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THE CLAUSTHAL LEAD-SMELTING 
WORKS. 
By J. Cuark Jerrerson, A.R.S.M., Wh. Sc. 


No. I. 
THE ores which are smelted at the Clausthal| P 


Frankenscharner Hiitte consist essentially of ar- 
gentiferous galena, and contain besides interspersed 
through the galena, copper pyrites, fahlore, and 
bournonite in smaller or larger quantities, which 
latter occasion the formation during the smelting 
of an accessory product containing a large per- 
centage of copper. 

Other ores and minerals occurring with the galena 
in the lodes as vein stuff or gangue are : zinc blende, 
spathose iron ore, iron pyrites, brown-spar, quartz, 
calc-spar, heavy spar, clay slate, and greywacke. 
The chemical composition of the schlieg (or schliech) 
to be smelted will be seen from the two annexed 
analyses, 

Per Cent. o, Gent. 


71.676 9.71 =8 
0,945 Cu,S Fe,S, 1.78 =8 
880 4.38 = 


=8 
=3s 


BaO SO, 1.460 
Mgo 0.075 
100,000 8* 100.799¢ 
The first of the above two analyses appears to be 
taken from a very rich sample of schlieg and would 


give the present average percentage of lead and silver | ¢ 


somewhat too high, since the schlieg at present only 
averages from 58 per cent. to 60 per cent, and 0.1 
per cent. of silver. The present proportion of silica 
(12 per cent. to 13 per cent., which a, very 
nearly with the second analysis) is on the other 
hand somewhat less than in the first analysis, which 
gives, including the baric-sulphate, 16.5 per cent. 
to 17.5 per cent. The present average percentage 
of zinc is likewise much greater, amounting to from 
2 per cent, to 4 per cent. 

he ores are obtained from the mines of the 
Clausthal, Silbernaal, and Zellerfeld Berginspec- 
tionen, namely, those of the upper, middle, and 
lower Burgstiidter Reviers, the hofer Lodes, 
and the mines Ringbogen, Silberbogen, Regenbogen, 
Bergwerkswohlfabrt, and Hiilfe Gottes. They are 
first dressed (for the most part in the new dressing 
works{), by which they are reduced to a fine state 
of division, ‘‘ schliech” or ‘‘ schlieg.” 

Formerly the lead ore was brought to the smelting 
works partly in large lumps and partly as schlieg, 
the large lumps of pure galena or stuff ore were 
reduced to a powder by a stamp mill in the Hiitte 
itself, and then stored in the magazine separately 
as dry schlieg ; the stamp mill, however, is now only 
used for stamping clay-slate, marl, dross, and incrus- 
tations from the furnaces. At present the whole of 
the galena is reduced to this fine state of division in 
the dressing works, previous to being brought to 
the smelting house. 

The dry, as well as the wet achlieg, is weighed 
(correct to 100 Ib.) before being stored in the schli 
magazine; one of the weigh-houses is situa 
on the hillside close to the tram coming from 
the dressing works, the other am, Bemen being 
situated exactly opposite the smelting house. The 

* An older analysis given by Koch in the “ und 
Hiittenminnische Zeitung,” 1860. 7 

Analysis made in the Clausthal La , 1874. 
See pp. 35, 64, 102, 167, 210, 249, and 356, 
. xxi., of ENGINEERING. 








latter is used for weighing the coke and slags from” 


the smelting works of the lower Hartz, which are 
used for fluxing the ore, &c. 

The schlieg magazine is divided into eight com- 
artments. The ore at present from each district 
is only separated into stuff schlieg and wet schlieg. 
Each of the separate com ents contains only one 
particular description of ore from one of the districts, 
and is named or figured as follows : 

No. 1. Stuff ore, Burgstiidter Revier. 

2. Stuff ore, Rosenhofer Revier. 

Wet schlieg, Burgstidter Revier. 
Wet schlieg, Rosenhofer Revier. 
Slime ore, Burgstiidter and Rosenhofer 

Revier. 
Wet schlieg, from the mines Ringbogen, 

Silberbogen, and Regen n, 
No. 7. Stuff and wet schlieg, from Hiilfe Gottes 

and Friedrich Wilhelmn, 

No. 8. Stuff schlieg, from Bergwerkswohlfahrt. 

After the ore has been weighed it is brought 
along a tramway over the azine, and is tipped 
out of the wagons into these divisions, The tipped 
ore forms as it were a conical mound, so that the 
different ores are well mixed, and this mixing is 
rendered more complete for the smelting by the 
subsequent filling. If the wet and dry schlieg were 
not stored separately it me or easily happen in 
taking samples for the assay, that as the wet schlieg 
often forms cohesive lumps a greater proportion of 
the latter might be taken, and thereby occasion an 
inaccuracy in the results of the assay, and a con- 
sequent misproportioning of the charge for the 


3. 
ai 
5. 

6. 


No. 


urnace, 

From these stores then the daily requirements of 
the smelting works are supplied. The method of 

roportioning the charge is as follows. The ore is 

lied into a cylindrical iron kibble, which is sup- 
ported in an annular plate suspended from one end 
of the weigh beam, and is weighed off in quantities 
of 1 ewt., from each of which two samples are 
taken for assay. The two samples from the hundred- 
weight of ore are pulverised, and the first assay 
made whilst the weighed schlieg is run in a tram on 
to one of the two mixing floors. The assay mixture 
is carefully ground up after having been weighed. 
The weights used in weighing out the assay mixture 
are called hundredweights, pounds, &c., being the 
same fractional parts of 1 cwt. and 11b., &c., and 
thus the results of the analyses are given at once in 
hundredweights, pounds, &c., without the trouble 
of having to be first deduced from the percentage, 

The assays are limited to determining the amount 
of moisture, lead, and silver in the schlieg, and they 
are made not only atthe smelting works but also in 
the Royal Assay Lobisotent, Clausthal. Itis from 
those made at the latter place that the payment for 
the ore, and the composition of the charge for the 
furnaces are calculated, the others are only to be 
considered as check assays made on behalf of the 
smelting works. In the Hoyal Laboratory also it is 
usual to make two independent assays, and as it is 
extremely difficult to insure an exact agreement 
between the two aeeey, especially in the case of 
the dry assay for lead silver, the following diffe- 
rences are allowed: 5 per cent. for the lead assay 
whatever be the composition of the ores, 2 per 
cent. for the copper assay, and } quintal for the 
silver assay with ores containing under .099 per 
cent. of silver, and 1 quintal for ores containing 
above .099 per cent. of silver. 
The assay for moisture is made in the ordinary 

manner in an iron dish furnished with a handle and 
resting on a stand placed over a hot furnace, The 





weights used in the assay are marked as cwts. or 
lbs, though proportionately smaller, so that in 
the assay the weight of the sample subjected to the 
assay is nominally the same as that of the whole 
mass to be smelted from which it is taken, The 
results of the analysis therefore give at once the 
total weight of lead, silver, &c., in the mass of ore 
to be smelted without further calculation. The 
substance is gently stirred (being kept during the 
whole time at a temperature a little above 100 deg. 
C.).so long that a cold glass plate, when held over 
it, shows no trace of dimming from moisture, and 
two successive weighings coincide. ‘The drying 
“ is placed on a frame on the furnace, and not 

irectly on the top of the furnace itself, as other- 
wise the temperature might easily become too high, 
and cause the roasting of the galena, with the de- 
velopment of sulphurous acid, and any intermixed 
organic matter would be carbonised and hence in- 
duce inaccuracies in the assaying. 

The dried substance is rubbed fine and passed 
through a sieve and well mixed, and is afterwards 
subjected to the usual assay operations to deter-_ 
mine the amount of the metals. The amount 
of lead is obtained by the assay with black-flux 
and iron, that of the copper is determined with 
sufficient accuracy by the Swedish method ; when 
however a greater degree of exactitude is required, 
the copper is determined by galvanic precipitation, 
and lastly the amount of silver directly by the 
cupellation of the lead in a muffle. 

Since any improvement in technical processes can 
only have a safe basis when the necessary apparatus 
and accessories the requisite degree of per- 
fection ; it follows that any ediuasiont or improve- 
ment of the are ig | msg must be preceded 
by the substitution in p of the old incomplete 
construction of furnace by furnaces of newer con- 
struction corresponding more to the theoretical re- 
quiremeuts of the smelting operations. 

The ny Sates fon} yes the cal eae and 
spectacle illéfen) furnaces, r) one 
tuyere py which was placed in the heck wall. 
As improvements on these, the Rachette furnace, 
Pilz’s and Kast’s round furnaces were afterwards in- 
troduced. The interior form of the Rachette furnace 
is a truncated pyramid (and that of Pilz’s and Kast’s 
furnaces a truncated cone), the broader base of which 
forms the mouth of the furnace and the narrower 

rtion the hearth, With this construction there- 
‘ore the cross-section is largest at the top and 
gradually diminishes downwards, till itis contracted 
as much as possible in the hearth, Here the tuyeres 
are arranged on Rachette’s or on Sefstrém’s 
principle, by which a concentration of the heat is 
effected, and a consequent more complete liqua- 
tion of the lead out of the poorer slags is caused, 
whilst at the same time by a suitable cooling 
arrangement the furnace masonry and the tuyeres 
are better preserved from being worn or burnt 
away. 

Amongst other advantages of this enlargement. 
of the cross section in the u _portion may be 
mentioned that the oe of the ascending gases 
is proportionately reduced, and c the 
formation of furnace dust is i like- 
wise the setting of incrustations, &c., on the walls of 
the furnace is prevented by the friction or rubbing of 
the descending mass on the si which drags away 
any such incrustations down it; and since the 
introduction of the Rachette and the round furnaces, 
such incrustations have been but very seldom pro- 
duced. The height of the furnaces, which formerly 
varied between 8 ft, and 12 ft., has been increased to 
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five or six yards, since with the lesser height the 
volatilisation and consequent loss of lead was very 
considerable, whilst an increase in height acts 
advantageously by condensing in the aa cooler 
portion some portion of the escaping lead fume. 

If the other extreme was adopted of making the 
furnace too high, it would naturally entail many 
disadvantages, such as unnecessary bye-costs, the 

ing in small fragments of the charge and fuel 
(which is accompanied with other disadvantages to 
which we shall revert), while it would increase the 
difficulty, if not render it quite impossible to bring 


back the furnace into working order should 
the con have taken place. 
The breadth of the furnace is determined by the 


intended amount of production, and bears also some 
a ge to the quantity of air passed through the 

urnace, and the number of tuyeres with which the 
furnace is provided ; the 4bove-mentioned principle, 
however, of contracting the hearth as much as pos- 
sible is followed, so that by making the zone of com- 
bustion small, a higher temperature may be induced 
at that part, and what follows, a more rapid smelting 
and a more working of the furnace. 

As is well known, a furnace of considerable size, 
although enclosing a greater mass to be smelted, 
does not always give a yield proportionate to its 
dimensions, when compared with a smaller furnace 
under otherwise similar conditions, This was well 
illustrated in the experiments made with the 
Rachette furnace and Kast’s round furnaces, the 
latter giving decidedly the better results. It would 
seem as if the incrustations were more readily 
formed in the oblong Rachette than 
in the round furnaces, and that in the latter the as- 
—s column of hot gases penetrates more equally 
a every part of the column of ore fluxes and 

ui 


As far as the exterior shape of the furnace is con- 
cerned, it has been found most advisable to build the 
furnace detached, to surround the outer brickwork 
with a sheet casing, and to support the upper por- 
tion of the furnace on cast-iron columns, as is now 
usual with the most modern constructed iron blast 
furnaces; by these means less material is required 
in the construction, the furnace is more _— of 
access, and it can be more easily regulated and kept 
in working order. 

The arrangement of furnace known as the 
hearth-furnace (Sumpf-éfen) has been found to be 
the most suitable on account of its allowing easy 
access to the hearth and the lower part of the 
furnace for the removal of incrustations, &c., to 
which the slags of the Upper Harz Smelting Works, 
on account of their y solidification, are liable. 
This ready solidification of the slag, whenever the 
temperature becomes slightly reduced, rendered un- 


successful an attempt to use an eight-tuyere furnace | 


built after the plan of Pilz’s round closed-hearth 
furnace at Freiberg, although the latter has the 
advantage of lessening the labour considerably. 

The slag flows out over the fore-hearth and along 
a slag gutter, where it soon solidifies, and from 
which it is then thrown off to one side to cool. 
When the fore-hearth is filled with lead, regulus, 
&c., the contents are tapped off into a cast-iron tap 
bed, where they separate themselves according to 
their specific gravities, the lighter and more readily 
solidifying regulus rises to the top, and an iron 
hook is pomans gently into the regulus, so that on 
cooling the attached cake of reyulus can easily be 
lifted out of the tap bed, leaving the molten Tead, 
which is then ladled out into long cast-iron moulds, 
Since the introduction of the Rachette and round 
furnaces, it is usual to spread the charge in hori- 
zontal layers. 

Coke is the fuel used; it takes longer to burn, is 
considerably cheaper, bears a greater burden in the 
furnace than charcoal, occasions less production of 
carbonic oxide, and allows the development of a 
higher temperature more suitable to the decomposi- 
tion of the galena by theiron. For the sake of bearing 
a high column of ore, &c., a tender coke is avoided, 
the harder and more compact qualities being used. 

The chief advantage in the use of coke in the 
place of charcoal seems to lie in the fact, that in the 
use of the former a high temperature sufficient to 
cause the smelting of the charge is limited to the 
immediate neighbourhood of the stream of wind 
from the tuyeres, whereas with the latter the com- 
bustion occurs too soon (i.¢., in the upper part of the 
furnace) so that the proper tem are cannot be 


kept up in the neighbourhood of the hearth, the 
temperature of the upper portion of the furnace being 
unnece increased, 


ily in 


LITERATURE. 


Eclat aU Electricité. Renseignements Pratiques. Par 
Havecaree Fontarnz. Paris: J. —_" 

BeronpD all question the use of electricity for pur- 

of illumination is destined in the immecliate 

ture to a very wide extension, both to replace in 

many instances the employment of gas, and in many 


twice or more, until the desired density is attained, 
and they are cooled down slowly. These 
carbons are extremely tenacious, and can be freely 
cused 20 in, in length: and # in. in diameter without 
fear of breaking. The Gaudoin pencils are made of 
carbon produced from tar, resin, mineral oils, &c., 
and compressed ina mould. The following are the 
results obtained with the various forms by M. 
Fontaine during the present year : 





EXPERIMENTS MADE WITH VARIOUS CARBON PornTs, APRIL, 1877. 
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“ z 38 
§ 2. a 3 2 3 
a 8 wo | dl | Bg , 
NATURE OF CARBON, on Be 6 om Su 2 
q wee Fe. g og 
: 5 | 85 &% | ge 2 
E | os eS 
i 3 =F § |2= a 
in. in. 
Retort, good quality ... e»|  .804 in. square. 2.362 120 094 820 Fair (1) 
Archereau eve “ss -393 in. diameter 2.677 | 173 118 820 None (2) 
Carré... oP os “be ese -354 in. diameter 2.716 175 118 820 Medium (3) 
Gaudoin type No.1. ... ove “ls -440 in. diameter 3.149 | 203 118 820 Good (4) 
Gaudoin compressed wood charcoal .452 in. diameter 8.070 | 240 118 820 Very good (5) 








1. Numerous scintillations. ions. 
3. Very variable intensity. 
4. Light somewhat red but very cons 


others, and those of the highest importance, to 
supply a means of brilliant illumination, where at 
resent only very feeble and imperfect sources of 
ightare available. M. Fontaine, the author of this 
work, has devoted many years to the development 
and introduction of the Gramme machine, so well 
known as a powerful means of producing the electric 
light, and ) em employed for that and other 
Pp ; and if we allow at once that he has 
shown a decided and ibly an undue preference 
for this machine, it has to be considered that his 
attention and interests have been concentrated upon 
it during many years, In this book he has con- 
tributed the most valuable addition to our practical 
knowledge of the subject, and although he, in a 
preface, gives a long list of other authors from 
whom he derived much information, he is none 
the less deserving of much praise and for 
the excellent manner in which he has performed his 
work. Naturally the first portion of the book is 
devoted to a consideration of the nature of the 
means of producing the electric light, as well as to 


a historical review of the various stages through 
which the science has d from its inception to 
the present day. With regard to those subjects we 


only say that M. Fontaine has written with 
much care and without tediousness, and we may 
pass on to the more practical portion of the book, 
as being of more interest and value to our readers. 
The chapter, on carbon points is very complete, 
and in considerable detail. The tabulated results 
given are of special value, as they are obtained from 
a number of careful experiments. We will refer 
parti — to one series of experiments, The 
points tried were: 1, of good retort coke ; 2, those 
of M. Archereau ; 3, those of M. Carré; and, 4, those 
of Gaudoin. e Archereau points are made of 
carbon finely divided and mixed with magnesia, the 
whole being brought into form under heavy pressure. 
The Carré points consist of 
parts. 

Very fine coke in almost im ble powder 15 

Calcined lamp-black alee walle Sou 

Liquid ... eee ee on ove . 708 
The liquid is formed of 30 parts of sugar and 
12 of gum. The whole is intimately mixed, 
and from | to 3 parts of water are added to make 
up for loss by evaporation. After being moulded 
under pressure the points are placed in a crucible 
and submitted to a high temperature. They are 
laid horizontally in the crucible, which is of cast 
iron, on a bed of coke dust, and each layer is 
separated by a sheet of paper. Between the upper 
layer and the cover a bed of coke dust, and then a 
bed of sand is After the first operation, 
which should last from four to five hours, during 
which the points have to be maintained at a cherry 
heat, they are. placed for two or three hours in a 
boiling and concentrated solution of cane sugar, 
being taken out two or three times to cool, in order 
to allow the solution to penetrate more freely. 
They are then drained and washed well in boiling 
water to dissolve the sugar on the surface, After 





drying they are placed in a crucible and again heated, 











Carbons used ve 7p 
2. Very variable intensity of light. Wear of carbons in s facets. 
Good wear of 


carbon. 


tant. 
5. Light very white. Less fixed than with the Gaudoin carbon No.6. Small variation. 


In proportion to the light produced the wear of 
the points was for the 

Gandoin wood charcoal points 1.259 in. per 100 burners 

Archereaun ... pi 1. pal 

Carré oes 1.574 ss, 

Gaudoin No.1 ... 1.574, 

Retort ine ose 1. ° 9 

Commenting upon the behaviour of these Various 
carbons, M. Fontaine says: The light given by 
Gaudoin No. 1 was a little less re; than was 
obtained on a previous occasion ; that given by the 
Carré varied in less than a minute from 100 to 250 
burners ; it turned around the points in the same 
way as with alternating currents. The Archereau 
pencils gave such a variable light that it was difficult 
to measure it by the photometer. The retort 
carbons alone preserved their durability, their lumi- 
nous intensity, and unfortunately their irregularity. 

Passing on to a historical review of electro- 
magnetic machines, M. Fontaine describes with much 
detail the latest form of the Gramme machine for 
producing a light equivalent to 2000 burners. This 
machine has been illustrated and described by us on 
page 147 of our twenty-first volume. For lighting 
workshops and other industrial purposes, M. 
Gramme makes a machine with two magnets and 
one centralring. The weight of this latter is 396 lb., 
its height 23.6 in., its width 13.7 in., and its length, 
including the driving pulley, 25.6in. The base 
weighs 264 1b,, and is 15.75 in. high. The — 
wire of the electro- ets weighs 61.5 Ib. and that 
of the ring 10.8 Ib. ith this machine a light equal 
to 1440 Carcel burners was produced, the speed being 
900 revolutions per minute. The first workshop 

rmanently illuminated by electricity was the 

ramme atelier in 1873. The light was furnished 
by a single lamp, which took the place of 25 gas 
burners. During four years the work has been 
regular, and the cost has not exceeded 6d. per hour, 
including all char The space lighted is 40 ft. 

uare and 16 ft. high. On a larger scale is the 
illumination of the Ducommun Works at Mulhouse. 
The main shop is 187 ft. long and 92 ft. wide. The 
lights are placed 17 ft. above the ground, 69 ft. 
apart longitudinally, and 46 ft. transversely. The 

ramme machines are placed in one of the boiler 
and engine houses. The total cost of establishment 
was 4001, and the light obtained is~equal to 400 
burners. Many other workshops are also illumi- 
nated in the same way, among them we 
may mention those of MM. Sautter, Lemmonier, 
and Co., of Paris, the Menier Chocolate Works at 
Grenel, Noiseul, and Roye, the spinning factories of 
Dieu-Obry, Daours (Somme) MM, Ricard fils, 
Mauressa (Barcelona), and MM. Bureda. at 
Sabadell (Spain). 

The lighting of the goods station at Chapelle- 
Paris, is also an important installation. It comprises 
a building 230 ft. by 82 ft, and 26 ft. high, a-shed 
the same length, 49 ft. wide, and 26 ft. high, and a 
court- 65 ft. wide separating the main station 
from the shed. The hall is lighted with two lamps 
about 14 ft. above the ground, and the shed 
and yard with a single light. The cost of light- 
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ing is 7.5d. per hour and per lamp. The cost of 
establishment was 9207. 

An interesting application of the light has been 
made at the Havre harbour extension works. The 
works at night were carried on by 150 labourers, 
over an area of about 300,000 square . The 
lamps here were placed at an elevation of about 
50 ft., and each had a power of 500 burners. Minute 
objects were quite distinct at a distance from the 
lights of 350 ft., and the works were carried on with 

ect ease, 

In 1863 the first application of electric illumina- 
tion was made to a lighthouse near Havre. The 
Alliance machine was employed, and since that date 
this method of lighting has been greatly extended in 
England, France, Russia, Austria, Sweden, and 
Egypt. Hitherto, however, the most powerful ma- 
chine employed is equal only to 200 burners, but M. 
Fontaine states that the French Government is 
shortly going to experiment with a Gramme ma- 
chine of 2000 burners. Of equal interest to light- 
house illumination is the application of the electric 
light on board ship, and enough has been done in 
this direction to encourage its wide extension, At 
the end of March, 1876, the America, of the 
General Transatlantic Company’s line, was fitted 
with a Gramme machine, and accessories. The 
reflectors are placed in the top of a tower made of 
plate iron, access being gained by an internal stair- 
way. The height of the tower is 16 ft. 4 in. above 
the deck, the diameter is 39 in., and it is fixed in 
the forward part of the ship. The reflectors illumi- 
nate an arc of 225 deg., leaving the ship almost 
entirely in the dark; the beam has a depth of about 
31 in. The Gramme machine employed has a 
power of 200 Carcel burners,.and is driven by a 
three-cylinder Brotherhood engine with a speed of 
850 revolutions per minute. The commutators 
controlling the action of the light are placed in 
the captain’s cabin, and the light can be ex- 
tinguished or produced at will without stopping 
the machine. e French Admiralty has recently 
established on board the Richelieu, and will shortly 
place on the Suffren, 500 burner Gramme machines, 
driven by a Brotherhood engine. This light it is ex- 
pected will be of great service for torpedo defence. 
The light is concentrated in a cylindrical beam, which 
can be directed upon any desired point, the lamp 
and reflectors being mounted on a revolving frame, 
to which any desired inclination can also be given. 
M. Fontaine gives an interesting chapter on the 
power absorbed in pe the electric light, and 
refers at length to M, Tresca’s valuable investiga- 
tions of this subject. Further we may refer our 
readers to page 147 of ENGINEERING, vol. xxi. 
Finally, the question of cost is considered, and this, 
though of secondary importance, when intensity of 
light is ae ee is one of the first points 
to be considered before attempting the application to 
industrial purposes. In this t the author makes 
a most favourable comparison for the Gramme ma- 
chine, which, while we do not endorse it, we con- 
sider of sufficient importance to summarise in this 
review. He bases his estimate on a machine, motor, 
apparatus, wires for transmission, &c., complete for 
150 Carcel burners, and assumes four such apparatus 
are required to illuminate a given factory, 500 hours 
of lighting during the year being allowed for. The 
points cost 6d. per foot, and are consumed at the 
rate of 3}in. per hour, including breakages, The 
following is the estimate 


° £ 
4 tons of coal at 1.41. per ton 5.6 
523ft.of carbons... pr son 12.8 
Maintenance of the four a: tus 10. 
Amortisation on capital, t. at 10 per 
cent. eee ove ow ove oo 
Total ~ oo ee: SES 


‘ oe a single light the cost of maintenance is much 
igher in proportion, and this decreases rapidly as 
the number increases. The expense diminitnes also 
with increased duration of use; thus at M. Menier’s 
factory at Noiseul, where work is carried on through- 
out the night continuously, the cost is as follows : 


£ 

1046 ft. of carbon eee oe eee ove 25.6 
Annual maintenance bs pre ww « & 
Amortisation ... ete ove ef 10. 

43.6 


‘In this case, however, water power is used to 
drive the electro-magnetic machines ; if steam were 
used 8 tons of coal would have to be added, which 
would bring the cost up to 64.4/. With the latest 
type of Gramme machine it is claimed that these 





prices are considerably reduced. The following are 
stated as the proportional cost of various illumi- 


nating mediums as com with the electric light : 
Wax bese Tag ose er ees Cs | 
Stearine .. a ove 55 to 1 
Colza oil eee oe 16 to 1 


Gas oe eee eee eee oe Ad 

As the result of a detailed estimate for illuminating 
a factory with 415 gas lights and 6 electric lights, it 
is shown that the annual cost of the latter would be 
only 33 per cent. of the former, with six times the 
illuminating power. 

The concluding chapters of this book are devoted 
to the consideration of lighting by incandescence, 
and on the divisibility of electric light as illustrated 
by the recent developments of M. Jablochkoff, which 
have recently been noticed in our columns, As we 
have already stated, M. Fontaine’s book may be open 
to the objection of pressing too prominently forward 
the Gramme machine, but it is none the less a very 
valuable contribution to the literature of practical 
science, and treats very fully of a subject which is 
daily growing into increased importance. 


A Practical Treatise on Heat, as sy No ty 1 
re . ¥c. By 


Arts, for the Use of Engi * 
ootee Box. Second fidition. London and 

York: E. and F. N. Spon. [Price 12s. 6d.) 
It is now about seven and a years since we had 
occasion to review at some length (vide pages 61 
and 117 of our seventh volume) the first edition of 
the work now before us, and we gladly welcome the 
second and very considerably enlarged edition which 
the author has now _— at the disposal of * 
neers, Considering that the former edition of Mr. 
Box’s book is—or ought to be—now well known, 
we propose in the present notice to confine our- 
selves to the examination of the modifications made 
in _ ses epee bag eee : ‘* 

‘o begin with, we ter I, greatly extend 

and modified, it now cnenatng fifty-four pages in 

lace of thirty, and the greater —. of it 

ving been entirely rewritten. Thus the remarks 
on specific heat are almost entirely new, and some 
errors which existed in the former edition with 
regard to the specific heat of gases under different 
pressures have been corrected. The sections in 
this chapter dealing with er vaporisa- 
tion, expansion of bodies by heat, &c., have been 
considerably enlarged, and amon 
matter some interesting tabular 
respecting the successive contractions of wrought 
iron when repeatedly heated! and quenched. ‘The 
second chapter treating of the combustion of fuel 
and kindred subjects has also been materially ex- 
tended and improved. 

The third chapter treats of steam boilers, 
and it is one in which we had to point out 
several defects in our review of the first edition. 
We are glad to find, therefore, that most of the 
— to which we took objection have 

m modified, and in particular that in 
the table of proportions for Cornish boilers 
which the author gives, the flues have been 
materially strengthened, We much re- 
gret, however, that Mr. Box still applies 
the term ‘horse power” to boilers, in- 
stead of using his influence to do away 
with a mode of measurement which is 
really unmeaning. 

In his new chapter on steam boilers, we find that 
Mr. Box has embodied some remarks on the benefits 
of expansion and on the steam consumption of 
engines working under different conditions, In the 
course of these remarks he gives a table of steam 
consumptions of non-condensing =e workin; 
with steam at pressures of 30 Ib., 45 Ib., 60 Ib., an 
75 lb. respectively, and different rates of expansion, 
but he does not say whether the engine cylinder is 
or is not supposed to be steam-jacketted. For an 
engine with an unjacketted cylinder some of the 
steam consumptions given appear to us much too 
low, and this is particularly the case with the con- 
sumptions relating to the higher rates of expansion. 

Chapter IV. deals with the efflux of gases, and 
here we find that Mr. Box. still retains the old 
theory of such efflux and neglects the deductions of 
more recent experimenters. This is to be regretted, 
as it is now well known that the formerly received 
theories are incorrect, and there are now sufficient 
experimental data available to enable formule to be 
framed, giving results which are sufficiently accurate 
ical purposes. The succeeding 
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contain most valuable data, as do 








also those on distillation, drying, heating liquids, 
heating air, the transmission of heat, &c., which 
follow. In all these ar Be we find evidences of 
careful revision, while a large quantity of informa- 
tion, not to be found in the earlier edition, is given. 
The chapters on ventilation, the heating of build- 
ings, &c., which conclude the book, occupy about 
one and a half times the space which they did in the 
first edition, and their value has been increased in a 
fully equivalent ratio, 

Altogether we can decidedly congratulate Mr. 
Box on the second edition of his valuable treatise, 
We but too often find that authors in preparing 
second editions of their works neglect to avail them- 
selves of the opportunity thus afforded for in- 
troducing improvements, but this is certainly not 
the case in the present instance. Mr. Box has evi- 
dently not hesitated to modify his previous writings 
wherever he deemed it desirable to do so, while he 
has made numerous and im t additions which 
will greatly add to the value of a work which even 
in its earlier form was one of the best of its kind yet 
published, 





THE PENNSYLVANIA RAILROAD. 
No. XXVII.—PHILADELPHIA AND Ente I)rvision. 
Tue Philadelphia and Erie Division of the Penn- 
sylvania Railroad has a a of 287 miles, Its 
eastern terminus is at Sun » 160 miles from 
Philadelphia, and which is situated on a plain im- 
mediately below the junction of the west and north . 
branches of the Susquehanna. Here the railroad 
formsaconnexion with the Northern Central Railway, 
also under the control of the Pennsylvania Railroad, 
and by which an unbroken route is formed between 
Lake Erie and Baltimore. It was originally known 
as the Sunbury and Erie road, and was organised 
in 1837. Passing through a long series of vicissitudes, 
and after uent recourse to the Legislature for 
wers to raise additional capital, the company 
‘ound itself unable to complete sufficient works for 
dealing with the coal and oil traffic, the latter having 
sprung suddenly with immense dimensions into 
existence, Accordingly in 1866 the line was leased 
to the Pennsylvania Rai Company for 999 
years, they undertaking to complete unfinished 
works, and to pay the lessors 30 cent. of the 
earnings. It was soon found, however, that 
arrangement entailed heavy and continuous 
loss, and in 1870 it was agreed that the line should 
be worked at actual cost, and all profits should be 
handed to the lessors. This arrangement is now in 
force. For a distance of 93 miles from Sunbury 
the line rises steadily with easy gradients, but at 
this point commences the mountain section that 
extends as far as Warren, 130 miles further on 
Renova is situated in a narrow valley on the Sus- 
quehanna, and contains the principal shops of the 








line, occupying an area of 10 acres. Locomotives 
and cars are built here from the designs furnished 
by the works at Altoona, the superintendent of 
motive power, Mr. Howard Fry, in this respect 
acting in connexion with Mr. Ely. Large sums of 
money were mt upon the construction of 
these shops, which contain a school, reading 
rooms, and other advantages for the men, From 
Warren to Erie, a distance of 66 miles, the road is 
comparatively level, with the a of a short 

e to the Erie terminus. The shops at Erie, 
h a plan is given above, are very small, and 
repairs to cars and locomotives are 
executed. ey comprise a semicircular round 
house with 12 tracks and a central turntable. The 
machine shop, 200 ft. by 83 ft. 4in., has in front of 
it a transfer table 209 ft. long, serving nine tracks, 
one of which runs through to the turntable and 
round house, whence it is extended into a double 
siding with a coal wharf between. The smiths’ shop 
is 114 ft. 7 in. by 67 ft, 2in., and the remainder of the 
buildings consist of an engine and boiler house, water 
station, coal and iron sheds, and stores. The shops 
are situated close to the lake, and tracks are laid 
thence to the railroad y's docks. ‘The per- 
spective views subjoined convey a clear. idea of 
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these works, as well as the more extensive harbour 
works constructed by the Erie municipality. The 
plan on the opposite page shows the detailed arrange- 
ment of the docks. ‘They comprise two large basins 
and-three piers, the largest one 1020 ft. long, and 
terminated in a large head, on which are situated 
two large elevators, freight house, &e. ‘The second 
pier is 1335 ft. long and 100 ft. wide, with an 
average depth of 17 ft. of water ; on the other side 
this pier is 1225 ft, long, and the basin adjoining it 











is 150 ft. in width, The third pier is 912 ft. long, 
and is employed for loading colliers, Beyond this 
pier is a small berth and an embankment, The 
arrangement of rails is shown on the plan. These 
lines with sidings pass from the main tracks to the 
first pier for the accommodation of the freight 
house and elevators, A second series of sidings 
runs down one side and the centre of the main pier. 
On the coal pier the arrangement is different ; a high 
level gradient runs from the main lines on the pier, 


section. The loaded cars are hauled up this 
gradient, and these when unloaded run back again 
on the line marked gravity track on the plan. The 
coal is dumped from the cars into shoots, the lower 


and can be raised and .lowered by the winches 
peo above the shoots. The vessels to be loaded 
ie alongside, as shown in the section. These piers 
are constructed throughout of timber or cribwork 








where the level is raised to the height shown in the 





loaded with stones, and it may be mentioned that 





LAKE ERIE. 


parts of which are hinged, as shown in the section, 





17 ft. On the tops of the piles, a platform was laid 
and the stone foundations of the building placed on 
it. The area over which the piles are driven is 
surrounded with cribwork filled with sand. The 
capacity of the elevator is 250,000 bushels, the 

ain being contained in 47 bins, and the trans- 
erring capacity of the elevator is 100,000 bushels in 
24 hours. In unloading a vessel lying alongside, a 
long movable leg is lowered from the building into 
the hold of the vessel; this leg carries a rubber 





HARBOUR AND DOCKYARD ON LAKE ERIE. 


they were laid out and built in the winter when the 
water was frozen, and the ice afforded a platform 
for the construction of the work. 

The two elevators belong to the Empire Trans- 
portation Company. That marked B is a timber 
structure built in 1870. It is 96 ft. longand 72 ft. 
wide, and is enclosed within a shell of brickwork, 
the roof being slated. The main building is 109 ft. 
high, and the tower 124 ft. The structure rests 
upon piles driven in groups of nine to fifteen each, 
driven down to the rock, for an average depth of 











belt 17 in. wide, and having mounted on it 154 
buckets, each holding 9 quarts, By this endless 
belt the grain is raised to the top of the building, 
when it is delivered into. a 100-bushel weighing and 
recording apparatus, whence it falls into a chamber 
at the bottom of the building. A similar endless band 
lifts the grain again to the top of the house, when it 
is distributed through hoppers into the various bins. 
For loading into the cars there are two lines of rails 
running underneath the building, and each having 
space for accommodating six vehicles. The bottoms 
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of the bins are immediately above the cars, which are 
loaded by opening sluices in the hoppers. The 
amount so discharged is weighed in every car, 
so that a complete check is kept on the amount 
of grain received and delivered. The elevator 
marked A is arranged similarly, but is smaller, 
its capacity being 100,000 bushels. The freight 
house is a long building, suitably arranged for 
receiving and delivering freight of all classes, 
whether coming from the lake or transfer by rail, 
or vice versé. The trade, it may be mentioned, is 
very considerable, and always increasing. The 
Empire Transportation Company, to which Erie 
—— as terminus, own a large fleet of boats, some 
of them of 1500 tons, and carrying 650 engers, 

In working the freight wale « othe Phila- 
delphia and Erie Railroad, the line is divided into 
three divisions, the Western, from Erie to Kane, 94 
miles ; the Middle, from Kane to Renova, 101 miles ; 
and the Eastern, from Renova to Sunbury, 92 miles. 
Each of these divisions is considered a day’s run for 
the engine drivers. The time usually occupied by 
freight trains is for the Western Division, 10 hours ; 
Middle Division, 10 hours 15 minutes; Eastern 
Division, 9 hours. The maximum load for an east- 
ward bound train with a Class ‘‘D” engine is 30 
loaded cars of 10 tons each, and carrying 10 tons, 
leaving Erie ; a pushing engine assists this train to 
Langdons, after which one engine takes on the train, 
and if there are cars to be forwarded at other sta- 
tions, increases its load to 45 cars. 

A pushing engine is needed with this load from 
Otts to Pattonia, ard also from Sheffield to Kane. 
The pushing on the two last-mentioned grades is 
done by consolidation engines, gtationed at those 

ints for the special purpose, but from Erie to 

gdons the pushing is done by the engines of 
westward-bound trains, which after arrival at Erie, 
are kept in steam to push the trains going east. 

The engine mileage made in taking a full eastward 
train over the 94 miles of the Western Division is : 


Miles. 
Train engine, Erie to Kane ... ine on 94 
Pushing engine, ErietoLangdonsandreturn 18 
99 Otts to Pattonia eo 10 
pit Sheffield to Kane si 32 
Total ... on = ‘oo. oon 
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The maximum train on the Middle Division is 40 
cars from Kane to St. Mary’s, and 60 cars from St. 
Mary’s to Renova. The engine mileage in taking a 
full eastward bound train over the 101 miles of the 
Middle Division is therefore : ‘is 

es. 


Train engine, Kane to Renova... 0 eae oot 
Pushing engine out of Kane yard and return... oes 2 
Ridgway to St. Mary’s and return 20 


” ” 


Total ove oe oo ASB 

No pushing engines are required east of St. Mary’s. 

The only points at which westward bound trains 

need a second engine are on the Middle Division, 

and the engine mileage for a west-bound train on 
this section is: 


Miles. 

Train engine, Renova to Kane ... ess eos «. 101 
Pushing engine, Rathban to St. *sand return... 18 
~- se Wilcox to Kane return... eee. isc 


Total s00 .. 137 

The maximum load for an eastward-bound train 
on the Eastern Division fora ‘‘D” engine is 45 
cars from Renova to Williamsport, and 60 cars from 
Williamsport to Sunbury. For a Class “J” engine it 
is 80 cars from Renova to Williamsport, and 95 cars 
from Williamsport to Sunbury. 

For working the passenger traffic, the line is 
divided into two divisions, one being from Erie to 
Renova and the other being from Renova to Harris- 
burg, 54 miles beyond the Sunbury terminus. The 

rtion of the Northern Central Railway from 

unbury to Harrisburg being under the charge of 
the superintendent of the Eastern Division, the Phila- 
delphia and Erie Company are able to run the 
passenger engines right through to Harrisburg. 

By this arrangement they are enabled to get a duty 
of about 5000 miles Ag “— a of the pas- 
senger engines. e mileage of freight engines 
on the Western Division is about 2800 miles a 
month, on the Middle Division about 3400 miles, 
and on the Eastern Division about 2500 miles. 

Perhaps the most interesting feature in the work- 
ing of the motive power on this division is the use of 
Class “ J” engines on the level portion of the road, 
For the last twelve months trains of from 75 to 
100 loaded cars have been worked between Renova 
and Sunbury with one of these engines, No diffi- 
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culty has been experienced in handling these trains, 
although they are run in regular work with trains 
of only 40 cars. Quite frequently a speed of 20 miles 
is made between stations with 80 cars in the 
train, and beside the t economy in train hands 
there is a considerable reduction in the consump- 
tion of fuel per car mile, and in all other motive 
power expenses. The engines working this traffic 
marke about 4000 miles per month, 





HIRN’S THERMODYNAMICS.—No. VI. 

VI. Dilatation of Gases and Vapours at Constant 
Pressure.—When the temperature of a gas is in- 
creased without modifying the external pressure, 
external and internal work are performed, The 
additional heat divided by the rise of temperature 
is what is known as the capacity of a gas at con- 
stant pressure. 

The general expression for the expenditure of heat 
is from our point of view, 


Q=K (t,—te) +A Po (Vi— Vo) +A N pod” ov 


also 
uu 


a 

It is evident that this quotient can only have a 
correct meaning if the sum of the last two terms in 
the ‘first equation divided by the difference of 
temperature is a constant. It otherwise only ex- 
presses a mean as incorrect as one would have, if, for 
example, for the veer of a falling body the 
height of fall were divided by the time. 

+ us apply the equation to steam, 


af agp i Ef RLS 
Uo 





° oe sae 
= 16,6254 (5 a a ) 
or. 
, A H= 16.6254 (u,—02%3 — y, -0.2083 ) 
also K=0.4 
whence 


Q=0.4 (t—to) + Fo (Wi—Vo) + 16.6254 (vo~0-2988 
—v —0.2983. ) 
Suppose a kilo. of steam at 100 deg. and 1 atm, 
is heated so that the volume increases by a tenth, 
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by substitution we obtain 
T=405.77, ¢=132.92 deg., and in 
the second T=537.61, ¢ = 264,76 deg. in the 
first case A H=0.4012 cal., andin the second A H= 
1.6298, hence for the first case Q<=17.594 cal., 
second Q=87.657 cal. Dividing the 
difference of these by the difference of temperature 

=0.53, whilst M. Regnault obtained 0.48. This 


¢ 
difference is not great considering the number of 
elements which enter into the equation. The essen- 


tial fact that follows is that 2:—2- varies with 
the temperature. ne 
Let us now obtain the proper value 
responding to a temperature /#, for an 
small variation d ¢. 
We have 
dQ=K d t+(P+B)d y= 


Kdt+A [PR @y**] dv 
uv 
whence 
4 Qe K+A P+R (%e)'**] 2e 
a [e+ (2) "5 
But from 
p=!P +Ro) v : T =~ Be (?)"** 
. o v uv 
. we obtain 
P v=(P,+By) vo — Rev! **. y"* 
and making P=constant, and differentiating 
p— Uo l+ea 4 v_(Po+Ro)v 
aR, ( ») ] dt To : 
whence substituting 


P+R,(%)' +a 
l+a r 
—-a Ry (=) - | 
If P is supposed constant, we can by increasing 
the temperature cause » to increase as we please 
from the point of saturation ¢ corresponding to P. 
The two terms on the right of the — in large 
brackets continually diminish, the fraction in large 
brackets converging to the value ] and cp converges 
with the constant value 
oak +4 Pot Bo) vo, 


of ¢, cor- 


infinitely 





= k++ Pot Be) ve [ 
v0 


an expression corresponding ‘with the received value 
in placing R=o and y=V. This gives c, = 0.5119 
for the limiting value when cp becomes constant. 
In a similar manner ¢, is calculated for saturated 
steam, and is found to be at 100deg. and 1 atm. 0.536, 
and at 200 deg. and 15.38 atmo, 0.559. Thus ¢? in- 
creases slowly with the pressure. 

VIL. Heating of Gases and Vapours at Constant 
Volume. General Conclusions, 

This problem is difficult and the data for it are 
wanting. If R were homogeneous it would be a 
function of v exclusively; there could be no in- 
ternal work where v was constant and we should 
have co=K=constant. 

If R is not homogeneous it does not follow that 
¢y should be different from K or variable. 

In heating a gas or body kept at constant volume, 
there may be pare and negative work, so that 
the quantity of heat required to raise a body from 
é, to ¢, may be K (¢,—#,). 

The supposition that c* is variable or co > < K 

uires a quantity of non-compensating positive 
and negative work and the existence of forces act- 
a between the atoms or molecules, 

he direct determination of <* appears to be 
one of the most difficult problems for experimental 
prse. It might be determined for carbonic acid. 

y mixing carbonic oxide and oxygen in proper pro- 
portion, and detonating the mixture in a vase of 
constant volume, so arranged as to give the maxi- 
mum pressure at the moment of combustion, the 
temperature would be known ; and as the experi- 
ments of Favre and Silbermann give the quantity 
of heat produced by combustion, and hence the 
elevation of tem ure, at constant volume, due to 
a determinate addition of heat. 

Another experimental method, indirect, it is true, 
permits of our examining whether cy is constant or 
not. The law 


7 Ue 
P+R=(P. +R 


— 


v - 


becomes 


P=(Po+R,) 7 —R, 
if T be supposed variable, whilst , remains constant 
and equal to yp. In this case R should also remain 
constant and equal to R,. 
From this it follows that the external pressure of 


a gas heated at constant volume, increases by regular 
increments if the temperature so increases. In fact, 
if we put / 
4 —P,=P, -P,= P, Ts —T,=T, -T,.=sT 

3P= Pe+Re gT=B eT. 


° 
M. Regnault has only examined carbonic acid from 
this point of view, and the increase of pressure at 
constant volume was only measured for a single 
variation of temperature between 0 deg. and 100 deg. ; 
we cannot, therefore, state whether § P=B 3 T. 


These experiments allow of calculating R, for 
four different densities, The first two values do not 
agree with those given by the equation, 

R=B,( 2}! +e 
8 , 
nor with the results given by Mr. Joule. The other 


two on <a> the equation. 

M. Hirn’s own experiments on steam at different 
densities, which agree among one another, and with 
the equation, and which show that for steam 
at least the value of R remains nearly constant, 
whatever the temperature, when y does not vary, 
authorise us in admitting that c, is nearly constant 
and = K=.4. 

A striking fact arising from our study is that 

s and vapours have cohesion. This seems at 
yee paradoxical, as it concerns bodies whose 
parts are continually in a state of reciprocal re- 
pulsion, but on closer examination the pressure of 
a gas is only the intensity of the repulsive action of 
heat diminished by the intensity of the internal 
forces which tend to reduce the volume; when the 
first of these forces 8 the second the body 
tends to augment in volume, and exercises a pressure 
on the containing vessel R is always smaller, and 
generally much smaller (even in saturated vapour) 
than the repulsive action of the heat (P+R). The 
expression for this is 

Z=(Pr+ Be). Ye, 


eu 
The internal pressure of the vapour or gas is on the 
contrary 
P=(P+R,) 7 _p, 
vu To 
As we have only directly a notion of P and none 
of Z we are led to think that R does not exist, 
whereas in vapours its value is considerable, being 
in steam at 200 deg. of 15.38 atmos., 3 atmos, 
We see that combining this term with P, we 


arrive at the law ( ° =@ ) which even for satu- 


rated vapours expresses the relation of T, V, and 
P, which the ancient law of Mariotte did only for 
rarified gases. Before considering the variations in 
the _ in its new form we should extend it as it 
stands, 


MEYER’S MULTIPLEX SYSTEM OF 
TELEGRAPHY. 

Tuis system is distinct from either duplex, quad- 
ruplex, or Lge paves telegraphy. The simultaneous 
transmission of several messages is effected, not by 
electrical, but by mechanical combinations. It isa 
means of arranging by mechanism that several 
m shall be sent together, the messages, as it 
were, interlocking with each other. The line is not 
engaged in carrying a single message, but carries 
successively small parts of several messages, and 
thus it is made to employ several operators and re- 
ceiving instruments at once. If the line carried 
four messages there would be four operators em- 

loyed in sending at the same time, and each would 
ve the line for his exclusive use during a quarter 
of the time. A contrivance called a distributor is 
used to ‘‘ distribute” the line to the four operators 
so that each may know when he is free to signal, 
We shall endeavour to explain as briefly as possible 
the principle of action of the apparatus. 
eyer’s apparatus is the joint invention of MM. 
Meyer and Jonas Naas, of Paris. Meyer 
is also well known for his autographic ——_ 
The English t for multiplex is dated Octo 
29, 1871. e system has adopted by the 
French Telegraph Administration and successfully 
worked on several long lines, including that from 
Paris to illes, On this line there are four 
messages sent together, and there are in all about 
110 messages sent per hour. Of course, by this 
system the line is occupied alternately by the traffic 
ther terminus, as in simple tele- 





from one or the o' 
graphy. ‘The system admits of being duplexed, 
however, and that would enable both stations to 





communicate simultaneously, 





Fig. 1 will enable us to understand the working. 
D may be taken to represent the “ distributor.” fi 
consists of four metal quadrants, one for each 
operator, or m e to sent. Each of these 
quadrants is divided into sections by insulating par- 





as shown. 
t each of these is again subdivided 

a thinner partition, making eight sections in all. 
Only one quadrant is shown subdivided, as it 
is sufficient to consider one in order to explain 


titions p fr 


There are four —— 
sections, y 


for all. The sending key consists of four long 
and four shorter levers like the keys of a piano. 
It is connected by wires ww to the several sec- 
tions of the corresponding quadrant. Each of the 
longer keys is connected to one of the four wider 
sections ; and each of the shorter keys to alternating 
subdivisions. By depressing a long key a current 
is conveyed to a corresponding wide section, and by 
depressing a short key it passes to a half section or 
subdivision. The long key thus signals a dash, the 
short key a dot or half-dash. 

If, now, 4 be taken to represent a metal ball, or 
roller, rolling uniformly round the surface of the 
quadrants in the direction of the arrow and in con- 
tact with them; andif 4 is in connexion with the 
line, so that it is, in fact, the end of the line moving 
over the face of the quadrants one after the other ; 
then we shall have the line applied to each of the 
subdivisions of the operating quadrant successively, 
The effect will be the same as if the line were applied 
rapidly and uniformly to each of the keys in succes- 
sion, and currents will enter the line from those 
keys which are depressed. A letter consisting of 
several elementary Morse signals is thus sent by 
playing off several of the keys simultaneously as in 
striking a chord on the piano. The of the 
roller or end of the line across the sections of the 
quadrant fixes the length of the signals whether dot 
or dash, and separates them from one another. In 
this way the distributor acts. Each of the other 
quadrants is similarly subdivided and connected up 
to its corresponding sendingkey. The roller passes 
over éach in turn, and each operator plays off his 
key when the roller is passing his quadrant. This 
_ is notified to him by an automatic signal. 

e knows exactly when the line enters upon and 
leaves off contact with his quadrant. 

In order to receive the signals so sent it is neces- 
sary that the line should be made to ‘ distribute” 
them in a similar way at the receiving station. Ac- 
cordingly there is a similar arrangement there, The 
end of the line by means of a roller is made to move 
uniformly over a quadrantal “‘ distributor,” distribut- 
ing to each of the four quadrants its proper share 
of signals. Each quadrant is in connexion with its 
own receiving or recording instrument, so that the 
four messages are taken off together. It is an 
essential condition that the roller at the sending 
end and that at the receiving end should keep exact 
time and pace with each other, so that each part of 
the four messages sent off may find its way to its 
proper recording instrument. 

hemarkers of these recorders comprise conjointly 
a helix or single convolution of a screw thread. 
Thus where there are four recorders there are four 
markers, and each marker is, therefore, a fourth of 
a complete convolution of a screw thread. The four 
markers are fitted on the same shaft which moves 
the roller over the quadrants, and which revolves 
uniformly and brings each marker — the 
one after the other without loss of time, as 
the roller travels over its corresponding quadrant. 
The paper is pulled along underneath the marker 
at the same rate, — the “mpee ancy — 
imprints a straight line on the paper. plentifu 
onan of oleic ink is given to the marker by a 





The straight dots and dashes are marked trans- 
versely across the paper in the manner shown in 
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Fig. 2, where m is the marker with the part-helical 
thread, s is the shaft on which the marker revolves, 
and P is the travelling paper strip. The paper is 
pressed against the marker by a lever which serves 
as the armature of an electro-magnet. The signal 
currents from the line are passed through this electro. 
magnet to earth. They are thus made to attract 
the lever, and so press the paper against the marker, 
while the signal current passes. 





In order to maintain the synchronism or con- 
cordance of action between the transmitter and the 
receiver at the distant station, a correcting appa- 
ratus is applied to the shaft which carries the 
marker, whereby at each revolution the pallet of an 
electro-magnet being attracted permits the shaft, 
on which is mounted an escapement wheel, to make 
one revolution only, so that the receiving instru- 
ment cannot work more or less quickly than the 
sending instrument. The motor which serves to 
operate all the receiving apparatus consists of an 
arrangement of clockwork set in motion by a weight 
and regulated by a conical pendulum consisting of 
a weighted ball on a flexible stem suspended from a 
fixed point. 

In conclusion, we may add that by duplicating 
the marking helices two copies of the same message 
can be obtained from the same electro-magnet. In- 
stead of employing an ink-marking arrangement, 
this system may be worked with a chemical marker 
of special construction. On long lines, where it is 
necessary to employ a relay, one of ordinary con- 
struction suffices. 








COAL A MECHANISM NOT A SOURCE 
OF MOTION. 
By S. ToLver PREston, 

1. Ir has been our purpose in a series of articles 
on* * The Origin of Motion” to point out the im- 
portance of realising the practical deductions which 
follow by the rejection of the theory of ‘action at 
a distance.” We showed how by the rejection of 
this theory a physical agent pervading space must be 
looked to as the source of all the motions developed 
in matter. We remarked how the ether as the 
agent known to pervade all space and to occupy the 
molecular interstices of matter, naturally presents 
itself as the agent concerned in developing the 
various motions in matter. 

2, Since the molecules of carbon and oxygen (a 
the case of a piece of coal in combustion) can, by 
the rejection of the theory of “action at a distance,” 
be no longer assumed to have a power of acting 
upon each other across empty space and developing 
their own motions; it must follow inevitably by 
the rejection of this theory that a physical agent 
external to the coal (i.c., an external motive 
agent) must be concerned in developing these 
motions; and therefore the coal itself cannot 
be considered as a source of motion, but merely 
as a mechanism or machine for deriving motion. 
By the rejection of the theory of ‘action at 
a distance,” therefore, the coal and the engine 
must be regarded as on the same level, or the coal, 
like the working parts of the engine, is a mere 
mechanism. The mechanism of the steam engine 
must therefore be regarded as consisting of two 
parts, viz., the larger scale mass mechanism, and the 
smaller scale molecular mechanism. Coal con- 
stitutes the molecular mechanism of the steam 
engine. Coal therefore does not represent motion 
stored up in a mysterious occult form, but coal is a 
mere machine for deriving motion from a source, 
Since this conclusion follows inevitably by the 
abandonment of the theory of ‘ action at a distance,” 
and since this theory (previously condemned by 
Newton and Faraday) is already abandoned by some 
of the most advanced minds of the present day, the 
importance therefore of realising practically this 
conclusion need not be insisted on. 

3. Now we know that the amount of motion or 


* See ENGINEERING, 1876. Nos. 523, 525, 527, 530, 533, 





535, 589, 544, 554, 565, 570, 574. In the title ‘‘ Origin of 
Motion i i 
sense of 


” the word ‘ 
source. 


‘origin” is of course in 








power derived from coal is proportional to the 
amount of coal expended, and since coal is a mecha- 
nism or, machine, it follows that we have the 
rather curious anomaly that the amount of motion de- 
rived is proportional to the amount of machinery ex- 
pended, Putting aside all question as to whether 
this anomaly could practically be corrected or not, 
it is at least so far certain that in order for an 
eey to be corrected its existence must be recog- 
nised. 

4, Coal was formed, as is known, by the action of 
the sun’s rays (ether waves) upon molecules of 
carbonic acid in the presence of plants, whereby the 
carbon}was separated and deposited in the vegetation, 
to be afterwards utilised as coal. It follows there- 
fore inevitably by the rejection of the theory of 
‘action at a distance” that in the separation of the 
molecules of carbon and oxygen (constituting car- 
bonic acid), the work was done on the external 
physical agent whose pressure tended to keep these 
molecules together, and there was no motion stored 
up in an occult form in the carbon molecules. 
Conversely, when the carbon molecules approach 
the oxygen molecules (at the combustion of 
coal), the motion is derived from the ex- 
ternal physical agent, and does not come in a 
mysterious way out of the carbon molecules them- 
selves. The motion originally given to the external 
physical agent in the act of separating the carbon 
molecules (and which constituted the work done 
in the act of separation) was not stored up in the 
agent so as to be available again at the eventual 
approach of the molecules at the combustion of the 
coal, but this motion was necessarily dissipated = 
the natural recovery of equilibrium) through the 
universally diffused agent. That there was no 
euing VP of motion in a portion of the agent, so 
as to available again at the approach of the 
molecules (combustion) follows also—if further 
evidence on this point were needed—from 
the fact that the coal will burn in one por- 
tion of the agent as well asin another. The motion 
derived at the combustion of the coal comes out of 
the illimitable store contained in the universall 
diffused agent, the agent enclosing normally in 
its parts a store of motion available for utilisation at 
any time. The coal therefore burns just as well as 
if no motion whatever had been dissipated through 
the universally diffused agent in the act of original 
separation of the carbon molecules, It therefore 
follows that the motion dissipated through the ex- 
ternal physical agent at the separation of the carbon 
molecules (and in which the work of separation 
consisted) constituted perfectly useless work, serving 
no practical object whatever—at least in so far as 
this dissipation of motion was not necessary to the 
subsequent approach of the molecules. Some things 
though useless, are unavoidable from the absence of 
means to overcome practical difficulties, but it is at 
least well to observe that it follows as an inevitable 
certainty by the abandonment of the theory of 
‘action at a distance,” that if a means could be 
found of avoiding communicating motion to the ex- 
ternal physical agent in the act of separating the 
carbon molecules, then these molecules would sepa- 
rate without the performance of work, and therefore 
could be used a second time, or made available a 
second time for combustion. Of course to those 
who have not reflected on the subject, there may 
appear something very wild and like the problem of 
perpetual motion in this idea, or in the inference 
that there is nothing against theoretic principle in 
the above process. It coal, as in accordance with 
the theory of ‘‘ action at a distance,” be regarded as 
a mysterious store of motion in an occult form, or 
so much coal so much motion, of course the above 
idea must appear extremely wild; but those who 
have no faith in ‘‘ action at a distance,” and there- 
fore are bound to regard coal as nothing more than 
ordinary matter, or as a mechanism for deriving 
motion from asource; to them the idea of using a 
machine twice over for the same object instead of an 
indefinite succession of machines, will not perhaps 
appear so very wild, Whether incurable or not it 
cannot otherwise be regarded as a startling anomaly 
and contrary to all the usual systems of using 
machinery, that in deriving motion from a source it 
should be necessary to expend a quantity of machi- 
nery proportional to the gory of motion derived. 

5. Tt may be observed that the molecular pheno- 
mena consist in movements of approach and reces- 
sion ; for after a molecule has approached it must 
(to be used again) be made to recede. The mole- 


the | cular mechanism of nature may, therefore, be said 


to work on the reciprocating principle, Now, in all 


reciprocating mechanism ay oe by man, there is as 
is known, always a device for reversing the move- 
ment so as to avoid performing work on the source 
of motion. Thus in the case of the steam engine, 
which works on the pocpeesating principle ; if there 
were no device for reversing the movement of the 
piston so as to avoid performing work on the (sub- 
sidiary) source of motion, the steam, it would be 
necessary either to force the piston back in oppo- 
sition to the steam pressure, whereby the work ex~- 
pended would be as great as that derived, or else 
the piston would make only one stroke and then 
become useless. Now this is precisely what is the 
case with the molecular mechanism of the steam . 
engine (the coal). The molecule of carbon in ap- 
pabiag sae, Say. molecule of oxygen, approaches but 
once (makes to s in analogy but one stroke) and 
then becomes useless ; the reason being that there is 
no device for reversing the movement without per- 
forming work on the source of motion (the ether). 
Thus while the larger scale mass mechanism of the 
steam engine (where a device for reversal exists) is 
permanent, or is used again and again; the smaller 
scale molecular mechanism (the — on the other 
hand is subject to continuous renewal, or is applied 
in a continuous stream of mechanism, or we have 
the anomaly that the quantity of motion derived is 
proportional to the quantity of mechanism or 
machinery expended. Whether the practical diffi- 
culties inthe way of surmounting this anomaly will 
for ever remain insuperable or not, it is none the 
less important that the true principles involved in 
the case which follow inevitably by the rejection of 
the theory of ‘action at a distance” should be re- 
cognised ; viz., that the energy expended in the 
separation of the carbon molecules is not stored up or 
available for the subsequent approach of the mole- 
cules, that coal is a mechanism not a source of 
motion, that the motion derived at the combustion 
of coal does not come out of the coal itself but from 
an external source where motion exists, that, there- 
fore, the expenditure of coal represents the ex- 
penditure of mechanism, and that the expenditure of 
mechanism or machinery proportional to the motion 
derived from a source is contrary to all the usual 
methods of using machinery. It is important that 
this should be recognised, for the first step towards 
the cure of an anomaly is recognition of its 
existence. 

6. Since the views enunciated in this paper 
follow as inevitable necessities by the abandon- 
ment of the theory of ‘‘ action at a distance;” we 
think that this subject might be worthy of discussion 
and inquiry, and from its practical character, might 
commend itself to the attention of that large and 
increasing class of physical inquirers who have 
abandoned the theory of “action at a distance,” 





THE SHIPWRIGHTS’ EXHIBITION. 
To THE EpITOR OF ENGINEERING. 

S1r,—I have read Mr. Scott’s letter on the recent 
awards at the late Exhibition of Models, and while I cannot 
agree with him on all points, I think that he and the other 
exhibitors in the three classes in which the prizes were 
witheld were justified in expecting some more definite ex- 
lanation than that their exhibits failed to fulfil the con- 

itions. But what I most object to in connexion with this 
exhibition is that the original conditions were allowed to 
bealtered, after they were sent to the exhibitors who ap- 
plied for them. I for one knew nothing of the alterations 
that were made till the exhibition was open. : 
I quote from the conditions supplied tome : ‘ River tugs, 
special ge = eS. given by —- mye Wood, Esq., 
member ipwrig! mpany, for Thames river 

; 800 tons four miles an howr, 
dimensions and draught of water to be limited to 80 ft. 
length, 18 ft. 6 in. , and 3 ft. draught.” The cata- 
logue, however, has ‘‘ Special prize of 211. . . . for Thames 
river tug with power for towing 300 tons three miles an 
hour against a current of four miles an hour. Dimensions 
and draught of water to be limited to 80 ft. length, 
18 ft. 6in. beam, and 2 ft. 9 in. draught.’’ It is probable 
that a tug that would have the former condition 
would by her draught alone, to say nothing of other points, 
have been disqualified. Such discrepancies are most un- 
fortunate, and should, if possible, be avoided in future ex- 
hibitions. 4 
I remain yours, &c. 
No. 





Tur PaospHoR-BronzE Company.—The directors of 
this company have just declared an interim dividend of 
24 per cent. 





AMERICAN ORDNANCE.—It is expected that the 12-in, 
i cast in South Boston for one of the forts in New 
York harbour will be completed in August. A wrought- 
iron tube for this gun is now on its way from England. 





The will be tested at Sandy Hook with 500 ro 
before it is mounted, ° 
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DISCONNECTING COMPOUND ENGINES OF THE “OTTER.” 
CONSTRUCTED BY MESSRS. RANKIN AND BLACKMORE, ENGINEERS, GREENOCK. 





corapound system is rendered available without involving 
any more complication than the use of ordinary single- 
cylinder engines. As will be seen from our engravings 
there is in Mr. Rankin’s engines but one cylinder to each 
screw shaft, the high-pressure cylinder being placed over 
one shaft and forming with its connexions a purely non- 
condensing engine having neither condenser nor pumps, 
while the low-pressure cylinder stands over the other 
shaft, from which the air, circulating, bilge, and feed 
pumps are worked. The surface condenser is situated 
between the two engines, but is of course connected to 
the low-pressure engine only. 

In the engines of the “Otter” the cylinders are 13 in. 
and 24 in. in diameter respectively, the stroke in both 
engines being 20 in. Both cylinders are fitted with 
expansion valves which cut off at from } to j of the 
stroke to suit the variations of power required, an 
important point in a towing vessel. The valves are 
also useful for enabling the power developed in the two 
engines to be equalised and the two propellers to be thus 
driven at the same speed. The engines drive two pro- 
pellers each 6 ft. in diameter, and to keep these propel- 
lers within the lines of the vessel they are slightly 
overlapped, working through a screw space formed in 
the ordinary way. This arrangement enables the tug 
to be brought alongside a wharf or other vessel without 
risk of the screw blades striking. 

When the engines are connected and working in the 
ordinary course (that is placed in communication by 
their steam connexions, the two shafts not being con-~ 
nected in any way) the high-pressure engine exhausts 
into the low-pressure engine, which in its turn exhausts 
into the surface condenser in the usual manner. But when 
the engines are disconnected and working separately for 
the purpose of mancwuvring the vessel in harbours, &c., 
the high-pressure cylinder exhausts through the receiver 
safety valve—which is loaded to 15 lb. per square inch — 
direct into the waste-steam pipe. On the other hand, 
when the low-pressure engine is used alone, the steam is 
admitted to its valve casing through a reducing valve 
which is loaded to 16 1b. per square inch, the exhaust 
steam passing into the surface condenser as usual. 

In the case o {the “‘ Otter,” to prevent the engines from 
sticking on the centre, the makers fitted each screw shaft 
with balanced flywheels, as shown, these flywheels being 
provided with suitable tripping gear. In practice, how- 
ever, this has been found almost unnecessary, and we 
believe that further experience will fully confirm this. 
The great secret in handling single engines is never to 
use the throttle valve, but to stop and start them by the 
reversing lever alone; if this plan be followed it is but 
very rarely that an engine will stick on the centre, and 
it will be found that it can be stopped, started, or 
reversed promptly and easily. 

The engines of the “ Otter” have we hear proved per- 
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Axovut ten months ago (vide page 255 of our twenty- 
second volume) we illustrated and described a pair of dis- 
connecting compound paddle engines for tug-boats con- 
structed by Messrs. Rankin and Blackmore, of Greenock, 
on the plan patented by one of the members of the firm, 
Mr. Daniel Rankin, and we now give on the present and 
opposite page engravings showing the same system ap- 
plied to engines for driving twin screws, the perspective 
view on the present page having been prepared from a 
photograph of a pair of engines lately made by Messrs. 
Rankin and Blackmore for the twin-screw tug-boat 








“ Otter,” belonging to Messrs. John Laird and Sons, 
of Port-Glasgow. The engines of the “ Otter” differ but 
slightly in some points of arrangement from the design 
shown by the other views, and one description will there- 
fore suffice for the whole of our illustrations. 

As in the case of disconnecting paddle engines, the 
complication entailed by the ordinary arrangement of 
two cylinders to each shaft has hitherto deterred the 
owners of twin-screw tug steamers from adopting com- 
pound engines notwithstanding the advantages of these 





engines in other zespects, but by Mr. Rankin’s plan th 





fectly successful, and Messrs. Rankin and Blackmore 
have now other pairs in hand for 
other boats, one pair being of double 
the power of those supplied to the 
** Otter.” Although so far these engines 
have been applied only to tug-boats, 
yet they are undoubtedly applicable 
to larger vessels, and they possess 
advantages which recommend them 
for adoption on board trading steamers, 
one of the chief of these advantages 
being that either engine can be con- 
veniently worked independently in 
case of a breakdown. 


CHILIAN TELEGRAPHY.—Mr. Scott 
Stokes be maperted in favour = = 
racticability o: ying o telegre cal 
9 the men Foy coast of hil, The 
Chilian Minister of the Interior has 
invited an estimate for a cable from 
Lebu to Punta Arenas, touching at 
Corral and Chiloe. 





Gunman Coau.—The production of 
* the Saarbruck coal mines in the first 
five months of this year amounted to 
1,763,000 tons, against 1,845,000 tons in 
the corresponding iod of 1876, show- 
ing a reduction of about 44 cent. in 
the extraction this year. e direction 
= the Saarbruck aT ror — 
the = i raised 
the exten’ of 7d. per ton. 
: WoLvErHAmpTon. — At a recent 
f meeting of the Wolverhampton Town 
nial mea: G. — 9s C.E. 
Great Cros , Was appointed, a 
eer, noo Boe and apt for the borough of Wolver- 
hampton, at a salary of 500/. per annum, in of the 
late Mr. A Morgan, O.E., brother to the Government 
inspector. There were fifty-two applicants for the vacant 
office, and of these, three were se for the cons: 
tion of the council. Mr. Thoms obtained th votes, as 
against six given in favour of the candidate who secured 
the second best measure of support. 1t may be mentioned 

















in connexion with the appointment that a large scheme, 
under the Artisans’ Dwellings Act, which will involve an 
carried out in 


e diture of 162,0001., is about to be 
Waelverbampton. 
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PUMPING ENGINES FOR SYDNEY. © =. St. | ep crerta wiied came to hand in the course of pink, abthea approximate depth of 110 yards. Praise is due 
mining districts pointed toa ble | to the com for their enterprise and 
We give this week a two-page the : ad bef curtailment ¢ & Fog Z but gradually id “impression pr stratification of the lower coal measures of pot atom 


pum engines recently construc 
. “ Company, of Sydney, for the water 


of that city. As many of our readers are no doubt 
aware, the water supply of Sydney is not in a satisfactory 
state, and a number of schemes have, from time to time, 
been put forward forsu rg eye tae gnc bags — 
source of supply; while a few months ago Mr. illiam 
Clark (formerly of Calcutta) went out to New South 
Wales to examine into and report on these various 
schemes with a view to some definite action being decided 
upon. At some future time we shal] probably have oc- 
casion to discuss the various schemes just mentioned, and 
ve an account of the plan ultimately adopted, but for 
§. present wo shall confine our attention to the engines 
we now illustrate. 

These engines, which have been constructed from the 
designs of Mr. Norman Selfe, have not been built in con- 
nexion with any new scheme of water supply, but are 
intended to assist the existing Botany engines, it being 
intended to reduce the head against which the latter 
engines now work, and to employ the new engines for 

umping from an intermediate low-level reservoir at 
oanebesk to the high-level reservoir at Paddington. 
The new engines have been designed to raise 2,000,000 
gallons 100 ft. high in 10 hours, but they are expected 
to do considerably more than this. 

As will be seen from our engravings, the engines are 
of the horizontal, compound, inte:mediate receiver type, 
the cranks being separated by slightly more than a right 
angle. The cylinders are respectively 16 in. and 32 in. 
in diameter, the stroke in both cases being 4 ft. The 
crankshaft is made in two pieces, there being coupling 
dises forged on solid as shown. As will be seen from the 
plan, Fig. 2, each half of the crankshaft runs in three 
bearings, the eccentric being keyed on the shaft between 
the two outer bearings as shown. We fear that so many 
bearings will be somewhat difficult to keep well in line, 
but otherwise the arrangément is very convenient, and 
enables the eccentrics to be well placed. The crossheads 
work in-slipper guides lubricated from below, ag shown 
in the cross section Fig. 5. This section also shows the 
position of the condenser, while Figs. 1, 2, and 6 show 
the mode of driving the air and feed pumps; from these 
latter figures it will be seen that the arrangement of the 
air pump is such that it is at all times readily open to 
inspection. 

The crankshaft carries at its ends a pair of overhung 
flywheels, and from crank-pins on these wheels the pumps 
are driven as shown, The — are double-acting, 
and are 20 in. in diameter with 2 ft. 6 in. stroke, As 
shown by our engravings, they are fixed upon the same 
bedplate as the engine, and they deliver into an air 
vessel situated between them, sluice valves being pro- 
vided for shutting off either pump if required. The 
whole arrangement of the engines and pumps is, as will 
be seen, good and substantial, and the pump valves and 
working parts generally are readily accessible. 

The engin@s are to be supplied with steam at a pres- 
sure of 90lb. per square inch by tubular boilers fixed 
underneath with firnace grates 5 ft. wide and two fire- 
doors to each. The engines and boilers are to be erected 
in a handsome building, the artistic features of which 
have been designed by Mr. Albert Bond, the city 
architect of Sydney. By aletter from New South Wales, 
dated early in March last, we learn that the engines we 
have been describing were then quite completed and 
yeady for erection, and we therefore hope shortly to be 
able to give some account of their performance. 





NOTES FROM THE NORTH. 
; Guasaow, Wednesday. 

. Glasgow Pig-Iron Market.—On Thursday forenoon 
there was a s market, with brisiress done at 54s. 3d. 
cash, also at 54s. to 54s. 4d. one month fixed, closing 
with buyers at 54s. 3d. prompt and 54s, 4d. one month, 
sellers asking 1d. per ton more. The afternoon market 
was quiet, buyers at the close offering 54s. 3d. and sellers 
asking 54s. lid. Friday's market was dull, and prices 
backward, and a decline of 3d. per ton took place usi- 
ness 0; in the forenoon at 54s. 3d. one month and 
54s. 2)d. cash, but prices receded to 54s. 14d. cash, and 
closed with sellers at 54s. 3d. and 54s. 1}d. one month 
and cash respectively, 1jd, per ton less. In the 
afternoon 54s- 1d. cash 548. lid. one month were paid, 
the market closing with buyers at 54s. 14d. cne month and 
54s. cash, sellers very near. The decline over the week 
was 4}d., as port with the prices paid on the preced- 
ing Friday. Monday’s forenoon market was steady, with 
business done at 54s. 1d. and 54s. 1jd. cash, closing with 
buyers still offering the higher price, sellers asking a shade 
more, The afternoon market opened quiet, with prices as 
at the close of the forenoon market. re was more 
firmness forenoon, with business done at 54s. 3d. 
to 54s. 4d. cash, at 54s, 44d. to 54s. 54d. orfe month, 
closing with scllers at 54s. 4d. prompt, buyers offering that 
price with a few days to pay. steadiness continued in 
the afternoon, buyers . Sd. cash and 54s. 44d. one 
month, sellers 14d. per ton more. This forenoon’s market 
was likewise steady, <p = = vers eS 

. 44d. one month, ing wi 
at both prices, sellers asking a shade more. There was a 

i afternoon, and business was done at 

sellers at that price, buyers 





grou 
of wages could not be entertained by the ironmasters, and 
that no serious embarrassment would result even if they 
insisted on in isolated cases. By the end of the week many 
of the men who had left the pits were rted as having 
returned to their work ob the samo ania? w . A fair 


Jigging Machinery.—At the first session of the Cornwall 

L & paper on ‘“‘ Jigging Machinery and its 
ye, to the Dressing of Cornish Ores,’’ was read by 
. R. A. Varden. Mr. Varden said that although jigging 
been asi used in Cornwall, yet it been 


; : had not 

amount of business has been done during the last week or whenever Pre 
ten days in shipping brands; but there is hardly coy overs ‘ be tried. pa me _ 
alteration to quote in the prices of any of them. Iron sti particles of to be suspended for a in ater 
continues to delivered into store, and the total stock ona * arrange nites’e their 
with Messrs. Connal and Co. up to last Friday night was specific vities, during their free fall throes that 
141,687 tons, showing an increase for the week of ain te 4 being repeated ‘at short iohereain 
1520 tons. Owing to the relighting of the which | The on asieve was forced with some violence 
had been blown out at L Iron Works there are now upwards by the motion of a on the waler 
110 blast furnaces in operation, as 116 at the same weyaneath, thas offecboally inging all the particles into 
time last year. Last week’s shipments of pig iron from suspension, and, during their they ome | ‘ieee. 
Se eke ports amounted to 1167 tons, 8 against | selves, the heavier towards the bottom. To insure success- 
9548 tons in the corresponding week of last year. there ful dieci there wees paversl aesentiale. In tho first 
is now an increase of 3333 tons as yountared’ with the ship- jigging, ther have a thorough . ton of the stuff 
ments for the first half of 1876. ‘ delivering it on to the Sachinng Eieonilly. an ade- 

New Bridge at Ayr.—On Monday ing the “‘ New | quate length and number of plunger strokes ; thirdly, a 
Brig’’ of Ayr—Burns’; ‘‘ New Brig’’—which fell into a | suitable motion of the plunger ; » & proper depth 
dilapidated state some months ago, was for | and size of the bedding; and fifthly, water. The 
trae, and the Ayr Bridge Act, which recstved the seyal hich should be left om the sieve, had the greatest 
assent last week, came into operation by the of on the working of the jiaser, yet it was impossible 
the temporary bridge. A new structure is to be built in rule for its regulation. A mix- 


room of the condemned bridge. It is to consist of five 
arches, as at present, and is to be ievel, or nearly so, 

considerably wider than the bridge about to be removed. 
The new bridge is to be entirely of stone, and offers 


are being received for a freestone bridge, and alterna- , 80 extensively used 





tively for a freestone be = with granite facings. The , would, hought, scarcely be able 
plans have been prepared by Mr. George ingham, | to hold its own much longer. The jigger at West Chiverton 
of the firm of Messrs. Blyth and Cunningham, C.E., possessed the qualities of simplicity, ch Ss, gee 

machi at est 


burgh. 

Clyde Shipbuilding Trade.—Last month’s launches on 
the Clyde were seventeen in number, but the vessels them- 
selves, in nearly all cases, much below the average size, 
and thus the total tonnage of the shipping launched was 9 


ciency. The arrangement of 

Chiverton was quite worthy of special attention. During 

the whole of the process, from the time that the stuff was 

into the crusher until leaving the jigger, it was not 
ed by hand. He believed that containing but 
cent. of lead or blende could pe wockene profit. 


very much under the average. Of course, that result is og 

largely owing to the lock-out, which affects probably three- | The cost of this jigger was about 351. machine 
fourths of the on the Clyde. Gap chile veuin wee worked with 140 strokes per minute, with a length of 1 in. 
eee the Union Cape tol}in. The sieves were set in with a fleet of Lin. The 
Mail Line, and with that exception there was no steamer uel er was furnished with three sieves, each cing & 
among the vessels launched of morethan 1150 tons. There | {i Se ee ee one 
Serer ee a ietlcd Sr week, encac. | with a little copper end mundic. On leaving the last sieve, 


Several yards are very well filled with work, y 
senre enars ae the 
Cure, ey Co., caliies ey and Co. Me and Brothers, | conducted into the slime classifier, the coarser matter falling 
There is no appearance of the lock-out coming to a ter- through the plug at the bottom, and the finer flowing off 
mination, but rig toh tha afer the apse of » coupe | rou the nes the 2p is each can launder beng 
of weeks or so, when the summer holidays are over, some - _— 
sosenssfel itemps may bo tendo to BEND Die SusMeOOREEE Desens, oft werk ai Went Teiges cal licinneer 
and their workmen urposes evising > = } ~s 
a scheme for getting out of the yucoeal deadlock. mg ag merge poe poe | may dey highly —_ 
ry, ms 0} co over in ten 
hours at a verysmall cost. The advantages of jigging 
might be summed up as economy, expendition, the produc- 
tion of a better quality of stuff, and less waste. As proof 
of these advantages, he pointed to West Chiverton, where 
the cost per month of working 1600 tons, including crush- 
ing, sizing, jigging, and washing, amounted to about 501. 








NOTES FROM THE SOUTH-WEST. 

The Swansea Tramway Company.— The Swansea 
Tramway Company has given an order to the Hughes 
Locomotive and Tramway Engine Works Company 
(Limited) for six of their patent engines, for the portion 
of the system running between Swansea and the Mumbles. 


Labour in Wales.—The men employed at the Plymouth 
and Abernant Collieries gave notice on Saturday of a 
cessation of work at the end of the month under the 10 per 
cent. reduction, and at the same time they received notice 
that all contracts would terminate on the 3lst inst. Messrs. 
Brogden’s notice of a 10 per cent. reduction at the Bwllga 
Colliery, which should fowa expired on Saturday, was 
withdrawn, and work will be continued on the old scale. 
At a meeting of the Mountain Ash colliers the promise of 
the men to devote 10 per cent. of their earnings towards 
the support of the Plymouth and Abernant workmen in 
resisting a reduction has been considered. The above- 

and men at the Navigation and Deep Duffryn Collieries 
ve determined not to work the long hours, and went out, 
according to notice, on Saturday. 

The Cardiff Masons.—On Friday evening the Cardiff 
Master Builders’ Association resolved to concede to the 
operative masons, who are now out on strike, an increase 
of 4d. per hour in the wage-rate, on condition that the old 
code of rules remains intact, with the exception of that rule 
relating to the wage-rate. 


Newport Alewandra Docks.—There is a probability of an 
exceedingly costly lawsuit in co uence of what is con- 
sidered to be an excessive rating of the Newport Alexandra 
Docks and {the property belonging to the dock company. 
From a rateable value of about 35001. the assessment com- 
mittee made an advance to 12,0001. Seeing the error in 
judgment which they made, the committee reduced the 
amount to 95001. It is stated that the company were dis- 
posed to concur in an increased rateable value to the extent 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Great depression still 
characterises the pig iron trade, and the tendency is appa- 
rently still downwards. At least this is the opinion of the 
léading merchants who are endeavouring to “‘ bear’ the 
market, so as to place the shipping orders they have in their 
possession on terms more favourable to themselves. The 
quarterly meeting will be held here next Tuesday, but this 
has no effect in limiting the business done this week, 
neither has the adoption of the new terms of payment, 
which apply equally to consumers as to merchants. The 
small jobbers are ons greatly of this new move of 
the ironmasters, for having little capital to work with, 
they cannot of course pay cash before the iron is delivered, 
as sellers require. Merchants in a large way of business 
and with plenty of capital embarked in their business, are 
quite agreeable that the change should be made, but they 
want an allowance for paying cash down. The quotations 
this week are about the same as those prevailing at the date 
of our last report, viz., 40s. 6d. for No. 3G.M.B. and 39s. 
for grey forge, cash on Monday following delivery of iron. 


The Wages Question in the Finished Iron Trade.—The 
masters have modified| their demands, finding that the 
men decidedly objected to have one set of men reduced 
more than another. The reduction claimed is now 10 per 
cent. all round. Ata meeting of the Board of Arbitration, 
Mr. David Dale, of Darlington, was chosen sole arbitrator. 
The men are averse to _ reduction at all being made ; 
they say the state of trade does not justify it, and that as it 


of double the former rating, amounting to 70001. Higher | is they cannot get the common necessaries of life. They 
than this they will not go, unless the law courts should | are seriously nemeten the question of assisting the best 
saddle upon them a higher sum. workmen to leave the country for New South Wales if a 

reduction is decreed, and they propose to devote a portion 


Swansea.—Coal ex; 
increased, and a li more animation 


during the week have somewhat 
g Se. is Pa 
fuel shipments for the week have been under the average, 


tent | of the funds of their association to this purpose. 
Jrennteae ey ironfounders in the Cleveland 


consisting of 2500 tons, 2000 tons by Messrs. Cory, Yeo, | dis: are badly off, but chair founders, though not 
and Co., and 500 tons by the ‘Aberdare. Merthyr tent | receiving so many new orders, are fairly well employed. 
Fuel Company. The general trade of the harbour shows | Pipe founders manage to keep steadily going. 

signs of returning animation. The Coal and Coke Trades the advent of the 


Garn Valley.—It is ifying to learn that a pit which, 
is bei fm by the “Fiala Bioe Colliery Compan, 
Garn Valley, has intersected the supposed 6 ft. seam of 
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NGINES FOR THE SYDNEY WATERWORKS. 


CompANY, SYDNEY; FROM THE DESIGNS OF MR. NORMAN SELFE. 
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to indicate that, as far as naval strategy is con-|this nucleus there have émanated kindred establish- 
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THE GOVERNMENT AND SCIENTIFIC 
RESEARCH. 

THE important position that science holds in the 

national welfare of a great country—a position which 


has for many years past been recognised in the admi-. 


nistratiye systems of the two great cultured nations 
of the Continent, as well as in the United States of 
America, has in this country been slowly and surely 
forcing itself upon the minds of the people, and 
through them has asserted its claim to be recognised 
by the rulers of the land. There can be no 
doubt that the first impulse of this movement 
was giyen by the establishment of international 
exhibitions, especially by the first two, viz., that 
held in Hyde Park in 1851, and that held in 
the Champs Elysées in 1855. But the arts of 
peace did not stand alone in bringing about this 
great result. The Crimean War in 1854, the Civil 
War in the United States in 1862, and the great 
Franco-German conflict in 1870, each and all gaye 
evidence of the vital importance of science to the 
arts of war, and each produced a revolution in one 
or another branch of naval or military tactics, and 
affected indirectly, but none the less surely, the 
great industries of the country. 
The experience of the Crimea taught the nations 
the uselessness of ‘‘ wooden walls,” and the im- 
ortance of rifled cannon, and of ordnance of 
ong range and precision. The American gle 
set the world reconstructing its navies, sendi 
the boasted Warrior and La Gloire to the lists o 
obsolete battle ships, and substituting in their 
ay the monitors and turret ships of modern fleets. 
e great Continental war of 1870 brought into 
prominence the vital importance of unerring geo- 
graphical and statistical knowledge, and a perfect 
system of railway working. And the opening scenes 
of the quarrel now raging in Eastern eae seem 


cerned, torpedo warfare will take a prominent and 
hitherto unrivalled position in offensive and de. 
fensive operations afloat. 

In our naval and military schools the national 
importance of science in the arts of war has alwa: 
been recognised, and is every year more keenly felt, 
receiving a special impulse from the experience 
taught by every great war; but the value of science 
in peaceful arts has till lately been officially 
ignored and has depended almost entirely upon 
private enterprise or individual munificence for sup- 
port. ‘The establishment of the railway system 
and the adoption of armour-plated ships gave an 
enormous stimulus to the iron and steel manufacture, 
and that in its turn brought into prominence the im- 
portance of a knowledge of the sciences of geology, 
of metallurgy, of chemistry, and of that combina- 
tion of so many branches of human knowledge which 
is known as the art of engineering. Thus the re- 
quirements of both peace and war made calls upon 
the productive interests of the country, and, in 
dbnloeing them, advanced the position of both 
technical and abstract science, 

It may truly be said that the most prominent 
characteristic of the present time is that it is an age 
of competition. Competition seems to be the per- 
vading spirit of the times, It rules the actions of 
individuals, of business firms, of families, of town- 
ships, of governments, of nations, and the absolute 
importance to each and all, for very existence, not 
cals to compete but to excel, necessitates on the 
part of competitors, whether individual or adminis- 
trative, the search for and appropriation of every- 
thing, whether it be knowledge, or art, or influence 
by which they may possess some advantage over 
their fellows. : 

The time is not far back when almost every 
branch of engineering in this country was carried on 
by the ‘rule of thumb.” Manufacturers achieved 
their successes through the warnings caused by many 
failures, and technical education as such was un- 
known. Even the great industries depending upon 
chemistry were conducted by precedent rather than 
by &cience, and it would be difficult to find, even 
among those manufactures for which this country 
has become famous, a branch of industry in which the 
instinct of groping in the: dark along a beaten track 
was not preferred to the reasoning intelligence which 
made use of the daylight of science, and allowed it 
to indicate the shortest.road. 

As long as centres of industry within one country, 
or the manufacturers of different nations, remained 
unthrown into competition, great things were done, 
and it can not be forgotten that, in this country 
at least, the golden age of engineering was that in 
which the *‘rule of thumb” was everything and 
science was but little invoked. The advocates of 
practice and the advocates of theory were drawn up 
in opposition camps (as if true theory and correct 
practical experience could ever be opposed ‘to one 
another), and the advantage was so far on the side 
of the practical men, that while the theorists con- 
tented ves with forming ideas of how things 
ought to be done the practical men did them, and 
amassed to themselves great names and fortunes, 

The establishment of the railway system, however, 
and the development of steam navigation, brought 
townsjand countries, and indeed the ends of the world, 
very near together and into close competition ; 
then came the international exhibitions in which the 
manufactures of different makers and the indus- 
trial products of various nations were brought side 
by side, showing up the excellence of some and the 
defects of others, and sending all back to their 
homes with fresh ideas, and with determinations 
not to be outdone when another international com- 
petition should* arise. Thus the advantages of 
technical, knowledge which the Continental nations 
possessed were brought home to the minds of the 
manufacturers of this country, and the demand for 
technical education then established has continued 
to gain ground, until making itself heard throughout 
the length and the breadth of the country, it forced 
itself upon the attention of the ruling Government. 
The direct result was the establi t of the 
Science and Art D ent of the Committee of 
Council on Education and of the National Museum 
at South Kioaing§on, which, after struggling for 
years through a slough of red tape and flunkeyism, 
is settling down into an incalculable benefit to the 
country and a nucleus of scientific and esthetic edu- 
cation without which no nation can call itself cul- 
tured nor can enter with any hope of success into 





competition with countries that possess it. From 





ments at Dublin and in other large centres of in- 
dustry, and properly qualified science teachers are 
sent out all over the country for the dissemination 
of scientific and technical knowledge through the in- 
strumentality of classes and lectures, the admission 
to which is by a merely nominal fee. 

But while the necessity to the country of technical 
knowledge was ar ps the value of pure abstract 
science was entirely ignored until about six-and- 
twenty years.ago, when an annual grant of 1000/. 
was e to the Royal Society to be distributed at 
the discretion of that body to individual workers for 
the purpose of defraying the expenses of instruments 
and apparatus ni to their researches. 

This was a grand step in the right direction ; and 
a memorable day for Science in this country was 
marked when its claim to official support was recog- 
nised, But so smallasum was quite incommen- 
surate with the importance of the objects it was 
intended to promote, and thanks to the persistent 
representations of the British Association as a ew 
and to the untiring perseverance of the lat 
Colonel pong as an individual, the Government 
went a step further, and in 1870 the Duke of 
Devonshire’s Commission on Science was appointed. 

The direct result of the report of that Commis- 
sion took shape rather more than a year agoin a 
letter from the Duke of Richmond and Gordon As 
his official capacity of Lord President of the 
Council) to the President of the Royal Society, in 
which Her Majesty’s Government offered to increase 
the annual grant for the promotion of scientific 
research from 1000/, as heretofore to 5000/., vesting 
the administration and expenditure of the same in 
the Science and Art Department of the Committee 
of Council on Education, who would, with the advice 
and assistance of a Government Grant Committee, 
consisting of the President and Council of the 
Royal Society, and the Presidents of the follow- 
ing societies who would, during the term of office, 
be ex oficio members of the Committee: 
Royal iety of Edinburgh, the Royal Irish 
Academy, the Royal Astronomical Society, the 
Mathematical Society, the Chemical Society, “the 
Linnwan Society, the Zoological Society, the Geo- 
logical Society, the Physical Society, the Institution 
of Civil Engineers, the Institution of Mechanical 
Engineers, the General Council of Medical’ Educa- 
tion and Registration of the United tg Sea the 
Royal College of Physicians, the Royal College of 
Surgeons, and the British Association. 

After a short correspondence, between the Govern- 
ment and the Council of the Royal Society, it was 
ultimately agreed that the administration and objects 
of the original grant of 1000/7.’ should remain 
exactly as before, and that a further annual grant 
of 40007, should be given under wider and more 
liberal adininistration.. It was not, like the original 
grant, to be limitéed in its ae to the supply 
of instruments and materials, ‘but'a portion of it 
was to be devoted to personal payments as remu- 
neration for services rendered by scientific men in 
devoting their valuable time to the prosecution’ of 
original research. "a 

tis this broader ‘adthinistration of the national 
grant that will give to it its great practical value, 
and to which the country must look for its equivalent 
return. It will indncé the ‘services of a larger 
number of eminent investigators whose time is of 
the highest value, and whose ‘means do not permit 
them to expend it gratuitously, notwithstanding 
ac? dat ove * science for on sake. corse 

regard to the non-perso yments whic 

are to defray the cost of Piiteratiid, teatirigle and 
assistants, it is stipulated that-instruments purchased 
under the ‘grant shall be the property of the Com- 
mittee of‘ Council on Education, and-are to be de- 
livered to the Science and Art Department when the 
researches for which they were purchased are com- 
plete, This will in process of time form a national 
collection of scientific apparatus available for future 
investigation, for educational p as @ museum, 
and as an illustration in future times of the history of, 
let ag an important period of philosophical re- 


sea 
On Ege 5 epg last — satvarte in 
list of sums to id during the present year 
Government Grant Committee, which ke the first 
ax hay dr under the new arrangement. This list has 
drawn up by the Committee after having been 
duly considered by the three sub-committees (phy- 
sical, chemical, and biological), who have had to 
weigh the innumerable claims put forward for a share 
of the benefits of the fund, and to make a report to 
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the General Committee to whom the administration 
of the t was practically entrusted. 

We feel confident that neither the Government 
nor the public need be under any apprehension as 
to the administration of the grant or the nares 
to which the money will be applied. That will be 
in safe hands in the above-named Committee, whose 
members, representing every branch of scientific 
knowledge, will be a sufficient guarantee that no un- 
due prominence will be given to one branch over the 
others. To the Committee may also be confidentl 
entrusted the task of discriminating between real, 
substantial, and scientific claims for - $4 and 
others (of which there will necessarily be a large 
majority) which have no such recommendations. 
We have every confidence that a Committee, con- 
stituted as it is, and under so grave a responsibility 
both to the Government and the public on one hand 
and to the advancement of science on the other, will 
be very careful to exercise a wise discretion in the 
matter; and, among the many claimants to the benefits 
of the grant, they will admit only those who have 
already done work of sufficient originality and im- 
portance to entitle them to it. 

It is with re to the ssion and publication 
of the results that both the general and scientific 
public will be anxious for information, and this 
does nor appear to have been considered in the cor- 
respondence to which we have referred between the 
Government and the a Society—except that 
‘‘ my lords” will desire to have laid before them from 
time to time general reports of progress for the pur- 
pose of enabling them to judge of the desirability, 
or otherwise, of a continuation of the grant. It is 
of the utmost importance not only that the results 
of researches carried on or assisted at the Govern- 
ment expense should become national property, but 
that the published reports of such researches should 
be easily accessible to the public. 

It will not be sufficient for them to be published in 
the Transactions of the Royal Society, or of any 
other scientific body, nor would it be expedient for 
them to be published with no more official guarantee 
than in the pages of the scientific press. It is 
obviously the duty of the Science and Art Depart- 
ment of the Committee of Council on Education to 
undertake the ‘publication of these results; and, in 
order to render them a widely useful as possible 
they might be issued as as series of illustrated blue. 
books written or revised by the authors of the dif- 
ferent researches, and published with as little delay 
as ible at a moderate price. 

hen we consider the equipment and despatch of 
the Challenger and Arctic e itions, and the 
substantial support to scientific investigation which 
the British Government has inaugurated in the recent 
fourfold extension of the grant for science purposes, 
we cannot but see a new era dawning upon Science 
in this coufitry, and we venture to hope with some 
confidence that this action of the Government may 
be productive of such important additions to national 
improvement that further official concessions will 
be made, and that Science may ultimately be placed 
on such a basis that the country which gave birth 
to Newton, to Brewster, to Dalton, and to Faraday, 
may hold its own among the scientific nations of the 
world. 


CONTINUOUS RAILWAY BRAKES. 

WE recently (see page 405 of our last volume) 
ublished the result of an official trial upon the 
orth-Eastern Railway with the Westinghouse 
automatic brake, when a train consisting of an 
engine, tender, and twelve vehicles was run be- 
tween Newcastle and Tweedmouth, It will be re- 
membered that the duty performed by the brake 
was remarkably , better indeed than has been 
ever before recorded, but the North-Eastern Rail- 
way Company, not contented with experimenting 
only with one system, wisely gave every opportunity 
to the vacuum brake, and a series of S was ac- 
cordingly carried out on June 20 with a train fitted 
with this system, and on which the representatives 
of the vacuum brake had, like Mr. Westinghouse 
with the automatic, done all in their power to ob- 
tain the best ible results. And the results were 
extremely satisfactory as the following report of the 
trial will show, and prove conclusively how much 
may be done—apart from the system of brake 
power employed—in properly fitting the brakes, 
applying two blocks to each wheel, and other de- 
tails, which apply not only to a period of experi- 

ment but to the working practice of every day. 
In order that the tral with the vacuum brake 





trial of the automatic, the train was taken, and the 
stops made, over the same piece of line between 
Newcastle and Tweedmiouth. Moreover, the train 
was made up to correspond exactly with the 
previous one, the engine, number and weight of 
carriages, and proportion of weight braked, being 
precisely the same as it was for the Westinghouse 
train. 

It should be remarked too that this trial was the 
first important one, so far as we know, in which 
the vacuum brake was made to depend upon itself, 
without the assistance Be os in the van. We 
have frequently depre the use of these clumsy 
auxiliaries at brake trials, pointing out that, not 
being used in practice, the results obtained with 
them and the vacuum brake, were not representative 
of the actual capability of the latter, and gave no 
reliable information as to what could be expected 
of it in daily working. 

The experimental train was made up as follows : 
Engine ; one of the standard type of North-Eastern 
express engines, with four-coupled wheels 7 ft. in 
diameter, and cylinders 17 in. in diameter, and 
24in. stroke, the weight with tender being 66 tons 
6 cwt. Vehicles; nine carmages and three vans, 
weighing in all 103 tons 14 cwt., and making the 
total weight of train 170 tons. Brakes were 
on to 152 tons, or 89.5 per cent. of the whole. 
The vacuum was produced by two ejectors on the 
engine, and, as already stated, no auxiliary means 
of putting on the brakes were introduced. Two 
cast-iron brake blocks were fitted to each wheel, 
and were thrown on by means of a vertical rubber 
bag beneath each carriage. Blocks were not 
applied to the leading wheels of the engine, nor to 





the wheels of the experimental van, but as during 


on the wheels was in each case adjusted to be about 
equal to that on the automatic train. In short, 
in every detail, Mr. Fletcher arranged that the 
trials should be strictly competitive, by having the 
conditions exactly the same for each. Finally, we 
may add that the weather was extremely favourable 
for making the trial. 

The experiments, which were conducted officially, 
were controlled from the experimental van, where 
the operator indicated, by an electric bell, the mo- 
ment when the driver should shut off steam 
and apply the brakes, he at the same time signal- 
ling back tothe van. The distances runin making 
the stops were recorded by means of a Schaffer 
and Budenberg counter, mounted on the unbraked 
axle of the experimental van, and set in motion 
simultaneously with the signal from the driver. 
The accuracy of the instrument had been carefully 
tested before the trial, but it was now again proved 
by moving the train forward over a given distance 
first at a very slow pace, when it was found to 
be exactly right; afterwards at a high speed, when 
an error of 2 per cent. declared itself, and, finally, 
it was tested with the brakes on, when the record 
was again good. It was evident, however, that 
while for efficiency and completeness it could not 
be compared with the speed indicator of Mr. West- 
inghouse, yet as a distance recorder it was accurate. 

The performance of the brake on twelve stops was 
noted during the experiments; three of these, 
however, are open to doubt owing to the counter 
not having been properly managed; they are 
marked ‘ doubtful” in the Table. Besides the 
results obtained on this occasion, we append those 
deduced from the automatic trial over the same 
ground during the previous month. 


CoMPARATIVE TRIALS ON THE NORTH-EASTERN RAILWAY BETWEEN THE SMITH VACUUM.AND THE 
WESTINGHOUSE AUTOMATIC BRAKES. ’ 
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Average excess of distance run by vacuum train, 257 ft. 





The counter was tested on this stop. 


¥ In obtaining this average 
the Westinghouse trial, one pair of wheels of this 
blocks was applied to the correspondin 





should be really a competitive one with the previous 





wheels, The pressure exerted by the b: 


will be found on page c ¢ 
and may therefore be omitted from this comparative Table, as 
of similar stops being made with it. 
+ The stops thus mar 
neously with the application of the brakes. 
This stop was made with steam kept on. 


# On the occasion of the Westinghouse trial, other stops were made than those recorded above. Particulars of these 
405 of our last volume, They comprised stops made by the rear guard, and automatically, 


the nature of the vacuum brake does not permit 


must be considered doubtful, owing to the fact that the counter was not started simulta- 


| In this stop, the brakes were not applied until after the indicator was started, the result recorded being 100 ft. in 
excess of the actual distance run after the brakes were on. 
i those distances marked ‘‘ doubtful”’ are omitted. 


These trials are of especial interest and value as 


vehicle were fitted, a hand brake actuating wooden | proving wage | the comparative efficiency of the 
pair of | two systems. { e 
e blocks | be said on the question in the way of discussion, 


ey in fact leave nothing more to 
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and they demonstrate more clearly than any series 
of experiments have done before, what we have 
always maintained, that the great defect of the 
vacuum brake in stopping a train, lies in its com- 
parative slowness of action. The average distance 
run by the vacuum train on this occasion, with the 
speeds actually made, reduced to 50 miles an hour, 
was 257 ft. in excess of that shown by the auto- 
matic train, the doubtful stops of the former series 
being thrown out of consideration, The action of 
the two brakes when in full operation has been 
shown to be equal, and the 257 ft. would thus be 
traversed by the train at the full speed of 50 miles an 
hour. This is also proved by referring to the times 
taken in stopping. One of the stops made by the 
Westinghouse train from a speed of 50 miles an 
hour was 15 seconds, and the reliable stop made by 
the vacuum train from 51 miles was 184 seconds. At 
50 miles an hour a train runs 73.3 ft. per second, and 
73.3 x 3.8=256.5 ft., corresponding exactly to the 
average excess deduced from ten runs at various 
speeds made by each of the two trains. It follows 
from this that 3.5 seconds are lost by the vacuum 
brake before it begins to come into operation, and 
this with aspeed of 50 miles an hour, means that the 
train is entirely out of control while running over a 
distance in which it is in the Pere: of the Westing- 
house brake materially to diminish the speed, as 
was shown by the experiments on the North British 
Railway, as well as on the more recent trials above 
recorded, and the evil effect of this delay is felt 
throughout the whole stop. On page 250 of our last 
volume we recorded the results of some experiments 
made with the vaguum brake on the Midland Railway, 
and pointed out that these results, differing so widely 
as they did from all other reliable ones obtained at 
previous trials, could scarcely be depended upon as 
accurate. The cause of this uncertainty lay in the 
imperfect means adopted to obtain the distances 
actually run by the train, from the moment the brake 
was applied, and the trials, moreover, were not re- 
presentative because the auxiliary brake vans were 
employed. This latter objection also holds good for 
the standard Newark and North British trials, those 
on the North-Eastern being the only ones on which 
the vacuum brake stood on its own merits. When we 
find how closely these latter experiments correspond 
relatively with the previous standard trials, we are 
more strongly convinced of the justice of our 
criticism of the Midland Railway experiment, that 
these latter must be thrown out as untrustworthy 
for the reason given above. 

We are not likely to see much better performances 
either with the Westinghouse or the vacuum systems 
than those obtained on the North-Eastern. Both 
have, we believe, practically reached the limit of their 
capacity. Both when in action are equally efficient 
in arresting a train (we do not speak of other func- 
tions to which the vacuum system does not pretend, 
but which the automatic can always be relied upon 
to perform) and both have gradually quickened up 
their power of stopping. But the initial difference 
remains and always must remain constant, and it is 
in this (as regards stopping ce! where the 
automatic takes so marked a lead, Of course, as 
regards the other requirements of a perfect con- 
tinuous brake, comparison between the two systems 
can scarcely be made. 

The thanks of every one interested in this ques- 
tion, and practically every individual throughout 
the country is interested, are especially due to. Mr. 
Fletcher for the completeness and careful accuracy 
of these trials, and that the representatives both of 
the Vacuum and the Automatic systems, expressed 
themselves in the highest terms on the manner in 
which the trials were conducted, affords the 
best possible proof that the public may accept them 
without question. ‘ 

In connexion with this subject we may call at- 
tention to a pamphlet recently published under the 
title of Continuous Railway Brakes, addressed to 
Sir Charles Adderley by ‘‘A Frequent Railway 
Traveller,” who discusses the question from a public 
point of view and with much soundness of judgment. 
He points out with truth that to a great extent the 
slowness and uncertainty which in this country at- 
tend the great and necessary change from the rude 
appliances adapted for the early days of slow 
railway travelling, to those adequate for the 
control of high speed trains, is due to the position 
assumed by the locomotive superintendents of the 
various railway companies. He ascribes this to 
the reluctance they feel to assume the respon- 
sibility of recommending the application of any 
special system upon their respective lines, while 








they ignore the greater responsibility they incur 
by having no appliance in the meantime, to the 
great danger of the public. He questions whether 
the thirty locomotive superintendents, more or less, 
have em themselves by complete experiment, 
by full discussion, or by exhaustive inquiry into all 
the requirements of traffic, for bearing all the enor. 
mous load of responsibility which must attach to 
their practical rejection of contrivances which are 
known to be eminently conducive to the public 
safety, and he maintains that if, for some reason 
or other, these superintendents reject such well- 
known appliances, they should be called upon 
to devise something equally good, not only in the 
opinion of interested persons, but also when tried 
by fair tests for power and efficiency. He points 
out that while the counsels of Captain Tyler do not, 
as a private individual, carry so much influence as 
when he occupied his official position, his long and 
varied experience and his intimate saeeainnde with 
the requirements of train - controlling apparatus, 
should lend the greatest weight to his conclusions 
and suggestions. The names of some few locomotive 
superintendents must not be included in the sweep- 
ing criticism above referred to, for while it is certain 
that some are undecided, and probably that others 
are swayed by opposing interests, many are 
making the most determined effort in the right 
direction. For our part we cannot see what further 
experiments can add to our knowledge on the 
subject. In America, in this country, in Belgium, 
long and extensive experience points out the Auto- 
matic as the only one fulfilling all the requirements 
of an efficient continuous brake; it may be more 
costly in its first application, but first cost is not a 
matter toset against security tolife and property, and 
at some future time it may and probably will be 
replaced by another and more efficient appliance, 
but the force of public opinion would be too strongly 
expressed to allow locomotive superintendents to 
wait for that indefinite period, and do nothing 
meanwhile except increase rates of speedand multi- 
ply infinitely chances of danger. 

Almost at the time of writing the foregoing, an 
alarming accident occurred upon the Midland Rail- 
way, the circumstances of which bear directly upon 
the question of continuous brakes. A new express 
train between London and Perth has been placed 
upon the line. This train in coming from Carlisle 
to London passes over the points connecting the 
main line with the Ambergate branch, near Sheffield, 
Shortly after 5 o’clock on Wednesday morning last, 
when running over these points at a speed of about 
60 miles an hour, the rear van and two adjoining 
carriages left the rails, and were dragged over the 
ballast for a considerable distance—about a quarter 
of a mile—when fortunately the foremost of the 
twocarriages mounted the rails. The couplings, 
however, between it and the other two vehicles 
broke ; the van after continuing a short distance 
fell over an embankment, and the carriage, which 
by accident was empty, ran on some 6) yards 
further and then in its turn was precipitated down 
another steep bank. The guard in the van was very 
seriously injured, and the passengers in the fore- 
most carriage severely shaken. Here is an instance 
in which a train is allowed to run at a maximum 
rate of speed without any means of control except 
the hand brakes, which are absolutely useless in 
such an emergency as that described, for before their 
absurdly inadequate arresting power can be put 
in action, the mischief occurs, Such an accident 
would have been absolutely impossible had this 
train been fitted with the automatic brake. It 
would have been stopped long before the couplings 
parted, and if these had not held as they did, their 
parting would; have thrown on the brakes and pre- 
vented thecarriage from falling overthe embankment, 

It is almost incredible that on the Midland Rail- 
way the lives of passengers should be thus en- 
dangered. We say almost incredible, because Mr. 
Johnson, the locomotive superintendent of that 
line, has had a long and constant experience of the 
entire efficiency of the automatic brake upon this 
very Scotch express service. He has seen. at least 
in one instance what would, but for it, have 
been an accident attended by great loss of life, 
reduced into an insignificant casualty. He knows 
that this brake supplies a perfect control over 
these high trains, and in the face of all 
this knowl and experience it will be asked 
why he permitted an important and high-s 
train to be run without it. Itis true, we believe 
that the automatic brake was about to be fitted 
upon this same train, but this would appear to make 








the blame all the greater, because it proves Mr, 
Johnson’s thorough appreciation of the system and 
his conviction its necessity upon the express 
service. It was only by a happy accident that’ no 
fatal result followed, but does not in an 
manner reduce the responsibility that must at 
itself to that officer of the company, who sanctions 
the working of an express train without applying 
those means of controlling it, the efficiency and 
value of which he thoroughly knows by daily ex- 
perience. 


THE PATENT OFFICE SALE ROOM. 

WE have had so often of late to criticise the 
administration of the Patent Office, that we really 
have pleasure in drawing attention to the improved 
arrangements that have recently been made in the 
sale department of that office. Those who have had 
occasion to purchase copies of the printed specifica- 
tions will. remember the dingy and inconvenient 
little room where the buyer had to wait while a 
clerk picked out his specifications from what was 
ym chaotic pile of these documents ran 
along the wall of a long passage through which a 
constant traffic was proceeding. All this has now 
been changed, This part of the office has been 
transferred from the buildings in Chancery-lane to 
a much more convenient office in Cursitor-street, 
where the store department of the Patent Office 
has been located for some years. By a few 
judicious alterations, a part of the warehouse 
has been converted into a suitable office, and what 
is more important, the whole work has been 
thoroughly systematised. A clerk at one counter 
takes the order and passes it to a messenger, who 
brings the specifications required. These are verified 
by the customer, who pays his money at another 
counter, and receives a stamped receipt, which he 
exchanges for his specifications. Thus the public 
convenience is consulted, and an efficient check pro- 
vided on all the clerks concerned. Under the old 
system this did not exist, and the honesty of the 
officials was in practice the only safeguard. The 
whole stock of specifications has, we understand, 
been gone over and re-arranged. The present 
sale stock consists of 936,615 specifications from 
A.D. 1617 to December, 1876, and occupies 1423 
yards of shelving, the whole being arranged on 
the upper floors of the warehouse, so that any 
one being given the key to the arrangement 
can in a few minutes find any number he re- 
quires. The present reserve stock amounts to 
200 tons, these being stowed away separately. Of the 
older specifications five copies of each have been 
preserved, and of the more recent ten, the full 
edition of all those in force being of course kept. 
It is needless to say that we consider the destruction 
of old specifications a misjudged step, but it is 
satisfactory to see that a proper use has been made 
of the space gained, though that space-could as 
easily have been obtained by stowing away super- 
fluous copies as by pulping them. e hope, how- 
ever, that the spirit of reform shown by these new 
arrangements will continue, and that for instance 
the Commissioners may see their way to recalling 
their recent rule about not reprinting the specifica- 
tions of lapsed patents. We can assure them they 
will find a liberal policy answer best, and that the 
more they consult the convenience of the public the 
faster will both the reputation and the revenue of 
their office increase. 








THE CAXTON CELEBRATION. 

On Saturday last an exhibition of books and 
printing matériel—ancient and modern—which has 
been formed to commemorate the 460th anniver- 
sary of the production of the first printed book in 
England by Caxton, was opened by the Right 
Hon, W. E, Gladstone. The exhibition is bein 
held in the western galleries of the permanent build- 
ings at South Kensington, the books being in the 
upper gallery and the machinery on the ground 
floor. Ofcourse the most interesting objects in the 
exhibition are specimens of works from Caxton’s 
own press, and of these no less than 192 examples 
have been contributed, representing more than 80 
distinct works. Among the contributors to this 
unique collection of Caxton’s works are Her Ma- 
jesty the Queen, the Duke of Devonshire, the Arch- 

ishop of Canterbury, Earl Beauchamp, the Marquis 
of bury, the Earl of Leicester, the Earl of 
Jersey, the Universities of Oxford, Cambridge, 
Gottingen, and Ghent, the Bodleian Library, Sion 
College, and others. The collection includes auto- 
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hs, ta, and other mementoes of celebrated ’ 
po ome) tod praies English and foreign, specimens | creases the power of production. 
y; 


chromo-lithography, book illustra- 


of lithogra’ 
: specimens of early news- 


tions, and music printing ; 


apers and of Bank of England notes from the year 


799. The exhibition was originated by 
the secretary of the Printer’s Pension, Almshouse, 


and han Asylim C 
the celebration are to be devoted to the institution, 


It may be interesting here to mention that in a life 
- Blades, just published, it is 


of Caxton by Mr. 
stated that the sign of his office (which was not in 
the Abbey as is generally supposed, but within the 
Alm of Westminster) was not the Red Pole, 
but the Pale. This was one of the heraldic 

mbols used by the printers of Bruges, as was also 

e Black Pale, which was sometimes used. 


In the machinery department a number of print- | figures 


ing presses and other apparatus have been brought 
together. But although much has been done, very 
much more might have been accomplished in this 
direction, The opportunity was afforded and ample 
space was at command to have made the exhibition 
much more widely representative of the art of 
printing thanitis. There are many intonpating pee 
cesses in connexion with the production of books 
and periodicals illustrative of refined taste and high 
art which might have graced the exhibition, and 
have told their tale of the progress that not only 
four centuries, but even the last few years have 
witnessed. As it is, however, the opportunity has 
not been fully taken advantage of, and what we have 
is a scant collection of machines and processes which, 
although interesting, are in some patent respects 
made to subserve trade purposes rather than to 
dignify by their presence an exhibition in honour of 
the founder in England of one of the noblest arts 
the world ever saw p a 

Turning to the exhibition as itis, and commencin 
with the first requisite for the production of a boo 
—namely, paper—we find Messrs, Portal, of the 
Laverstoke Mills, Micheldever, manufacturing paper 
in the same way that it was made in 1650, nearly 
230 yearssince. The tub of pulp or “‘ stuff” and the 
—o are practically within arm’s length of 
each otherand of the operator, who of course produces 
the paper wholly by hand with a mould and deckle. 
In this way this firm still continue to manufacture 
the paper for Bank of England notes. As a con- 
trast, close by stands the model of Mr. Bryan 
Donkin’s paper-making machinery, and although it 
is not now seen for the first time in the exhibition 
building, it is none the less interesting. A good 
example of a rotary machine, invented by Messrs. 
Symons Brothers, for wetting and reeling paper for 

rinting, is exhibited by Mr. Collie, The Bank of 

England exhibit one ‘ .* of the elaborate process 
of printing their notes. They also show the ~ perl 
formed type by means of which their dividend books 
are printed, 

The manufacture of type is illustrated by Messrs. 
Shanks, Revell, and Co., who exhibit a type-found- 
ing machine in operation. Of type-setting machines 
there are several varieties, notably that of Mr. 
Mackie, which, with the perforating apparatus, is 
shown in operation. Kastenbein’s composing and 
distributing machines as used at the office of the 
Times are also exhibited. An interesting example of 
type-setting by the aid of electricity is represented 
by the Clowes type-composing machine—Hooker’s 
patent, The types are arranged in vertical reser- 
voirs behind, psy at the bases of which are a series 
of electro-magnets, The compositor sits in front of 
a small metal tray arranged with divisions represent- 
ing those of the Gee type case. As he succes- 
sively touches the divisions representing letters or 
figures (as the case may be) with a pointer in con- 
nexion with a battery, the types are electrically re- 
leased from the reservoir, and, falling fon to a 
series of endless travelling bands, are carried away 
in succession and in regular ordér to @ point where 
they are delivered into a composing stick. In the 
Hattersley composing machine the <ypes are caused 
to fall vertically, that is, the bottom end downwards 
and not sidewise. The type is stored away in rows 
on two horizontal supply tables or type cases, being 
separated wy brass partitions and kept in position by 
elastic bands. Upon the operator depressing a key, 
a type is shot through a grooved Vishaped guide 
plate by a steel piston into a small slide beneath,’ 
which moves to the composing stick. Connected’ 
with this machine are a justifying and a distributing’ 


apparatus, There is lastly a model of the Muller 
type-com: machine which is now being intro- 
duced, this apparatus short words and syllables 


, and the profits of | castings mounted on wood 
The introduction of curved plates for rotary and 
cylinder machines is also due to this firm. Besides 
stereotyping, Messrs. Dellagana also exhibit their 
process of transfer sincography, which consists in 
transferring impressions from copper or stone to a} po 
raised surface of zinc for printing with letter press. 
Mr. T. G. Daw exhibits a model of a machine for 
making stereotype matrices without the intervention 
of type or composition. A series of type letters and 
g a button 
the letters strike and indent a sheet of soft material 
ided on a table under the ‘ype, 

es 


‘various signs, According 
| required to be produced on the paper, the operator 


are sO arran that on 
which is properly 
and thus the matrix is formed. Each type stri 
a central 
pressions 


would somewhat resemble it, as the case might be. 


a verse from the first chapter of a ve 


by a very old man. 


and which dates about the year 1800. Near t. 


spindle and rack, which 


machine boys are dispensed with. 


Harrild and Sons exhibit a 


Pardoe and Davis; an 


Wood, and Dyson. 


dimensions, and prin 


composed in many languages, and which requires 
the aid of a microscope to read it. 

Type writing machines are represented by the 
Remington and the Alissoff 
which are generally known. In the Remington 
machine the operator actuates the types by means 
of a series of buttons, the so-called writing being 
produced on the paper through the intervention of 
a strip of inked tape. There are of course motions 
for adj usting the paper and for’ travelling the ink- 
tape my In the Alissoff machine the types are 
set in the face of a revolving barrel, and inking 
rollers are used. The type barrel is actuated by a 
handle placed in front of a circular plate having the 
letters and figures on the barrel marked upon it and 
having a notch on its outer edge in line with the 
to the letter or sign 


turns the handle to the point indicated on the plate, 
engages the handle in the notch corresponding to it, 
and the character is impressed on the paper. The 
Alissoff is far more complex than the Reming- 
ton machine, the use of the foot being also required 
in its manipulation, but the former presents a greater 
variety in the type, as several distinct founts may be 
used oe age te met Thus type writing may be 
execu in several , their proper signs 
being used without disturbing ¢ the eoditeks 

Messrs. Waterlow and Sons exhibit one of their 





can be produced at one touch of the keys, which in- 


Stereot; is well represented in a small annexe 
by Messrs. Dellagana and Co., who by introducing 
stereotype plates of the same height as movable 
Mr. Hodson, types overcame some years since the loss of time and 

risk of breakage attendant —— the use of the thin 
en in general vogue. 


int, and the material receiving the im- 
8 a motion in one direction for forming 
the lines, and another at right angles for forming 
the spaces between the lines. Mr. Daw also pur- 
poses to arrange this machine as a type writer, in 
which condition it would somewhat resemble the 
Remington type writer, or, the Remington apparatus 


Of printing presses there is a fair collection, and 
of these we may first notice a very old press, at which 
i old book 

—the Bible—is being printed in very old characters 
his combination of antiquity 
is lent by Messrs. Blades, East, and Blades, and is an 
interesting relic of the past. Close by is a wooden 
ress of the seventeenth century, and by its side the 
first iron press which was invented by Earl Stanhope, 


again is an inking table and roller for a common 
press as invented by Mr, E, Cowper in 1818. In 
the building are also models of Cowper and Apple- 
garth’s printing presses, dating 1818 and 1823. 
Messrs. Hopkinson and Cope exhibit one of their 
double-cylinder fast gripper machines with upright 
ico good work, The same 

firm also exhibit a Wharfdale machine. In the Ashley 
automatic paper feeder the pneumatic principle 
is introduced in the layer-on, by which means 
The sheet is held 

afterregisterand until seized — grippers. Messrs, 
remner printing ma- 

chine. Besides the foregoing there are exhibited 
the Whitefriars rotary —— machine by Messrs. 
a rotary flat surface two- 

colour printing machine, by Messrs, Newsom, 
There is also exhibited the 
rocess of Chinese block-printing from wooden 
locks with instruments differing little, if at all, 
from those used in the tenth century. Mr. J. Powell 
is printing at a quadrant cylinder treadle jobbing 
machine, a souvenir of the Caxton celebration in the 
shape of a trade circular in which the letters are 
reduced by photo-lithography to remarkably small 
with great clearness and 
precision. The circular contains an advertisement 


e writers, both of 


railway nger ticket-printing machines, which 
are now ae in use for Brat clits of work. Messrs. 
Furnival and Co. show one of, Gill’s hot-rolling 
machines, by means of which sheets can be brought 
direct from the printing machine and rapidly dried 
and poset. Its chief featuresare a pair of highly- 
finished chilled metal rollers, and an apparatus for 
eoneng ar taking away the set-off. The rollers are 
heated by steam, and the sheets are led into and 
from the machine by endless Messrs. J. H. 
Ladd and Co, exhibit a Boomer and Boschert press 
for printers, bookbinders, and electrotypers, in which 
werful e is developed by means of a right 
and left-handed screw and knuckle joints, a lever 
with a ratchet and pawl being used for putting on 
the final squeeze. 

In the art of lithography the past and present 
are both represented. ‘The past.is illustrated by 
means of a fac-simile of the first Senefelder press 
made in England, and at which a portrait of the in- 
ventor is being printed and gratuitously distributed, 
The press Soa been specially constructed for Messrs. 
Blades and Co., who have lent it to the exhibition. 
Pressure is put on by hand by means of a vertical 
lever about 7 ft. long having a roller at the bottom, 
and being hinged at the top to across beam in the 
framing of the press. The lithography of the pre- 
sent is represented by one of Newsum, 
Wood, and Dyson’s Leeds lithographic steam 
power presses, at which a portrait of Mr, Gladstone 
is being printed and sold, In this machine, by a 
very simple motion, the inking rollers can be thrown 
at an angle across the machine, which gives a better 
distribution of ink to the slab as well as to the 
stone. Lithography is also Dw ge illustrated 
by Messrs. Maclure and Macdonald, who are print- 
ing a war map at a large hand press, one of the 
handles of which has been ingeniously made to 
exactly cover the narrow e left between the 
machines at this point, so that the stream of traffic 
is stopped at every pull taken at the machine. 

Messrs, Crossley Brothers exhibit one of their 
‘* Otto” gas engines of 3$horse power, which is of 
horizontal construction, is working silently and 
well, and is said to be veryjeconomical. A quiet- 
working vertical gas engine—Gilles and Humboldt’s 
—is exhibited by Messrs. L. Simon and Son, one 
feature being that it does not require water to kee 
the cylinder cool, thus economising floor space, This 
firm also exhibit a book-folding machine, which oc- 
cupies very small floor space. The machinery in 
the exhibition is driven by one of Messrs. Ransome, 
Sims, and Head’s 12 horse power portable engines, 
which is placed in an annexe of the main building. 
Such is the exhibition which has been arranged in 
connexion with the present Caxton Celebration, and 
emong> it is not al that could be desired—as we 
have already observed—it is generally interesting 
and worthy of a visit. It will be rendered more so 
by the addition of a catalogue, which up to closing 
time on Wednesday evening had not made its 
appearance, although a copy is said to have been 
resented to Mr, Gladstone on the opening day. 

e present attempt at-a Caxton commemoration is 
however in its results far in advance of that made 
about thirty years since by the late Dean Milman, 
then Canon of Westminster. That movement ulti- 
mately resolved itself into an arrangement for elect- 
ing a Caxton Pensioner in connexion with the 
Printers’ Corporation. Now, we have a celebration 
more worthy of the object in view, and to which 
we wish all the success it deserves. And we trust 
it will prove successful, especially considering the 
object to which the profits are to be devoted. 

SILICATE PAINT. 
Tue Silicate Paint Company of Liverpool have 
for [several years been successfully engaged in the 
extensive introduction of a valuable colouring 
medium free from the disadvantages of lead paints, 
but as easily worked, and producing a better result. 
The base of this material is nearly pure silica in 
almost impalpable powder, and obtained from a 
small deposit in North Wales, where it owes its 
origin to volcanic action. Analysis shows it to 
contain 79 per cent. of silex, the remainder (except 
13 per cent. of water) consisting of small portions of 
magnesium, alumina, and oxide of iron. This ma- 
terial, so well adapted for many in the in- 
dustrial arts, has hitherto only been used by the com- 
pany which owns it in the manufacture of paint, and 
of solutions for applying to buildings either for the 
exclusion of damp or for the preservation of the ma- 
terial. Thesesolutions are manufactured in any de- 








sired colour, either transparent and colourless, For 
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ordinary painting purposes thesilica basecan of course 
be mixed with pigments of any shade, and one special 
advantage claimed for this mixture is that the same 
weight will cover a far larger area than ordinary 
paint. Itis also worthy of note that it will with- 
stand without blistering, a temperature of at least 
200 deg., while the absence of all chemical action on 
iron or other metals renders it peculiarly valuable 
as a protection to all iron structures. The paint 
produces, moreover, the appearance of enamel, 
which renders it easy to keep surfaces covered with 
it always clean, These peculiar properties make it 
specially applicable for covering ships, and it is 
largely for painting the inside of salt-carryin 

vessls, which previously had to be protected wi 

cement, For ship’s hulls, boilers, pontoons, &c., 


the silicate is combined with a black pi pro- 
ducing a hard, quick-drying enamel. For the 
protection of timber, especially abroad, in climates 


where woodwork is subjected to the attacks of 
insects, the silicate paint has proved of great service. 


In fact, there are no conditions in which this hard 46 
and resisting enamel is not a good and economical |; 


substitute for common paint. 


COMPARATIVE VALUES OF HIGH AND 
LOW-PRESSURE STEAM. 
To THE EDITOR OF ENGINEERING. 

S1r,—Of all the various methods proposed and adopted 
for the saving of fuel in the production of steam power, 
high pressures with a corresponding ratio of expansion 
command the foremost importance. 

So long as the piston of a steam engine is propelled 
through space, the power developed depends on the pres- 
sure used ; but the coal consumed depends on the initial 
steam pressure and the ratio of expansion, and each ad- 
ditional pound of steam pressure with a corresponding 
ratio of expansion reduces in a given the consump- 
tion per each indicated horse power developed. : 

The increasing economy arising from increasing pres- 
sures has not a very clear conception in the minds of en- 
gineers, no formula exists in a convenient form by which a 
comparison can be arrived at. Some months ago Mr. C. 
D. West and the writer, when investigating this subject, 
arrived at the solution which is now given in this com- 
munication, and it is intended to show the comparative 
value of steam working at different initial, terminal, and 
back pressures, with the saving of fuel that may be ex- 
pected by the adoption of higher working pressures. 

In converting any two equal quantities of water into 
steam at different pressures, engineers know the old law 
about their total heats being the same, and although 
recent investigation has shown this law to be incorrect, 
yet the difference is so slight that it would not lead to any 
considerable error. Taking steam pressures at 501b. and 
150 1b. per square inch, steam from 1 lb. weight of water 
would contain 1167 and 1191 units of heat respectively, or 
a difference of 24 units only, or about 2 per cent. There 
would also be a slight difference in favour of the genera- 
tion of stedm at low pressures from a greater difference 
between the temperatures of the steam and the chimney 
gases. But it may be safely laid down asa rule that a 
given quantity of coal will evaporate an equal quantity or 
weight of water at any pressure. The pressure at the 
termination of the stroke, or the terminal pressure multi- 
plied by the capacity of,the cylinder, is the basis of eva 
ration, and in two engines of the same size, each having 
the same terminal pressure although the initial pressures, 
and consequently the indicated horse power, may be very 
different, yet the consumption of coal may be considered 
equal. 

"There are three points connected with an indicator card 
that govern the amount of work, or the indicated norse 
power obtained, viz., the initial pressure which we may 
call P, the terminal pressure say p, and the back pressure 
b. Let r—mean pressure during the entire stroke, we have 
the well-known equation : 


r=(1+byp. log. = )p-%, 








where P —ratio of expansion. 


P ed 
Similarly for any other initial pressure, P', p, and }, re- 
maining as before, we have : 


P' 
r'=(1+hyp. log. — )e-?. 
Pp 
Dividing the former by the latter : 
(: + hyp. log. 2 )je-? 
o> Pp 


e (i +b. log. = )p-?- 
P 


Now, since the terminal pressures are the same, the con- 
sumption of steam or coal will be thesamealso. Therefore, 
5 represents the ratio of the indicated horse power at 


pressures P and P! for an equal consumption of coal, and 
therefore the consumption per indicated horse power at 
pressures P and P! will be inversely as this ratio. 
ore : 
Consumption of coal per I.HP. at pressure P 
Consumption of coal per I.HP. at pressure P! 


(2 +hyp. log. =ye-? 
4 P 


(tn. log. = je 
P 











P°- | limit may be considered as reached. 


_ From this equation we can arrive at a comparative value 
in fuel saved by adopting a higher initial pressure, and itis 


applicable to any two engines having the same terminal | for 


ressure, such as te ebems engines or two con- 
ensing engines. we wish to com any two engi 

having different terminal and back oad p' an bt 

we would requite to Multiply the above by £ » and, there- 
fore, the genéral formula for any class of engine is : 
: Consumption of coal per I.HP. at he. an P 
Consumption of coal per I.HP. at pressure P! 

(2+hye. log. = y'- ° 

- p' 2. 

1+hyp. log: =) te 


this formula we can compare a non-condensing engi 
yl te ni . wi 
As weary to show the value of steam of high pressures 








. 


over lower pressures, the follow’ cases are 
worked out, with the initial ures of 451b., 751b., 130Ib., 
and 200lb. per inch. For instance, a compan 
using steam of 45 Ib. initial pressure per square inch wi 
a non-condensing engine would a Ba’ in coal of 
28 per cent. be ve: tat agape of 75lb., or 
per cent. by adop’ 130]1b., or 5 cent. by o—~- 
terminal pressure is 5 an assumed 


engine be a condensi 
ressure square inch, the saving would be 16 per cent. 
adopting 75 lb., 28 per cent. by adopting 130Ib., and 
per cent. by adopting 200 Ib. The terminal pressure is 
here assumed to be 5lb., andthe back pressure 2 lb. above 
zero. 

It will be observed the formula is based on the expansion 
curve being taken as a true hyperbola, which is not strictly 
correct, but still quite near enough for all practical pur- 
poses. ; 

The formula here given look complex and not snited 
for every-day use, but a derive from it two v 
simple rules. For, in looking at the above figures, it wi 
be observed they vary vey nearly in aregular progression. 

or 


In the example worked ou engine 
the consumption of } in very nearly as 
the square root of the pressure, and for the condensing 


— the consumption varies inversely very nearly as the 
cube root of the pressure. These form tevo very simple 
sian? easily remembered, and accord very well with actual 
practice. 

There are many non-condensing engines working whose 
load on the safety valve does not exceed 401b. per square 
inch, say 49 Ib. initial. saving in fuel may be 
pected by increasing the boiler pressure to 95 lb. or 
initial, applying the above rule the reduction would be in 
the ratio of 2/110 to /49, or about 10} to 7=33 per cent. 
Again a condensing engine working at 27 Ib. square 
inch (initial) is increased to 91 1b. initial, @ saving 
would be in the ratio of 4/91 to 4/27, or about 4} to 3= 
33 per cent. 

It will be understood in the above cases the ratio of the 
expansion increases proportionately with the pressure, and 
whether this can be carried out in one or more cylinders 
it is not our object at present to consider. The above 
shows that with each additional pound of steam pressure 
rightly applied a saving in fuel is the result. This is much 
more conspicuous at low pressures than higher ones. 
What the ultimate steam pressures will be will depend 
pice od on the capabilities of the steam generator. To 

ook at the question with the present type of boiler the 
If we soar to higher 
pressures the generator must be adapted to suit; some 
engineers imagine this counteracts the saving by decreas- 
ing the evaporative efficiency, but recent results have 
shown the reverse to be the case ; and examine the subject 
how we will, if economy in fuel be the object, higher pres- 
sures must be adopted. > 


Birkenhead, July, 1877. 


T am yours truly, 
JOHN WatTrT. 








RULES, TABLES, AND DATA: 
TRANSVERSE STRENGTH OF BEAMS, 


To tHe Eprror oF ENGINEERING. 


Srtr,—I haye read with much interest the second notice | 


which you have done me the honour to take of my Manual 
of Rules, Tables, and Data in your number for last week. 
You have consigned my theory of the transverse strength 
of beams to the limbo of failures; but, with your permis- 
sion, I wish to say a few words by way of explanation. I 
am free to confess that in advancing a theory or a principle 
I contented myself, in many instances, with its enunciation 
omitting the details of a formal demonstration. When I 
the case of a triangular frame, me in a semi- 
beam or cantilever, to illustrate the principle of the dia- 
gonal stress in beams subjected to transverse stress, I 
pee prese oy Moy three _ of pede sec Lee sages, Fed 
wall as one side, were rigidly fixed together angles ; 
and that, therefore, they would act as a triangular frame, 
even when the two sides became parallel to each other. 
To make the illustration, perhaps, more clear, let us 
suppose that the upper and lower members are taper, as in 
Fig. 1, and that they are laid together at the line n op, 
immovably united in a socket at p. They cannot sli 


"| on each other at p, when a load is applied, as they would if | you 


they were entirely lodependent, and they act as a tri- 
an bracket, of which the lower member is compressed 
and the upper member extended when a load is applied at 
the extremity, as represented by shaded oe for the 
initial vertical section at c'd'. If now the be re- 
moved and the two members be united for the whole length, 





and the load again applied, the central length no p, Fig. 2. 
remains snctanands aad the upper and lower portions are 


ex- 
110 Ib. | 2) 





er ae ee ; 
& ess illustration have ad... 
truth of t theory does not rest dat feted 








I do not question that, as you remark, Rankine and 
others have failed to éstablish & true theor;, and I eae tar 
A a ee 
8 of in all its generality, what I believe. 





rE 


one. 
Let me insist that my theory relates to beams 
homogeneous. Cast-iron 
geneous; therefore the 
allowances to 

skin is stronger than 
that a beam of smaller scantling, 
skin, would be stro: 
scantli 
find, in 
Edwin Clark from cast-iron beams vi yi 
re 
a uniform i 
f the strength valsied 

o 8 as 

pee beams, to only 6} per F 


‘We should expect, on the contrary, 


a of a homogeneous 

ble by the formula, with a 
accuracy, supposing the formula to have 
on a sound basis. I cannot consume 
with details, but must content m 
practical instances to page 618 of 
evidence, page 589, from examples of wroug! mores bars, 


which are at least nearly homogeneous, may be 
adduced. The principle of transverse resistance on which 
my formule are » applies with a of 
exactitude to railway rails, even of the most devious 
section, as well as to wrought joists and other beams. 


rrectness of the principle of diagonal resistance on 


‘chieamventiy- euntahaath 
on the subject to which he 


————SS___== 
THE GUNPOWDER PILE DRIVER, 
To THE EDITOR OF ENGINEERING. 
S1r,—I have read with interest Mr. P, 8. Justice’s very 
able and temperate letter on this su’ in 
number pF of journal. It is a m 
letter should be, and will, I trust, draw the 
i , and more 
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define, but which all inventors know from experience have 
much to do with success or failure. Such, for instance, as 
coming before the public at a lucky moment, or satis 
ing want. 

iow w the question of a lucky moment for its 
introduction is partly embraced in the fact of its supplying 
a pressing want, I think in this country, at all events, the 
gunpowder ‘press’ came a “little late’ to make its 


advent sensational. 

Compared with the old-fashioned pile driver, where the 
“‘tup” after falling had to be raised up slowly and 
laboriously by hand, the relative economy was, of course, 
immensely in favour of the gungewes pie driver, after 
making great allowance for any defects in the latter ; but 
the improvements effected in endless chain pile drivers, 
by which the “ a is raised very quickly by power as 
soon as it has fallen, brought the ordinary pile driver 
many strides forward in the race. At the same time I am 
of opinion that wherever work can be done by “‘ steady 

ressure’’ instead of percussion, that the former will in the 
ong run prove the best and most economical. — 

In the Eret place we must never forget that in using ma- 
chines for any special operation, a certain amount repre- 
senting the ‘‘ money life’ of the machine performing it, 
must be added to the cost represented by mere outlay in 
the shape of fuel, wages, &c., and since steady pressure is 
very much less destructive in its effect on the machine 
exerting it, than one doing its work by blows, it is only 
reasonable to suppose that when the same work can be 
done by the former, this method for economical reasons 
should be adopted. j ; : 

This, I take it, is the important feature in the invention, 
and yet on the face of this at the Dresden Bridge, they go 
on the opposite tack, and use nitro-glycerine. Then, as Mr. 
Justice points out, there was a most unfortunate reversal 
of the relative weights of tup and mortar. It is a great 
pity that the talent and industry evinced by our fo: 
engineering friends in the preparation of tabulated results 
and reports should be expended on false premises, the con- 
clusions arrived at being often thus much reduced in value. 

I believe that if a contractor in this country would give 
the system a fair trial and ordera machine of ample power, 
that for extensive piling operations it would have no com- 
petitor in situations where gunpowder can be used. The 
powder is of a very mild description, and burns —. 

I think its economy would soon be apparent, there is 
practically little or no wear and tear, and every one knows 
what that item amounts to in steam machines. 

The first cost of the machine is not heavy ; I am of course 
speaking of a pile driver for heavy work or a large number 
of piles. The machine can be bolted together, and is 
easily taken apart for transportation. 

In one respect Mr. Justice, I think, hardly makes due 
allowance for the fact that M. Hacquard, having had to 
pay 2s. 3d. per pound for his powder, could not very well 
put this item in at any other sum, although Mr. Justice is 
justified in claiming the benefits of the reduction when 
8 ing of its relative economy when used here ; but on 
the other hand M. Hacquard’s coals may have been dearer, 
which would also affect any comparison. 

I should very much like to know whether the section 
shown of the piles after driving is from nature or an 


imaginary one. 

To not think, however, M. Justice need be so doleful 
as to the disastrous effects of M. Hacquard’s figures, or the 
future of Mr. Shaw’s patent. A good hard criticism, if 
honestly and ably given, as I believe M. Hacquerd’s to be 
(he could not help the machine from which his data was ob- 
tained being wrong, although he should have known it) will 
do no harm, and if there is any merit in the invention, your 
article and the fact of its having brought Mr. Justice so ably 
to the fore in reply, to my mind almost insures its early 
adoption. 

In these days of torpedoes it is a peaceful way of using 
explosives. 

Yours very truly, 
Raupu Hart TWEDDELL. 

14, Delahay-street, Westminster. 


MINE VENTILATION. 
To THE Eprror oF ENGINEERING. 

Srr,—In the paper on ‘ Root’s Mine Ventilator,’’ by 
Mr. E. H. Carbutt, in your issue of the 22nd inst., is 
given a Table professing to be the relative merits of the 
various vontilators at work in this country from experi- 
ments made by Mr. Daniel, anc read in a paper “‘On 
Mechanical Ventilators’ before the Institution of Me- 
chanical Engineers in 1875. 

We to deny the accuracy of this Table, so far as the 
** Leeds fan’’ goes. The following experiments made by 
Messrs. J. and P. Higson, of Manchester, and two of Her 
a i sub-inspectors of mines at different times with 
** Morley Main fan,’’ the one cited in the Table will show 
the totally unreliable character of Mr. Daniel's experi- 
ments : 








' 











a 
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| ft. ft. | cub. ft.| im. | 
Morley Main) 40x10 | 290,693; 2 | 44 | 64.81 
» | 40x10 | 234,670/ 2%) 45 | 66. 
¥ | foto | 254300 Bis | 50 | 60. 





‘Trusting that in justice to ourselves, you will give this 
insertion in your next issue. 
We are, Sir, yours truly, 





Easton AND TATTERSALL. 
Leeds, June 28, 1877. 


RADIAL DRILLING MACHINE. 
CONSTRUCTED BY MR. WILLIAM ASQUITH, ENGINEER, HALIFAX. 
| 


WE annex an engraving showing a very convenient 
arrangement of radial drilling machine which has been 
designed and patented by Mr. William Asquith, of the 
Highroad Well Works, Halifax. The special feature in 
Mr. Asquith’s arrangement consists in the means provided 
for shifting the radial arm. Usually, in radial drills, the 
arm is swung round approximately into the position re- 
quired by pulling or pushing against the end, a worm- 
wheel, however, being in some cases fixed to the lower 
trunnion on which the arm swings. This latter arrange- 
ment is an improvement, but it is open to the objection 
that in order to operate the worm-wheel the driller has 
to leave his work, and he is thus not able to perfect the 
adjustment without going backwards and forwards, this 
of course involving a loss of time. It is to avoid this that 
Mr. Asquith’s arrangement has been devised. 

Referring to our engraving it will be seen that Mr. 
Asquith places the gear for moving the slide on the arm, 
and also that for swinging the arm itself under the 
immediate control of the workman, who can shift either 
the slide or arm without leaving his work. Thus by 
turning the handwheel B motion is communicated 
through the worm gear shown to the horizontal shaft at 
the top of the radial arm, this shaft carrying a bevel 
pinion which gears into a bevel wheel fixed on the frame 
of the machine concentric with the trunnion of the radial 
arm. By turning the handwheel B the radial arm is 
thus caused to move round the fixed bevel wheel, and 
its position can be thereby accurately adjusted. In the 
earlier machines constructed on this plan Mr. Asquith 
provided a clutch lever, as shown, this lever enabling 
the worm-wheel on the horizontal shaft to be disengaged, 
and the arm to be thus left free to be pushed round by 
hand. This provision was made to enable the arm to be 
quickly moved through large angles, but experience 
showed that such movements could be as quickly, and 
more conveniently, effected by the use of his gear, and the 
disengaging clutch will therefore not be fitted to future 
machines. 

The cross handles, marked C on our engraving, enable 
motion to be given to a worm gearing into the worm- 
wheel D, this being fixed on the same spindle as a pinion 
gearing into the rack shown. By means of the cross 
handles C the slide carrying the drill spirdle can be 
shifted radially along the arm, and the workman is thus 
enabled to adjust the drill readily in both directions. 
The machine we illustrate is self-acting by power for 
raising or lowering the arm, and the extreme radius of 
the spindle on the arm is 6 ft. 
conical bearings which are adjustable and keep the 
spindle always at right angles to the base plate, while 
the feed screw is provided with a double nut which can 
be adjusted to take up wear. 
radial drill is a very handy and well-designed tool. 


ROOT’S MINE VENTILATOR. 
To THE Epritor oF ENGINEERING. 
Srr, —The statement enclosed does not necessarily imply 
incapable of realising very 








that a Root’s mine ventilator is i 
igh efficiency, but simply that three of the four respective 
ciencies shown as obtained at Chilton on page 489 of 





The spindle works in | 


Altogether Mr. Asquith’s | 


be es ee 


your twenty-third volume, are not in accordance with our 
experiments, which last, from their perfectly satisfactory 
character, both as to measurement of air, indicator 

i ms, competent observers and perfect synchronism, 
added to their near correspondence with the exceptioual 
efficiency of 51.40 per cent., before alluded to, prove that 
the other three efficiencies were founded on erroneous ob- 
servation. 

On the 26th of April last, without being aware, either 
that a paper was to be read, or what were the results of 

revious experiments, the Chilton Colliery manager, Mr. 

akers, Mr. Bell, the Chief Inspector of Mines for this 
district, and myself (Mr. Turnbull, engineer, assisting) 
found what you, Mr. Editor, could easily verify for peameall 
(if time would permit) the following facts : 

1. There was no artificial or pseudo water gauge, which 
was indeed to have been expected, from the machine being 
7 of the displacement class. 

2. There was more re-entry than might have been ex- 
pected, but this arose entirely from the extremities being 
** less than quarter circles,’ page 471, and thus admitting 
at slow epee a more than momentary leakage. Compare 
the three experiments on this point. 

3. The whole of the considerable boiler power at the 
colliery being needed for the development of the higher 
horse powers, the experiments were made after all other 
work was done, and thus the third experiment could be 
made with the separation doors of the mine open ; hence 
the discrepancy between‘ that experiment and the two 
former as respects quantity of air per minute relative to 
pressure. 


Comparative Statement of both Series of Experiments. 
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Root, p. 489 67.312 | 2.75 [12 | 56.30| 3.29 
118,272 | 4.12 (21 51.40} 2.90 
| Ditto, April 26, :935 | 3.637 |14.375/ 49.89 | 22.12 
| 1877, per our | 93,420 | 7.55 |20.325| 50.63 | 20.71 
observations 170,910 | 6.28 |30.75 | 39.79} 4.18 
| 











For each experiment there were 16 indications (four 

double diagrams for each cylinder) and of observations of 
one minute each of a stop anemometer, and each experi- 

ment was of about a quarter of an hour’s duration. 

| The average pressures of steam were respectively 17.56 lb. 

| per square inch, 36.57 Ib. per square inch, and 46.78 lb. per 

| square inch, and the di are all extant. 

The drift was caref measured, and its area, 135 
square feet, divided into nine portions to obtain the average 
| speed of the air, which was respectively 451 ft., 692 ft., and 
1266 ft. per minute in the three riments. 

We have carefully particulars of the ex- 
a which are at your service should you require 
them. 





Your obedient servant, 
JouHNn COOKE. 
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compression. To ascertain if it be liquid, lower the tem- | black film, rapidly at the higher tem: , when mixed 
THE Sey notes DENSITY OF ature below the crossing point, and you will observe it | with the vapour of ee ; but poe ep as pure 
. to evaporate exactly as it did on first heating. By | and transparent after experiments with the same 
Experiments on the Maximum Elasticity and Density | adjusting the flame you can catch and maintain the | tube as it did on first ing. 
of Vapours. * mercury level in both limbs; and I find after} From the low br ppm spirits of tine, I was 
By Mr. Auex. Morton. saneanee ents, that that temperature is about | led to try if I could the maximum of ii 
orn Roerapr ges” ult on the elasti. | 497 4¢@; Fabr., and this point changes but little, if any, | and with that in view I got prepared a U-tube $ 
, — am gee, ~ tbat evnealiy th on latile although you double the quantity of chloroform. similar to those just described. One limb contained the 
av arg vy ting ssid doce th. y, she wre hae © | simple and beautiful experiment—simple it is | liquid and the other air, that end filled with air, above the 
the liq oe aes See eee ee ay yt be gam tabe to withetund the moderate pn He igh gprsntonete bag yr yong med 
vapours which do not continue so related, even within the st ade frqodem examine every | snaled Sa er was intended 
po Neg Be age measure the elasticity of the vapour in the other 


range of his experiments, hence m 
** generally ;’’ for instance, absolute alcoholand chloroform, 
although the one is considerably more volatile than 
other, at about 302 deg. Fahr., by the mercurial thermo- 
meter, they become exactly of the same elasticity; below 
that temperature the vapour of chloroform is greatest, 
therefore they may be said to cross each other at that 
point ; but so far as his observations went, these vapours 
and that of bisulphide of carbon never a: to approach, 
but rather departed from that of distilled water (steam), 
even at his highest temperatures. These curves are repre- 
sented on drawing No. 2; the temperatures are measured 
horizontally, and the elasticities vertically from Regnault’s 
tables in his Memoires I have referred to. Certain considera- 
tions led me to think that these vapours would approach 
and cross distilled water at temperatures within the —~- 
of experiment; and although it would not be difficult 
construct vessels strong enough to withstand the great 

sure they would be subjected to, still, to find a gauge whi 
would register these pressures with any d of accuracy 
would be next to impossible. Iam aware that Dr. Andrews 
has said in a recent paper to the Royal Society,t that he 
has discovered a reliable gauge; but my chief object was 
to learn if at any temperature they would become of the 
same elasticity, irrespective of what that. elasticity might 
be, and accordingly I made use of U-tubes, as shown by 
Figs. 1 and 2, annexed, The lower portion of these tubes, 





and so far up each limb, is filled with dry mercury. In 
the s above the mercury each end contains about fully 
one-third of the respective liquids to be experimented with. 
The ends of the U-tube having been a sealed 
cold, air occupies the spaces above the liquid. The appa- 
ratus is now ready for experiment; and to perform it so 
that I should observe what took place in the time of heating, 
I constructed a hot-air bath A, Fig.3. This bath A, e 
of brass, was suspended from an ordinary stand within a 
common gas globe, which acted as a hot-air casing for it. 
The upper end of this bath A consists of a small glass casi 
B, through which every change was easily noted as the 
experimental tubes were hung by fine wires to the cover C, 
so that they were constantly within my view. I used two 
mercurial thermometers, graduated to deg. Fahr. The 
lower one hangs within a slotted brass tube for protection, 
and was only used when testing the tubes on first heating 
them ; the upper one is naked, and so adjusted between 
the limbs of a U-tube containing alcohol and chloroform, 
that the mercury stands level at 302 deg. Fabr., which is 
the known crossing point of these two vapours, and the 
figures in this paper are from the readings of this naked 
thermometer so adjusted. 

With a U-tube containing distilled water in one end and 
chloroform in the other end, suspended in the bath, as the 
heat increases the chloroform evaporates, and compresses 
the distilled water up into its own end, as represented b 
Fig. 2. The air in that end very shortly becomes so soluess 
in as to be imperceptible. ® 
On continuing to raise the temperature, the chloroform 
at times sud: attains the ‘‘Cagniard de la Tour”’ state ; 
but this does not affect the experiment, as the distilled 
water begins to evaporate so soon as a in temperature 
1s , and the elasticity of its vapour compresses the 
Rates segue into its own end, exactly as the 
water had been at the lower temperatures. The chloro- 
form is now liquid, so far as that term expresses its state ; 
it has therefore been converted from vapour into liquid by 
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—- with an unscreened face ; beautiful, because it shows 
clearly 


a liquid’s conversion into vapour, and afterwards its 


compression into a liquid again imperceptibly, not even a 
the | Cload or mist to herald th " trace 


clou e change, nor the faintest 
of demarcation. With similar U-tube containing 
alcohol absolute and distilled water, I have found that t 

ing temperature is a little above that of melting lead, 


age} 
but still far short of that of melting zinc. is 50 tee in 
wi 


difficult experiment, and many of the tubes have burst 
great violence after the lead Sialied. 
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With another similar U-tube containing bisulphide of 
carbon and distilled water, { find that the crossing tem- 
perature is about 540 deg. Fabr. The three liquids—pure 
chloroform, absolute alcohol, and bisulphide of carbon— 
have all reached the “ Cagniard de la Tour” state below 
the crossing temperature, and before the elasticity of dis- 
tilled water has become equal with that from their vepense 
at the same temperature; but chloroform and hol 
become of an equal elasticity, and cross each other, as we 
know, at 302 deg. Fahr. ; therefore, neither have c ed, 
as both ends of the tube contain the boiling liquids with 
the mercury level. I find bisulphide of carbon and alcohol 
behave in the same manner, and that crossing tem- 
perature for these vapours is about 360 deg. Fahr. With 
the U-tube containing chloroform and distilled water in 
place, on continuing the heat up to and a little above that 
of melting lead, I find the elasticity of the vapour of water 
is so great as to eompress the chloroform into 'y less 
than one and a times its omy inal volume, although 
before the change it had become about twice its bulk. I 
may here explain that the reason why I preferred the U- 
tubes rant rn gear peed ining air in the spaces, to those 
sealed when the liquids within them were thoroughly 
boiling, is simply because the latter required greater dif- 
ferences of temperature above and below the crossing 
points to start the liquids into ebullition. When liquids 
nearly devoid of air are under great pressure, they persist 
in maintaining the state they are in, and consequently a 
greater difference of temperature is required ; moreover, 
when ebullition does begin, you cannot adjust the heat in 
time to catch the mercury in both limbs level, the elasticity 
of the vapour of one always overpowers that of the other, 
and to ascertain the crossing temperature you can only 
take the mean of the differences. Even in the 
spaces there are some liqui 
and when the mercury 


cbalion, may cola, apart of c i 
paren Yd ap mmbyh yp wartime te 3 To 
approach, and even cross that of distilled water, at no 
ae Ss Thea Weeteetel. The va - of — 
Serm decomposes and Lines the inside of the tube with 


with air 
t 


of carbon, show, I think, satis- | i 





uci column of smok apace tet 
, a column of smoke 
ted gunp er. There en the seed “onpiotent 


'o enable me to perform my experiments at higher tem- 
tures and pressures, I used single glass tubes, as re- 
presented by Figs. 4, 5, and 6; these have often withstood 
the elasticity of the vapour of water near the temperature 
of melting now. I have had no difficulty whatever 
in getting tubes of these proportions to wii 

elasticity of steam due to a temperature considerabl 
above that of melting zinc. If one of these tubes be 
filled, or nearly so, with any liquid I have used, and that 
tube herm sealed the liquid within it is 


ze 


w 
thoroughly boiling, I find on ing it in the air-bath that 
as the heat augments, the li continues to evaporate 
and increase in bulk, until whole tube a filled 
with the boiling liquid. One would have th ht that the 
liquid would have become ually less as heat in- 
creased, but the contrary place. The liquid 

to expand, slowly at first, but more rapidly at the higher 
temperatures, until the whole tube appears filled with the 


liquid ; and if not previous, at that instant the 

ly filled, the ‘‘ Cagniard de la Tour’”’ 

state comes on. If the tubes be only one-fourth, or less, 

filled with liquid, it invariably become less until the last 

globule of liquid has disappeared. I am not aware 

that this phenomenon has ever been pointed out, and as 

it has poh wes ee a my attention I now record it. 

Three of these tubes, containing one-fourth, one-third 

and one-half of liquid chloroform, are hung ina circle (Fig. i) 

ek kecding, Wane’ Geosons ct atng ie tageenanaie 
e, the one con mani 

appears first in this peculiar state erred to, but aie 

ae of ry: between the first ae is a 
ew degrees ; ‘or pure chloroform, justing 

uniform constant 


* . 


parkg es wapdond ig emg mone temperature, 

eac ma; » for minutes at least, 

Sell of a aglol male’ of ecteer resembling toot whisk 
coal. If the temperature be lowered 

Fahrenheit, those tubes contai 

one-half and one-third of liquid 

ing liquid ; if it be raised to 

particular temperature, these tubes 

pure homogeneous vapour. The 

aisert orm, I find, varies from about 510 deg. to ‘520 

‘abr. 

With three tubes containing alcoho! of the same 
tities as the chloroform, I that the cloud or mist 
white, and that that temperature, when the i 
stant, varies from about 480 deg. to 490 deg. Fabr 
alcohol behaves otherwise as the chloroform did 
attains that iar state at a much lower tem 
With three similar tubes containing spirits of turpentine, 
the liquid, as I have before said, c colour, and the 
vapour partakes of the colour of the liquid, viz., dark 
brown. At about the temperature of melting zinc, 
Sapsrigpend somes tees the baa heal to gate ae 
experiment requires 6 8 q ly aug- 
mented, and that instant when the liquid becomes 
uld be turned entirely off, and a current 


the flame sho’ 
of cold air admitted to surround the experimental — 


If the heat be slowly augmented, the vapour 
great violence at about that temperature. A wire-gauze 
screen on the face, and even gloves cannot be too often re- 
commended as essentials in such experiments, as you are 
not certain but what the movement of foot may cause 
a vibration sufficient to induce the ion. 

Many tubes containing other liquids have burst when my 
face was within a few inches of the experimental apparatus ; 
and although these vapours were so high in temperature 
just the moment before they burst the tubes, the feeling at 
the instant was that of a blast of ice-cold air. ' 

With ether and bisulphide of carbon, the first becomes 
vapour at the temperature of about 400 deg. Fahr., and 
- snes at og 500 deg. ae be a —- or mist 7 
the former is ue, ci i grey as 
renee tas on ms The cloud or mist formed 
the latter es of the colour of the liquid, whic 
—_ a , ating becomes pale pose | omy pure 

void of colour originally. seco: seems 
to double the intensity of the colour. 

I shall here ibe experiments with 


three tubes, each catalog ing ether and 
carbon, sealed when tho ly > 
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bisulphide of 
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have referred to taps having their diameters at the top or 
a oe See gene grt ag my rin the 
uncommon, ene e Prog in 
Se oe 
single poin vant w on con 
entails several positive and serious disadvantages. 
Ph wy Ned me rm we take the case of the parallel 
taper-threaded taps shown in our engraving, in which 
Fig.t 's ceppronte & fan pesuliel tn tho dicate at ihetieend. 
poe gray my by the removal of of the thread at 
the manner usually applied in American manu- 
ioainee. The distinctive eter? is that the ta is not 
made to extend so far up the length of the tap as it is in 
English manufacture, and the difference is that of the 
;| English plan the tap is more likely to enter s ht, and is 
easier to enter alg while by the American tap is 
if it has entered ont of ht. 
Suppose | vides “ the thread to have just sufficient 
clearance to relieve them from wy ma contact with the 
grooves cut in the work to form the thread. Now let Fig. 2 
represent a tap of the seme size and pitch, but having an 
amount of taper in the diameter of the thread snfficient in 
the length of the tap to equal twice the depth of the thread, 
so that it will enter the same size of hole as will the tap 
shown in Fig. 1, without having any of the thread turn 
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one-third and one-fourth went off nearly simultaneously at 
405 deg. Fahr. 

The hide of carbon series at first, and after having 
been twice the process, went off as follows: The 


h 
tube con one-fourth of liquid’ foben cold) at 
peak Fabr. fht containing one-third at 495 deg. Fahr., 


tity of peg & ether invaria 
conaining the greater ably went of of liquid’ bisulphide of 


With distilled water boiled and sealed within glass tubes 
similar to those shown by Figs. 4, 5, and 6, onl 
t can satisfactorily vad 
use the vapour in returning to liquid pene 
4 rapi — its transparency is lost. owever, I 
es ees yy e yy takes place chiefly 
w e 


od this Thad original liquid pers 
the ‘hota be bath raised to 
ine te ing snersied 


experimental tubes ; ‘ey 
of a high temperature ; ant co Same ne Sees 
constantly, they increased in ; at until the liqui 
had entirely dinappeared never lost their trans- 
parency, tf. tall exactly when that peculiar point 
referred to ecomposition of the glass 
‘whilst the vapour is cond 
© vapour ever condenses during 
Lary =ay tube remains as pure and Ronen > 
ES any other liquid I have eee but if once cooled, 
the tube becomes perfectly opaque. I find that the cloud 
somewhat resembles that of alcohol as to colour, being 
white, and that the cloudy state temperature is 
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near! 

a lit above that of mel ting zinc. +8 with 

dete tan Sie ted eitte mane LUM 
number of these, containing one- to one- / 
of liquid, and invariably those con the least 

uantity —_ first attained that state before 
zinc had melted; but those con’ of 


one- 
mid became perfectly gaseous after the zine had melted. 
tubes, when uueed for apenas’ had a spiral 
cutting of sheet zinc around they » vere ~ = 
tact with a small = of sa wteae 
brass wire. I had how Aa A bars during 
my experiments with 
4 have said that the va of ct - ee decomposes 
b ith clans single tubes 4. tebing — 
temperatures; but wi tubes con 
chloroform, sealed when boiling, you may use the same fabe 
over and over bay. a —_ a at least, if merely 
heated to, say and still you find the same 
uantity of Tauid a pot, as at first within 
ity but if any of he tubes be once raised to between the 
melting zinc and melting antimony, ay 
deeply coloured a dark brown, and 


tel bcaes den 








(To be continued.) 














THE CORBERUCEIOS AND USE OF TAPS. 
' The 


PMO oy me none is more im- | Off, and we have the following state of existing facts : 
= ous the tor nor can phar mn | Circumference of the of the thread at the end of 
ita one shape without falling into serious errors | each will be equal to the length of the line A in Fig. 3. 
entailing a loss of time, involving much more severe | The line B ting the pitch of the thread, and C C 
labour, and impairing the quality of performed. | representing centre line o! line of the length of 0 iy or bolt, 
That we frequently see of t is true, and | we have the line E as the angle of he top of 
the reason is to be found the fact that there are involved the thread to the entre tre line of the p- And in the case of |W 
ay yt oer 9 ——— ts } oh = 


~ eshatt, teow this angle is constant at all parts of 

is not, however, the case with the tap shown 

hich the angle of the thread to the centre 

ts — of Sy dsb a will, it trac, be that the line BY Bi 

ar isod of fen ine erer ton? taper, the amount of | a‘ en it is true, e line in 
— te ‘hea, and the number and shape of the | Fig. 


sents the eivoundavence of the K hie need, and B the 
nea agar a we have then the line D as “or 
le of the top of the thread to the centre li 
If we now turn to the > angye af the bottous of 
the threads on the two taps, we shall find that the 
nen 3 Cate shown in Fig. 1 being at the bottom 
ype nny vm ual to part of the line A in Fig. 3 from 
vint | tothe int 2, and the line G representing the 
e Das representing the le of the 


e without any pee t bed The thread 
should be made , and the taper to the taper and 
ven as follows; For the taper tap 
off so that the entering end is 
of the diameter of the bottom of the thread, the taper 
peuing cieaigis, cnt hares about six full threads at 
large end of the tap. By this means, there bein Pg 
th will work very 5 
itself will bea neat ft, 
exactly one size. By 
work easier, and is not 
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fe caer 
he consequence of these angular variations we shall find 
te, from ever point of consideration, to the detriment 
of the ta shown ai: 2, as will be seen on reference to 
Fig. 5, whi ts the section of a piece of iron witha 
each | tapping hole in it, and in which D D represents the angle of 
the groove which the small end No. 2 cut 
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the teeth actually cut to the groove when finished a 
Band the ine Fin Fig 0 Tae tn ean ime 
E and the i 
with the form of tap s own in Fig. 1 because the angle of 
pooner ye hy de * the thread on the tap is the same in 
hing of its length. 
ere is, however, another and important consideration in 

that the tap shown in Fig. 1 wy work as it 
it, while that shown in a ‘une ~ o= 
ground, nothing being finished he tap has paused 
omy through the hole—that is to say oo te Fi the 

hole requires to be parallel. The action of No. 2 is to 
cut a V-groove deeper and as the tap — = while 
the action of tap No. 1 is to leave a V projection. 'N ‘ow while 
ts ~— = —— 7 in = com to 7 
cen’ e of the eS a in 
and at the angle E in the — , the ang! e of 
the Y projection remains constant from e first to the ast 
of the tapping operation. 

In Fig. 6, which represents a piece of iron with a hole in 
it, in which tap No. 1 has been entered at A, and tap 
No. 2 at B, it will be observed that the action is in the 
first case to cut out metal, leaving the thread intact and 
finished as far as the duty has proceeded ; while in the other 
it is to cut out a groove of the ————_ and to con- 
tinue to operate upon it until it becomes of the least angle, 
2 that the effect is as place: Guupese a hole to be tapped 

all through to one half a full » and we require to put 
in another tap to make it a full thread; then tap No.1 
would be relieved of any friction from ‘that of the 
thread wm geen es cut, whereas pencil in teed No. 2 would not. Many 
taper taps eir Se dys 
for pA tn toe on the entering end, i - which 
evils here shown, though reduced, exist nevertheless in 
precise proportion to the amount of the taper. 

In the case of pipe or taps, which usually have a 
maximum of taper upon em, we have ano’ con- 
sideration of great moment, in that the teeth of the tap do 
Oe oy 

selves rough withou: ‘0 

It will be sundlly peruieal on reference to Fig. 7, which 
represents a gas tap, that the diameter of the thread in- 
creasing as it approaches the back B B of the tap, and A A 
being a line running ee ete of a tooth, and a 

saseeiing pengee % B B at one end than it does at 
other end (as denoted by the lines C and D), therefore the 
diameter of the cu edge P of the tooth is not so ae 
as the diameter of the of the tooth at O, ned ps ae 
does not therefore cut a groove sufficiently 
itself to pass freely through. In addition” to t 4 et 
© inp Ho. Sooo kagey aogalel the uname spn 
p No. 2 are ly in- 
creased taper) in the gas tap, and it ‘ore fore follows that 
it may be given a considerable amount 
thread, which clearance is necessary to relieve the sides of 
the thread from undue friction without giving them any 
freedom or play. 


Tt will bene iced that the corners of the mare ends of 
all the taps here illustrated are chamfered off ; and this i = 
hly necessary, and much too 
a wrench fits accurately to the square of a ociettabould 


do, then in all cases in which wrench requires to be 


taken on and off the tap—and such cases are Le | 
eet she é ee eS ee the wrenc 
the tap head, so that it will enter in the case 


of single wrenches. the maker of a tap or reamer, 
with these corners not chamfered off, be put to the task of 
ps fd ing or reaming a hole at the bottom of a locomotive 

der saddle, and in many other such situatious, and he 
will find that the presence of those corners involves an 
increase of at least cent. per cent. in the cost of the work. 
I have Snows tes and veseen Se beseiie capers bh cn 
so as to prevent t ee ee and for all holes 


save those in which the wrench not, the opera- 
jr en he ire to be lifted from the and the answered 

Wy, for the men worked by the piece, and could not 
afford ed tothrew away any The wrenches were solid 


ones, and they could not use a wrench fitting loosely to the tap. 
In the case of adjustable wrenches, the effect of leaving these 
corners on is to induce a very easy adjustment of the wrench, 
and a destruction to the square of the tap, 
by rounding itscorners. Taj for use in a tool room, 
and for use by slow and cautious workmen, may have the 
corners left on, and it will be a demonstration of the fact 
that a fair quantity of very accurate work is done then ; 
but - a time it ae se mpi oie 
quantity of ordinarily good work is not attempted, for 80 
much atercnes will even this small point make. 





AMERICAN ORDNANCE.—Arrangements are being made 
by the Ordnance Bureau of the United States os —~ 
ment for the conversion of ten 100-lb. a oa 

breechloaders at the Parrott foundry on the Hudson river, 
opposite West Point. 


TuE 45-Ton Ropman Gun. Gox.—The lenge Roieen » 
which was successfully cast at the South Fountry, 
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RUSSIAN TORPEDOES. 

Tux Times translates from the Cronstadt Vestnik, one 
of the naval journals of Russia, the following two Russian 
official reports upon the use of torpedoes. e one from 
Lieutenant Dubasoff to Captain Rogula, his superior 
officer, gives the first detailed account of his successful 
attack on the Turkish monitor off Matchin : J 

“ My . of attack was this: Upon entering the 
Matchin ch of the river, I ordered the four cutters 
under my command to sail in a straight line one after the 
other. The Cesarewitch, which I commanded in person, 
was to go first ; then the Xenia, under Lieutenant Shesta- 
koff ; then the Djigit, under Midshipman Persin ; and the 
last, the Cesarevna, under Midshipman Ball. In this order 
we were to creep along the shore until in sight of the 
enemy, when speed was to be slackened. Advancing 
towards the middle of the river, the cutters were then to 
go two and two, the Cesarewitch and Xenia in front, and 
the Djigit and Cesareyna behind. From the moment.of 
entering the Matchin branch to the moment of attack, we 
were to p slowly, to reduce the noise of the engines 
and the splash of the water toa minimum. As we neared 
the enemy we ‘were to increase speed. I was to attack, 
with Shestakoff following close, Persin was to keep ready 
to assist in case of accident, and Rall to remain in reserve. 
If the ship attacked first by us was disabled by the — 
sion, Lieutenant Shestakoff was to attack the second ship, 
with Persin supporting him, all rendering help, and m; 
keeping in reserve. Supposing the second explosion to be 
likewise successful, Persin was ordered to attack the third 
ship, with Ball supporting him, myself rendering assistance, 
and Shestakoff remaining in reserve. 

“The night between the 13th and 14th of May was 
cloudy, but not —~ dark, the moon being mostly visible. 
There was a light breeze from the north-west, conveying 

sound of our approach to the enemy. With the excep- 
tion of the Cesarewitch, however, we went on noiselessly. 


In the Cesarewitch handed over tome by the Roumanian | +), 


Government only six days previously part of the used-up 
steam serves to feed the boiler,* while part passes into 
the steam pipe, and in consequence causes the cylinder to 
work with considerable noise. Every now and then one 
may deaden the noise by shutting off the steam from the 
pipe, but then the steam in the boiler falls rapidly, and to 
a it up again it is necessary either to stop the engine or 
readmit the used-up steam into the pipe. 

** Early on the 13th we surveyed the enemy’s position 
from the hills on our side of the river. en we ap- 
pote their place of anchorage, I ordered the steam 

shut off to prevent any noise, but the steam quickly 
pommen ee 32 (I generally kept it at 50), I was four times 
compelled to stop the engine for a while in sight of the 
enemy- As this was likely to attract attention, I, after 
last stoppage, ordered Shestakoff to readmit the steam, 
and to follow me rapidly to the nearest monitor, which I 
intended to attack first. At the moment of giving this 
order we were 60 sajen (420 ft. English) from the monitor. 
Notwithstanding, however, the noise with which we were 
Per ny we were hailed by the watch only after oa 
orming half the distance. I answered what I thought to 
be the regulation reply, but have since heard that it was 
not in form, and that my mistake awakened immediate 
—-. The artillerymen, who had laid down for the 
nig t on deck, were awoke by the first report of the signal 

e. I suspect that our excursion the preceding night 
had attracted attention and that all the monitors were on 
the qui vive. Indeed, the monitors, as we discov on 
approaching them, had left their former anchorage and 
gone nearer Matchin. 

‘“* The monitor had her steam up, and firing at us_from 
her stern —— the upper deck, might have inflicted con- 
siderable damage. I therefore determined to make for the 
stern, and thereby escape danger and deprive the vessel of 
her. moving powers. The connecting wire I ordered to be 
kept in readiness to be used at any moment. My calcula- 
tion proved correct. We {no sooner neared the ship than 
the opened fire. were di 
without effect, and before the fourth could be fired I 
passed the stern, and, coming up to the left side of the 
ship, sp the mine, which destroyed the stern. It was 
a torpedo attached to a pole, and hit the ship between stern 
and midships, a little before the stern The water 
rushing into the sides of the monitor, the waves washed 
over the cutter. Many fragments were thrown to a height 
of about 120 ft. Some bits of furniture falling into the 
cutter proved the explosion to have taken effect right 
through the ship up to the deck. The crew of the monitor 
hastened from stern to prow, the stern sinking considerably 
into the water. I took measures to save my men, but, 
finding the cutter had righted herself, endeavoured to back 
astern, and put the steam ejector into operation to pump 
out the water. At this moment the sinking monitor began 
to fire ont of her turret, when I called out to Lieutenant 
Shestakoff to deal another blow. Quickly coming up, he 
inflicted the deadly blow a little behind the turret just as 
the turret gun was firing a second shot. Lieutenant 
Shestakoff, it is necessary to observe, actually touching 
the monitor with his prow, lodged his torpedo under the 
keel amidships, about 20 ft. from the prow post. As in 
the first instance, the effect of the explosioh was mendous, 
a8 may be inferred from cabin furniture being hurled into 
the air and falling afterwards into the cutter Xenia. After 
the second explosion, the crew of the monitor, fin it 
impossible to continue their artillery, with remarkable 
bravery seized their rifles, dischargin if one salvo after the 
other. Neither I nor Shestakoff could get away as fast as 
we wished. The screw of Shestakoff’s cutter had got 


{* This portion of the report appears to have been im- 
perfectly translated. What a to be meant is that 
the exhaust steam can be into a feed heater; but 
that when the whole of the blast is shut off, the boiler fails 
to keep steam.—Eb. E.) 





igate the effect of my submarine mines against 
— The comadesion eapaisted of Cgiaies 





entangled with’some of the broken ents, while my 
vessel was so full of water that I had to set the whole 
crew to work to bale it out with pails, the steam ejector 
having refused to work. i whole of this time 
Shestakoff kept up a raking rifle fire against the enemy. 
The het wo Patera mr ae emf a —— re other a 
monitor— ept firing at us ever since the discharge 
of the attacked monitor. The steamer evid was pro- 
vided with smooth bore guns, which the crew did not fire 
with despatch or precision. Possibly the steamer being 
60 sajen nearer to us than the second monitor, and having 
her deck inundated with water, the men found it impossible 
to handle their guns effectively. The second monitor, 
being more advantageously placed, could turn her battery 
upon us without -_ difficulty. Her shot fell some distance 
from our stern, and subsequently, when we had got away 
from the monitor, passed over our heads. The rifle fire 
from both ships was kept up incessantly while we were 
alongside and when we had got away.” 


The second rt is from the pen of the Russian General 
Baron von Tisenhausen, and intended to give a brief history 
of A io in Russia : ; 

ce e i 


ea of employing mines for the defence of har- 

ioe Sade phan be adbeacive puneecoe. i, ms ahs gsaeaea 
ing offensive purposes, I, in » Pro} 
attack with mines from the ice the hostile squadron then 
bombarding the fortress of Kinburn, and frozen in in 
the Dnieper Liman. Preliminary experiments made in the 
harbour of Nicolaieff promising complete success, the 
attempt would have been made, had it not been prevented 
by certain circumstances which need not be detailed here. 

ears after this, on the 20th of April, 1862, I submitted to 
Adjutant-General Novosilski, the commandant of the port 
of Cronstadt, a detailed plan for the application of floati 
mines. His Excellency, ve am by on @ journey, i 
me to communicate my plans to his Imperial Highness the 
fe Thre Goon T bel'the houous to explain ie 
of May, a e honour to exp! my p 

e Grand Duke, who condescended to listen to my expla- 
nations. _ Then, i to Adjutant-General Prince 
Galitzin, his Imperial Highness said, ‘ Bold, but appa- 
rently not impossible.’ _His Highness also ordered the 
project to be laid before Admiral Graf Liitke, who re- 
ported that success was uncertain, but experiments advi- 
sa 


le. 
On the 9th of June, 1862, after an examination of 
my project by the Shipbuilding Board, the screw steamer 
Opit was placed at my disposal, the Cronstadt harbour 
authorities being directed to assist my.experiments. Pre- 
tions consuming time, it was only in the Sepang. 36 
ptember that we proceeded to spring our mines. e 


first —— was to prove that, contrary to the — 
0- 


opinion, the ship projecting the mine is not hurt by ex 
ye at a short Bee rhe experiments made on ra 
tember 15th and 17th with 20lb. and 40lb. of powdess 
placed in chests from 50ft. to 52ft. long, absolutely dis- 
posed of the apprehension entertained as to the safety of 
the mi vessel. Whether the vessel was sta- 
tionary or went at full when the mine was sprung, 
she remained unhurt. universal were the fears on this 
head that only two ns, Lieutenant Nevachovitch, the 
commander of the Opit, and Captain Baron von Taupe, 
the chief of the Cronstadt staff, were on board the vessel 
at the first experiment. I happened to be absent at the 
time. 
** After this a special commission was appointed to in- 
i inst hostile 
Kern and 
Thedorovski, Lieutenant-Colonel Boreskoff, and Rear- 
Admiral Butakoff, which latter ided. ing the ex- 
periments made on the 27th and the 29th of Se; ber a 
barrels and the schooner Meteor 


repo 
commission, dated October 10th, 1862 (No. 685). The ex- 
plosion of the schooner Meteor, in [the little road- 
» was ect. The Opit, app 

at full , at three cables’ 

that the mine only slightly touched the submerged portion 
of the vessel. e moment of contact was the moment of 
explosion. The Meteor was lifted 2 ft. out of the water 
sitar, tke versal whieh test cgented on, tua, tonal 
after, vessel, whi a) on fire, i 
bottom upwards, sank in a depth of 17 ft. The com- 
mandant of eo who immediately sailed up to it, 
found it completely submerged. 

‘* Some of the conclusions arrived at by the special com- 
mission were the following : 

“1, It —— to attach to a ship a submarine mine 
containing from one to one and a half pood of powder, and 
to spring it at a distance of 38 ft. from said vessel without 
any danger to it. 

*©2. It is decidedly advantageous to introduce such 
vessels into the navy as a new and powerful means of de- 
fence —! gen rs ol ‘ 

‘*5. The submarine mine may be employed agains 
vessels at anchor or going at full speed, the only ation 
required in the latter case being thatthe shell of the mine 
be sufficiently strong to bear the shock of the vessel striking 


hard against it. 

i ~ i voanthol Risesiene aes Seka 
as soon as possible, in accordance wi e experience gained 
‘ek cal with any further improvements 

Tisenhausen. 


by Baron . 

*€On October 15th, 1862, ‘this report was submitted to 
tee On Octben Loti I edaveened 2 loth the Cron- 
stadt . On October 16th, I addressed a letter of thanks 
to ithe Grand Duke Constantine, to whom alone I was 
indebted for the fulfilment of my hopes.’’ 


AMERICAN oe oe bp any ete ioe tag 
(Rhode Island) Too pan: been making rifles 
eer cLish Govesomont nt the tate of 4000 por day. 








FOREIGN AND COLONIAL NOTES. 

The Oroya (Peru) Railway.—In a distance of 54 miles 
on this line there are 61 tunnels. The “‘ summit tunnel’’ is 
the longest (3850 ft.), and at an elevation of 15,648 ft. above 
oo een ne Peet ee 

ne i e line is on a ; a le 

ing stock is American, most of the locomotives iaeving 
been ilt at the Rogers’ Wi , New Jersey. 

Queensland Coal.—Annexed is Mr. A. OC. ~ 
analysis of coal from’ the Borehole mine, Qu : 
Volatile in coking, 31.7; fixed carbon, 62.3; ash, 6.0; 
coke, 68.3 ; carbon in coke, 91.2; ash in coke, 88. 

American Petrolewm.—The Erie Railway Company is 
sinking a series of oil wells along the line of its road near 
perm cragy | — new. a cg A company 
expects me leum 
count, and that win a nat ea rts 

The War and American Industry.—The Russo-Turkish 
war has given a slight impetus to mechanical ind: at 
Worcester, Maconckenstee the Wood and Light Machine 
—r having jreceived an order for 40 la for gun 
work. 


Krupp, of Essen.—Herr mph a | is supplying the Russian 
Government with a number of 11 in. steel breechloaders 
a 

e@ pivo ment (w a 
between 11 and 12 tons. Waneeneh atlas iowe be men 
received at Essen for field and mountain guns for service 
in Greece and Japan. 

A Nova Scotian Contractor.—A contract for the com- 
— of the Louisburg Railway has been awarded to Mr. 

y Oakes, of Nova Scotia. 


Locomotives in Germany.—A contract is about to. be 
let at Berlin for the delivery of 30 ves 
and tenders and 27 goods engines tenders. 

American Locomotives.—It is stated that 895 locomo- 
tives have been exported from the United States during 
the last seven years. The value of these engines is com- 
puted at 5,490,6401. dols. 


French Money. French official return shows that 
from the date of the establishment of the decimal 
of coinage in France down to December 31, 1876, and 
silver money was coined in France to the extent 
of 549,799,8231. 

The French Iron Trade.—The iron trade is in a rather 


- 


i 


= 


better position in the north than in the east of France, 
some rather important orders having been received. Prices 
have also been pretty well su at Paris. ‘ 

American Steel Rails.—There have been inquiries at 
Philadelphia for steel rails for South America and the 
West Indies. It is expected that business will be done 
although concessions may have to be made in regard to 
prices, in order to meet foreign competition. 

Russian Railways.—The receipts of the railways 
of Russia last year were 18,276,001. in round 
showing an increase of 649,0001. as compared with 1875. 
The receipts per verst w year ited an in- 
crease of 1.40 per cent. as compared with 1875. 

Pacific Mail Steamship Company.—This com; 
now running the City of Pekin, the’ Oi of Tokio, and 
the Alaska, on its line ; the City of New York 
and the City of Sydney, on its Australian line; and the 
City of Panama and the Dakota, on its Victoria line. 

Rolling Stock for the East Indian.—The Government of 
salts Mea seeeere’ Oe ee ee 
for the i ro. Company of 1800 ten-ton 

locomotives of a powerful 


rt of the president of the | class 


New South Welsh Coal.—The Newcastle Coal Mining 


eupany has at the Glebe. 
am petent to gi ion in such matters 

com; ive an mai express 
themselves highly vonsod with its appearance. 

Sleepers on the Bombay, Baroda, and Central India. 
_ renewals have taken on the southern 
divisions of Bombay, Baroda, and Central India Rail- 
way during the last few months. Iron bowl cupuatere 
been substituted for wooden sleepers, wherever the ballast 
was suitable. 

Hers Comment Witaincbon, b+ Boy — 

) 0! m ware, 
ins car déauanesd ah South American orders. These 

seven narrow cars for the Campos 

and Carangola Railway, Brasil. tn audition to these oars, 

passenger cars 0 er 

cess of construction for the Dom Pedro any nna 

The Eclipse Steam Pump Works at Pittsburgh have on 

oe blowi i for 1 > itimore. 

ey are @ vacuum ‘engine for a re- 

4 . The Novelty Iron Works at Cleveland, Ol, are 

co ing two iron truss bridges of 16.5ft. span each, 
to be p) across the river at Fort Dodge, Iowa. 

esne 

























































ENGINEERING. 
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portion of the structure easy, and considerable at- 
tention has been given to ventilating the enclosure. 
The roof of the building is sup d on light iron 
columns, and the pens, &c., are divided off with iron 





























































railings. The floors of the pens are laid with Belgian | operations,’ age 

blocks grouted in cement, and they are formed with | the steam jacket, while the revolvin "atnis are put 
sides sloping to a central gutter, falling in the other | into motion. “'All stéam generated within the boiler 
direction to a transverse drain. A stream of water prime Ppt a pipe'in its lower part aud is con- 
flows constantly along the gutter, and carries off all | dénsed in fiver. ‘After the bet 3 road ama) ga- 
impurities. Two rows of wrought-iron columns carry | mating ‘action’ has been continued for'a sufficient 
the roof, and divide the building into a central aisle | length of the blood and other’ niatters are 


50 ft. wide, and two side aisles 30ft. wide each. 
The middle portion of the building is covered with 
an arched roof springing 40 ft. above the ground. 
The side aisles are 20 ft. in height to springing, and 
have also a central roof. Along the sides of the 
building are a number of doors 6 ft. wide and 
laced 15 ft. apart, which are used to admit wagons 
or the purpose of loading the meat. Ventilators 










‘Jeaves the vessel in 





are placed over each door. Large windows are/| nt approg ia 
placed at each end of the central aisle, and further |% ferits weré ¢ 
ventilation is secured by louvres running along the delphia St 


roof. The floor of the building is supported on 
cast-iron columns, and the space below forms a/ an¢ 

basement 11 ft.in depth. Both the main floor and | Spécti 
the basement are covered with an asphalte pave- 


ment 4in. thick, having a sufficient slope to insure ped direct from Ph eiphte to Livérp6ol. 
perfect drainage. The work of slaughtering the |’ ver PEO TERT t bY FATS U YY 
cattle is carried on entirely on the main floor, that ANSEER Bripce AND Fuoat. 

rtion set aside for this purpose being divided off} Some appliances exist at Jersey City for 
into pens, the floor of which is laid with heavy] tratispo tt cars across the Hadson 


yellow pine packing carefully caulked. The cattle 
are admitted through doors in the ends of the build- 
ing, through which they pass into the middle aisle, 
and thence through gates into the slaughtering pens, 
the centre space being fenced off from the sides by 
iron pipe railings. Kach slaughtering pen is pro- 
vided with the requisite apparatus, and with ap- 
pliances for hanging up the carcases and dressed 
meat. The blood and refuse are removed to that 
part of the building set aside for their utilisation, 
and an ample supply of hot and cold water is pro- 
vided. In the winter the building is warmed by 
coils of steam pipes running around the walls. The 

lace has a capacity for killing and dressing 1200 

asts a day. The sheep are slaughtered in the 
basement at the west end of the building. Here 
there is a row of raised pens, enclosed by a wire 
fence and iron posts, and paved with stone, In 
front of these pens is a stone table with a gutter 
running round it for catching the blood of the 
slaughtered animals. Three thousand sheep can be 
slaughtered and dressed in this department. In the 
basement at the east end of the building facing the 
river (the basement here is on the ground level) is 
the engine and boiler house, the former being 60 
horse power and the latter equal to 100 horse power. 
Here also is placed the plant for reducing the 
tallow and treating the blood and refuse from the 
animals, 

This latter department possesses considerable in- 
terest, and it contains several very novel features. It 
comprises two horizontal vessels or boilers 5 ft. in 
diameter and 15 ft. long, supported on cast-iron 
pillars. In each of these boilers there are three 
manholes 16 in. in diameter, two placed in the upper 
and one in the lower part. They are elevated so 
far above the basement that the upper opening is on 
a level with the slaughtering floor, The boilers are 
jacketted by being enclosed in a steam space 3 in. 
wide, and a shaft running in stuffing-boxes passes 
through the ends of the boiier. On this shaft are 
mounted radial arms, and on the end is a large spur 
wheel, gearing into a pinion which is driven from 
the engine by belting. 

The rough fat resulting from each day’s slaughter- 
ing is brought in trucks and filled into one of the 
boilers. The space within the jacket is then filled 
with steam and kept at a high temperature for four | ft 
hours, at the end of which time the fat is en- 
tirely separated from the tissues and impurities, 
Water is then introduced into tue bottom of the 
vessel, and the melted tallow is lifted and 
through a dome in the top of the boiler, and then 
is conveyed through a pire for a distance of about 
50 ft. to the centre of the basement, when it is 
allowed to cool and settle, and is afterwards run off 
into casks. A length of glass tube is introduced into 
the pipe by which the tallow is taken off, so that 
the condition of the tallow can always be ascer- 
tained by the person in charge of the operation. 
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from the boiler and passes away into the river. When | is alsogiven in ne 
this has been done, the refuse from the slaughtering 


floor is placed in the tank, and the same process is 


repeated, the resulting fat being taken off, and the 
water running into the river. The day’s produce 
Of blood is then placed in the vessel, 


with 
remained from the he "pre ceding 
y tank is closed and again heated by 


dried and brought into a powdered staté, in which 


hdition. This apparatus ‘designed 

raven, of Jersey City.” “°° © 
bif and buildings were designed by and 
stintendence of Mi 
fie Cisborsiog tn dhooeding}y 
ing an , ngly 
ve structure. The internal 
pleted under the supervision 
hiladelphia Stock Yard Company, who have 
neceef supplying the building With all useful 
) “ors ay jen 4 in all re- 
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New ‘York. ‘These works consi of « pinged bridy 
por number of er gr floats ‘ou § ich the th 


wn on Our two-page engraving of 

6 ‘details’ of ‘gear Math. i 3 

ber structures, 

créss section, 148 ft. 6 in. long ‘and 
eep from the bottom 
to the centre of the cambered deck; and are built up 
of 3 in. planking stiffened with longitudinal framing, 
as ‘shown in the transverse section Fig. 5: Si 
timber braced girders run down the whole length of 
the float, and of the fall depth of the*hall. The 
central pair of these girders are placed 6ft. 4in 
apart, and their position is immediately beneath the 
middle platform ant down the float, the two 
t. 9 in, apart, éach coming 
below one of the rails. “ ‘he sides of the ‘float are 
also strongly framed, and intermediate timbers run 
along the bottom from end to end, as shown. The 
outer sides of the boat are protected by rows of 
walings. In thé centre of the deck, 
nearly the whole length, is a raised platform 7 ft. 
wide; and about 3 ft: 6in. high, covered in with a 
Poof, as shown in Figs. 1, 4, and 5, and on each side 


steps at each end. The spaces between are occupied 
with two tracks, and af- one end ‘are fixed buffers. 
Hatchways aré provided at intervals in the deck for 
entering the hull, and cleats are’ placed at intervals 

g each side of the boat for securing the 


, The bridge is 97 ft. 6 in. long over all, and 30 ft. 
7 in, wide ; it is carried on three girders 11 ft. deep, 
with double timber top and bottom members, timber 
bracing, and vertical iron tie rods, each taking hold 
of One-each of the traiisverse bearings carrying the 
roadWay. ‘The width of the two outside girders is 
17 int, and of the middle one 2] in., leaving two 
ta eg of 18 ft. each for ‘the rails. This area 
is planked over, as shown in Fig. 2. The land end 
of the bridge is carried on movable bearings resting 
oh a foundation formed on ‘the shore, and the 
Outer énd is supported on a pontoon, somewhat 


land 2). The bridge does not 

toon ‘direct, bat upon an inter- 

On each side of the 

iframifig extending across 

This framing is shown in Fi 
vertical 

B ‘height above the 


these beams, and are connected by the raising and 


lowering gear upon the platform. - o! 
This gear is shown in Figs. and 7, p. 28, and the 
As soon as all the fat is removed the water is drawn | locking gear upon the boat ited in Figs. 1 and 2 

Retail in Figs. 8 to’ 


is placed, as will be seen by reference to Fig. 2, at 
that end of the float which always comes in contact | Rail 


& perfectly in- 


%. Wilson 


y" and 


arrangement ‘i 
week, and 


34 ft. 3m. wide 


and extending 


3 ft. wide with 


an overhang- 


upon piles, and 


es raised on. 
and carrying at 
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depend from 


The latter gear 


“an tis 
aa 30. The | § 
rectangular ‘ih | | 


with the bridge, and in the middle of its width. It is 
in two independent sets, and is mounted on timber 
framing. Itis actuated by two handwheels, each 
of which sets in motion a train of ing, that 
finally moves the locking eccentrics on the forward 
shafts of the train of wheels. The is prevented 
fromrunning back by a paw! and ratchet on the hand- 
wheel shaft. There are four sets of gearing on the 

latform, two on each side of the pontoon, employed 
or two different purposes. Their general arrange- 
ment is shown in Figs. 1, 2, and 3, and the details in 
Figs. 6 and 7. That on the right-hand side of the 
latter figures is used simply to secure the boat by 
means of the chains which are attached at each 
side. The other, which hauls on the chains sus- 
pended from thetop timbersof the fixed framework, is 
employed to adjust the height of the bridge to cor- 
respond with the level of the car floats, which vary 
in their draught of water according to the load placed 
upon them. The chain passes around the free wheel 
a, Figs. 6 and 7, to the drum 4, which is turned by 
the handwheel through the train of gearing, as 
shown. Meansare also provided of admitting water 
into the pontoon, and for emptying it in order to 
regulate further the height of the bridge. The rise 
and fall of tide is only some 6 ft. 

In loading the floats, long eight-wheeled flat cars 
are employed of sufficient length that they may 
serve to push the wagons upon the float without 
the engine having to come upon thebridge. ‘These 
‘‘pushers” are coupled to the passenger or freight 
cars to be transferred, and when the float is secured 
and locked to the bridge, the cars are backed “on to 
he float until the engine is at the upper end of the 
ridge. Four freight cars are generally placed in 
Yosition at once, this number occupying the whole 
"one side of the float, and the pushers cover the 

jle length of the bridge, and about 10 ft. in 
addition. After the float has been fully loaded in 
this manner the securing chains are unhooked, and 
the vessel is taken in tow by steam tugs, and trans- 
ferred across the river to New York. Arrived at 





Sex | the other side the cars are not taken off the floats, 


but are unloaded and loaded as they stand, the central 
platform already described as running down the 
whole length of the float being employed by the men 
for this purpose. As the cars are not taken across 
on the New York side no bridge or other works are 
required there, the floats being moored alongside 
bulkheads or dummies, 

This transfer traffic requires the constant use of 
fourteen floats and three steam tugs. Each float as 
already stated, has a capacity of eight cars, and 
transfers 350 during the 24 hours. The amount of 
freight thus carried averages 3500 tons per day, or, 
including the weight of the cars, 7000 tons. Care is 
taken not to have the cars running light on this 
service. The above amount does not include the 
cars loaded or unloaded, which are transported by 
the National Towage Company, who employ five 
steam tugs and fourteen floats on this service, but 
these do not all run regularly to the Harsimus Cone 
Docks of the Pennsylvania Railroad Company. 
The cars carried by the National floats are for the 
most part owned by the Independent, Union, Empire 
and Anchor Transportation lines, and average about 
6000 tons per day gross, or 3000 tons of net freight. 

The floats of the National Company are built to 
accommodate ten cars, or two more than those 
belonging to the Pennsylvania Railroad. 





PHILADELPHIA Post-Orrice.—A contract for the iron 
work on the second floor of the new post-office at Phila- 
delphia has been awarded to Messrs. Steward and Stevens, 
of Philadelphia, they being the lowest bidders. About 800 
tons of iron will be required. The same firm will also 
furnish the iron for the first floor. 





New ZEALAND Rattwars.—The length of railway in 
New Zealand in working order, now amounts to 707 miles, of 
which 209 miles stretch in an unbroken line from Amberley 


124 miles of open 
line, and the South Island 583 . There are 273 miles 


* | of open line in the province of Canterbury, and 263 miles 


of open line in the province of 

Russian CENTRAL AsIAN Rartway.—A ukase of the 
Emperor Alexander II. approves the route from Orenburg 
to Taschkent for the proposed Central Asian Railway. A 
credit of 111,000 roubles was placed at the disposal of 
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FER BRIDGE AND FLAT BOAT AT NEW JERSEY. 


see Page 22.) 
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THE LIVERPOOL SHOW. 

THE annual Show of the Royal Agricultural 
Society of England is this year being held in Liver- 
pool, at which place it was held thirty-six years 
since. The site of the Show is in Newsham Park, 
and the showyard occupies about 80 acres of land; 
the situation being agreeable and within two.miles 
and a half of the centre of Liverpool. . The Show 
has the distinction of being the largest ever held by 
the Society as far as the number of stands is con- 
cerned, eclipsing that held at Birmingham last.year 
considerably. At that Show there were 11,304 ft. 
run of ordinary shedding 20 ft. wide, 886 ft. in the 
seed and model department, and 2492 ft. of ma- 
chinery in motion sheds, making a total of 14,682 ft. 
run of stands. In the present Show there are 
12,235 ft. run of ordinary shedding, 880 ft, in the 
the seeds and models department, and 2733 ft. for 
the machinery in motion, making a total of 15,848 ft. 
run of stands, or an increase of 8 per cent. oyer the 
Birmingham exhibition. The implement yard was 
opened on Monday last, but the full Show, including 
the horses and cattle, was not opened until Wednes- 
day. The following tabulated statement will show 
the relative proportion of the various shows asfar as 
the number of the stands and of the exhibits is con- 
cerned. It will be observed that the exhibits at the 
present Show are fewer than at either chester, 
Oxford, or Wolverhampton, but this is ? 
for by the fact that at those shows a large number 
of exhibits were shown in duplicate : 








Number | Namber 
Year. Place of Meeting. of of 
Stands. | Exhibits. 
1868 Leicester 337 6369 
1869 Manchester 395 7724 
1870 Oxford Se 406 7851 
1871 Wolverhampton 863 7650 © 
1872 Cardiff ae 308 5843 
1873 329 5634 
1874 Bedford 361 5931 
1875 Taunton 284 4214 
1876 Birmingham 420 6414 
1877 Liverpool 428 6930 














But although the Show is an extensive one, there 
are fewer special novelties than we remember to 
have seen for some years past. It would of cotirse 
be unreasonable to expect that every show should 
be equally rich in novelties, or that, meritorious _in- 
ventions in the special départment, of agricultural 
machinery and implements should be originated year 
by year. On the other hand it is. very probable that 
what is popularly known.as ‘*the badness of the 
times” has something to do, if not with checking in- 
vention, at any rate with developing»imto ‘practice 
useful ideas, which it is to be hoped will.only remain 
latent until a period of commercial “prosperity” shall 
again setin. Such noteworthy features as the oe 
pool Show possesses as regards mechanical exhibite 
we shall now proceed to place before ‘our readers in 
our usual order, . 

SreaM-PLOUGHING ENGINES AND*TRACTION ENGINES, 

It has been our practice in former years, wh 
dealing with the Royal Agricultural Society’s Show, 
to treat of the steam-ploughing and traction engines 
as distinct from the ordinary portables, and we still, 
as a matter of convenience, preserve this dis- 
tinction, although year by year we find self-moving 
engines more and more taking the place of ordinary 
portables for the géneral work ofa farm. In fact, 
when we consider the numerous conveniences at- 
tendant upon an engine being not only self-moving, 
but capable of hauling. behind it a thrashing ma- 
chine, or performing other traction engine work, 
we can only wonder that the ordinary portable holds 
its place at all, and. we’ feel confident that the time 
is not very far distant when the use of portable en- 
gines which are not self-moying will be quite ex- 
ceptional. A natural result of this change which 
has taken place during the past few years is the 
demand which has arisen for light self-moving en- 
gines of moderate power, and hence we find that 
even firms who until lately treated traction engine 
building as quite a subsidiary branch of their busi- 
ness, are now paying special attention to the pro- 
duction of the types for which there is a demand. 
With afew exceptions, however, there has so far 
been no great departure from established arrange- 
ment, and our remarks on the self-moving engines 
exhibited at Liverpool will refer therefore princi- 
pally to novelties of detail. 

Commencing with Messrs. J. Fowler, of Leeds, 
we find them, as usual, very large exhibitors, their 





stand containing a large*collection of both engines 

and implements. The steam-ploughing engines 

shown are respectively rated as 14-horse, 8-horse, 

and 6-horse, these being all single-cylinder engines, 

and each being one of a pair constructed for work- 

ing,on the double-engine system. Their principal 
ensions are a8 follows : 





<r 

Nominal horse 
Eri! ie ...| 6-horse: | 8-horse 14-horse 

iameter of cylin- 

der bab Sa Sin. 9 in. 11 in. 
Stroke of piston .../.10 in. 124n,\ 12 in. 
Total heating sur- 

face ves +108 sqr. ft.} 138 sqr.ft. |283.9 sqr. ft. 
Number of. revolu- 

tiona,per minute 180 » 160 4 150 
Speed of ploughing 

rope — m y. per ¢% rt 

hour= ... «| 1B «4 DR, 28, BE | 2h to3 
Speed of road mo- 2 7! { 2.3 quick 
tion ote ws x is 1.5 slow 
Diameter of driving eR 

-wheels ... jun 5. ft. 5 £t. 6 in. 5 ft. 6 in. 
Width of driving 

wheels ~..., «| 16in, 18 in. 20 in. 














These engines are of if. a r : Fowler's standard 
types, and the. only alteration we notice in them is 
in the coiling gear, which has been improved in its 


details during the last, year. ;‘The engines exhibited 
ve the rod topped es stayed directly to 
the firebox & which we have described on pre- 
vious occasions, and the experience with these boxes 
appears to,be very satisfactory. In all their en- 
gines srs. Fowler have, for a long time past, 
used steel freely, and all shafts, gear, and many 
other detail@ are now made of this material. 
ist, the traction es. the chief novelty 
shown at Messrs. Fowler's stand is the traction 
engine of which we give an engraving on page 24. 
In the course of our account of the Royal Agri- 
cultural: Society's meeting at Bedford three years 
ago,'we had occasion to describe (vide page 42 of 
our eighteenth peiume} a traction engine with ex- 
ceptionally, large wheels which was then exhibited 
by Messrs, Fowler and Co, This engine, which 
was. the first of a new pattern, had driving 
wheels 8 ft, in diameter, and subsequent to the 
Bedford..Show experiments were made with it 
by Messrs. Fowler. The fesult ofthese and other 
expen on large wheeled engines, has been to 
show-that on bad‘ground there is a very important 
adv. Sh favour of, tlie hauling power of engines 
ro with such wheels as compared with engines 
aving wheels of the ordinary size, and in conse- 
quence ofthis Messrs. Fowler have commenced the 
regular manufacture of a class of traction engines 
fitted withilarge wheels, these engines being specially 
intended for use on rough or irregular ground; and 
being thus very suitable for military purposes. 

The engine shown at Liverpool is rated as a 
6-horse, and aswill be seen from our engraving, it 
has @ pair of cylinders, these being 53 in. in dia- 
metér with’10 in. stroke. The normal number of 
revolutions for the crankshaft is 180 per minute, and 
with this,speed the engine travels at 1} miles per 
hour when inithe slow-speed gear, and 24 miles per 
hour in the quick-speed gear. The ratio betweeri 
the speed of the piston and peripheral velocity of 
the driving wheels is»thus ‘2.727 to 1 for the slow 
and 1.363 to 1 for the ‘quick=speed. ‘The driving 
wheels are 7 ft. in diame ‘Qin. wide on the 
rim, while the leading Wheéls- are ft. 6 in. in dia- 
meter with a width of rim of in. ~The distance 
between the centres of the leading,.and hind wheels 
is 9 ft. 8} in., and the length of the’ engine,over all 
is 15 ft. $in. The boiler is worked at apressure of 
100 lb. per square inch, and the total weight of 
the engine in working order is 8 tons, 15. cwt. 
The driving wheels run loose on the axle, and dif- 
ferential gear is provided on the second motion shaft 
to facilitate the turning of the engine. The engine 


shown at Liverpool is fitted with a crane at the 


leading end, the hoisting drum being situated on a 


shaft under the barrel of the boiler, and this shaft | rac 


driven by means of a vertical shaft, which 
will be seen in our engraving on the left-hand side 
of the engine. The vertical shaft is driven from the 
crankshaft by bevel gear, and at its lower end it 
carries a worm which gears into a worm-wheel on 
the hoisting drum shaft. Besides the hoisting drum 
this latter shaft also carries a winding drum on the 
right-hand side of the engine, this drum containing 
100 yards of steel wire rope. By means of this rope 
the engine can haul cannon, &c., out of difficult places, 
while by connecting the rope to an anchor or some 


bein, 


= 








fixecl object the engine can haul itself out of a hole 
or up gradients which it could not otherwise sur- 
mount. A clutch worked by a hand lever serves to 
connect either the crane drum or the hauling drum 
with the shaft on which they are carried. The 
crank and intermediate shaft bearings, as well as 
that at the upper end of the upright shaft, are carried 
by wrought-iron brackets firmly bolted to the boiler. 
The flywheel is small, and the working parts are 
covered by a casing not shown in our engraving. 
Messrs. Fowler informs us that the engine we have 
been describing will readily ascend inclines of 1 in 
6, while it will take a load of 8 tons up a gradient of 
1 in 10, ordraw 20 tons on the level. The boiler 
of this engine, as well as the gear and shafts, is made 
of steel. 

Beside the large-wheeled engine of which we have 





just been speaking, Messrs. Fowler also show two 
other traction engines—an 8-horse and a 6-horse— 
of the following dimensions : 
Nominal horse power 8 horse | 6 horse 
Diameter of cylinder 9 in. 7¢ in 
Stroke of piston ie 12 in. 10 in. 
Total heating surface .| 185 sq. ft. | 100 aq. ft. 
Average steam pressure... «| 100 Ib 100 lb 
Number of revolutions per minute | 150 rev. | 160 rev 
Diameter of flywheel . 4 ft. 6 in. | 3 ft. 9 in 
». driving wheels... 5 ft. 6 in 5 ft. 
Width of i Sage «| 16 in. 12 in. 
Speed of road motion (quick) ‘ai miles | 2.69 miles 
99 pe (slow) ...| 1.21 miles | 1.85 miles 











In these traction engines we do not notice that 
the makers have departed from their established 
atterns, and we need not therefore describe them 
urther, Asin Messrs, Fowler's other engines the 
workmanship is excellent. 

Alongside their traction engines Messrs. Fowler 
show a new wagon for use with these engines, this 
wagon having two fore carriages, either of which 
can be fixed when desired. A train of these wagons 
can thus be run either end first, and the necessity 
of turning—sometimes a great inconvenience—is 
avoided. Besides these engines and wagons Messrs, 
Fowler also show a large collection of implements 
for steam cultivation, and amongst these we notice 
a five-furrow and a three-furrow plough fitted with 
the neat arrangement for adjusting the width of the 
furrows which the firm brought out at the last 
Smithfield Show, and which we illustrated on page 
485 of our twenty-second volume. 

Another firm who have an excellent show of en- 
gines is Messrs. Aveling and Porter, of Rochester, 
one of their engines being exhibited without lagging, 
to show the good quality of the boiler work. Messrs. 
Aveling and Porter’s engines are all of their regular 
types, which have already been described by us, 
and allwe need say about them here, therefore, is 
to commend their good design and finish, The 
‘‘ farmers’ engines,” shown by Messrs. J. and F, 
Howard, of Bedford, whose stand adjoins Messrs. 
Aveling’s, are also of the pattern we have previously 
described and illustrated. 

At Messrs. Clayton and Shuttleworth’s stand we 
this year find self-moving engines taking a prominent 
position, the firm showing three such engines of 
different powers, but of the same general construc- 
tion. e notice that Messrs, Clayton and Shuttle. 
worth now connect the crankshaft plummer blocks to 
the cylinders by strong tie rods, the crankshaft 
plummer blocks sliding on the top of a strong casting 
fixed on the boiler at the firebox ends, and the ex- 
pansion of the boiler being thus allowed for. A 
special feature in these engines is the steering 
gear, of which we give an engraving on page 25. 
This gear is, as will be seen, an improvement on 
that which the firm brought out at the last Smith- 
field Show, and respecting which we expressed our 
opinion at the time. As will be seen on reference 
to our engraving the steering is in this arrangement 
effected by a worm gearing into a segmental rack 
connected to the fore carriage. In the engine ex- 
hibi the Smithfield Show last December, this 
k connected to the fore axle that when 
the latter:was canted sideways, a severe twisting 
strain was‘thrown.on the rack. In the arrangement 
as modified this defect is avoided. The rack, which 
is made of cast steel, is bolted to a curved bar, 
which works in | guides supported by the 
bracket, which also carries the worm shaft bearin 
The fore aS ee gw or. vie eg a * the 

ity of this arm bein erical and fittin 
into a suitable socket forme i the centre of the 
rack as shownin Fig. 2. By this arrangement the 
rack is always made to move in the same plane, and 
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(For Description see Page 26.) 


the fore axleis left free to cant sideways. A single 
saddle casting or brackct carries not only the rack 
guide, but also all the bearings for the worm shaft, 
and the bearing for the lower end of the diagonal 
shaft through which motion is transmitted to the 
worm. The whole of the details of the arrangement 
are very neatly worked out; but we still think, 
however, that the arrangement gives a somewhat 
too rigid hold of the fore carriage. 

At the stand of Messrs. Marshall, Sons, and Co., 
which comes next, we find one of the few departures 
from the ordinary patterns of self-moving engines, 
the new type of traction engine which the firm in- 
troduced at the Smithfield Show last December, now 
making its first appearance at the Show of the Royal 
Agricultural Society. We illustrated this engine 
and gave full particulars of it on pages 463 and 468 
of our twenty-second volume, and it will be un- 
necessary, therefore, that we should describe it in 
detail here. We may remind our readers, however, 
that Messrs. Marshall, departing ‘from the usual 





practice, have placed the cylinder of their engine 
under the smoke-box, the cylinder with the crank- 
shaft, countershaft, driving axle, &c., being all 
carried by a substantial frame, which is entirely 
independent of the boiler. There can be no doubt 
that this makes an excellent mechanical arrangement, 
and gives great facilities for repairs, while the boiler 
is relieved from all strains due to the working of the 
engine. We may remark here that while the 
Liverpool Show contains several instances of arrange- 
ments for relieving the boilers of traction engines 
from the strains due to the working of the engine, 
none of these arrangements are to be found at the 
stands of those firms who have had most experience 
in traction engine building. A natural inference to 
be drawn from this is that the strains here referred 
to are not attended with such consequences to the 
boiler as to point to the necessity of relieving 
the latter. Judging from the results of experience 
we are, in fact, inclined to consider that the advan- 
tages to be derived from connecting the cylinders 











VERTICAL ENGINE AND BOILER, BY MESSRS. ALEXANDER SHANKS AND SONS, ARBROATH. 
(For Description see Page 27.) 


of traction engines with the crankshaft plummer 
blocks, are to be found more in the facilities for re- 
pairs which may be thus obtained than in the relief 
afforded to the boiler. Supposing the ordinary ar- 
rangement to be departed from, therefore, we con- 
sider it advisable to adopt such a system of framing 
as to render the engine and boiler quite independent 
of each other, so that the two can be separated for 
repairs. Whether a ‘ framed engine,” as we may 
call it, can be best arranged above or below the 
boiler is yet an open question, and even Messrs. 
Marshall, we believe, propose to build both types, 
As an example of a framed engine below the boiler, 
the engine this firm exhibit at Liverpool is an ex- 
cellent one. We notice, by-the-by, that the 
engine now exhibited by Messrs. Marshall is fitted 
with two speeds, whereas that shown by them at 
the Smithfield meeting had but a single speed only. 
A dome has also been added to the boiler, the 
wheels have been increased in diameter and width, 
and there are also some other minor alterations in 
matters of detail. The whole design is, as we have 
said, very well worked out. 

Messrs. Ruston, Proctor, and Co, exhibit a 6-horse 
traction engine of the type which they brought out 
at the last Smithfield Show, and which we illustrated 
and described some months ago (vide page 57 of our 
twenty-third volume). This ongee is noticeable, 
amongst other things, as being the only one in the 
yard in which the driver is protected by a ‘ cab.” 
As we mentioned in the notice just referred to, the 
engine has some ingenious points of detail, but 
having so recently described it, it will be unneces- 
sary that we should enter into iculars of these 
here. We think, by the way, that the driving axle 
and wheels of this engine will be found somewhat 
light, 

The next exhibitors of traction engines are 
Messrs. Garrett, of Leiston, who adhere to their 
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ttern, while next come Messrs, Charles 
Berell dnd Sons, of Thetford, who show three 
engines specially noticeable for their good work- 
manship. Of these engines two are traction en- 
gines of Messrs. Burrell’s regular patterns, except 
that one of them—a 6-horse—is fitted with the 
very neat arrangement of winding drum which the 
firm brought out at the last Smithfield Show, and 
which we noticedat the time. This winding drum, 
which carries 80 yards of rope, is mounted on the 
driving axle, the arrangement being such that, when 
desired, motion can be given to it instead of to the 
road wheels. Messrs, Burrell’s third engine is an 
8-horse steam-ploughing engine .of a new pattern, 
having many neat points of detail. As, however, 
we propose to illustrate this engine shortly, we 

postpone giving any description of it. Messrs, 
Robey and Co., of Lincoln, whose stand adjoins 
Messrs. Burrell’s, adhere to the arrangement of 
traction engine which they introduced the year 
before last, and which we illustrated on page 471 of 
our twentieth volume, the engine proper being in 
this arrangement provided with a cast-iron base 
plate which is fitted to the top of the boiler. Since 
their introduction of this form of engine, Messrs. 
Robey have, from time to time, made improvements in 
details, but we do not notice in the engine exhibited 
at Liverpool any modification requiring special de- 
scription. 

e next agricultural locomotive of which we 
have to s is one of a new type exhibited by 
Messrs. omes, Sims, and Head, of Ipswich. 
This is a 6-horse engine and has evidently been 
designed with great care and attention to detail, 
and the makers may fairly be congratulated on the 
result. We hope shortly to be able to illustrate 
this engine, and we do not therefore propose to give 
any lengthy account of it here. In fact, those fea- 
tures of the engine which are of special merit, are 
not such as could be clearly described verbally. 
We may mention, however, that amongst other 
details the engine has got an excellent form of link 
motion, while the clutch levers for shifting the 
quick and slow-speed pinions are fitted with a ver 
neat and simple arrangement of locking gear whic 
prevents the possibility of one pinion being shifted 
until the other is entirely out of gear. 

A somewhat singular traction engine is exhibited 
by Mr. William Box, of Uffington. Instead of 
transmitting motion by gearing the crankshaft to 
the driving wheels as usual, Mr. Box transmits the 
motion by gearing only to a strong countershaft 
situated beneath the boiler, this shaft carrying at 
its ends disc cranks, which are connected by coupling 
rods to crank pins in the driving wheels. This 
arrangement appears to have been adopted for the 
reason, amongst others, that it enables the engine to 
be carried on springs, but it is attended with ob- 
vious and serious disadvantages. Mr. Box’s engine 
is rated as an 8-horse, and it has a 94 cylinder with 
12-in stroke, while for slow speeds the ratio of the 
gear between the crankshaft and countershaft is 
about 20} to 1. The coupling cranks have a throw 
of about double that of the engine crank, and it 
thus follows that the strain put upon the coupling 
rods is about equal to that which would result from 
coupling a 30} in. piston to them direct. Under 
certain circumstances the whole of the strain has to 
be borne by one coupling-rod, and when it is con- 
sidered that from their position these coupling-rods 
are very liable to injury if the engine gets into a 
hole, it will be seen that the arrangement is certainly 
not one to be recommended. A good deal of care 
appears to have been paid to the design of this en- 
gine, while many of the details are very neat, and we 
regret, therefore, that we cannot pronounce a more 
favourable opinion of the arrangements. 

Lastly, in this section, we have to speak of the 
6-horse agricultural locomotive exhibited hy Messrs. 
J. and H. McLaren, of Leeds. This firm are new 
exhibitors, but alchough their wovks' were only 
completed six months ago the engine now under 
notice is the seventh that they have turned out. 
In its main features the engine shown by Messrs. 
McLaren at Liverpool, is similar to the 12-horse 
engine by the same firm which we illustrate and 
describe in detail on page 37 of the present num- 
ber, the only differences being in points of detail, 
some of which we shall fiiustrate next week, 
Under these circumstances it will be unnecessary 
that we should describe the 6-horse engine here, 
and we need only say that it is an exceedingly 
well-finished piece of work. We may mention, by- 
the-by, that when steam was got up in this engine 
last T y, the movement of the cylinder on its 





slide due to the expansion of the boiler, was found 
to be a full eighth of an inch. 


PoRTABLE AND FIXED ENGINES. 

In portable engines we do not find at Liver- 
pool a single notable departure from established 
patterns, the novelties consisting of minor dif- 
ferences of arrangement and more or less valu- 
able improvements of detail, while in the case of 
fixed engines, although a greater variety is observ- 
able, there are but few really new types. As most 
of the engines in the classes of which we are now 
speaking are shown in the stands devoted to 
machines in motion, it will be convenient to follow 
the order of these stands in our descriptions, and we 
thus commence—and very appropriately—with the 
exhibits of Messrs. Clayton and Shuttleworth. 

Following their usual practice this firm gives the 

lace of honour at their stand to a beautifully 
finished horizontal engine, which for neatness of 
detail and excellence of workmanship leaves nothing 
to be desired. Of the traction engines exhibited by 
Messrs, Clayton and Shuttleworth we have already 
am, but besides these the firm show several port- 
ables, in all of which we note improvements in 
points of detail, Thus three of the engines ex- 
hibited are fitted with a new and exceedingly good 
form of iron fore carriage, cf which we give engrav- 
ings on page 33, showing it as constructed for a 
six-horse engine. Our engraving shows the whole 
arrangement so clearly, that a description is really 
unne , and we need only say that this con- 
struction of fore carriage is not only good and sub- 
stantial, but looks exceedingly well. 

An eight-horse engine exhibited by Messrs. Clayton 
and Shuttleworth is fitted with a very neat arrange- 
ment of cast-iron guide bars, of which we give an en- 
graving on page 25. Referring to our illustration it 
will be seen that not only are the bars flanged at the 
sides to retain the oil, but the lower bar is cast soas 
to form a reservoir into which the excess of oil can 
drain down, and from which it can be drawn off as 
required by the cock shown. The arrangement is 
very neat and good. 

Messrs. Marshall, Sons, and Co., of Gainsborough, 
are also large exhibitors, the most prominent exhibit 
at their stand being a 20-horse double-cylinder 
portable of a very substantial pattern. This is by 
far the largest portable engine in the Show, and it is 
suitable for doing very heavy work. The engine is 
fitted with wrought-iron crankshaft brackets having 
dove-tail grooves in which the bases of the plummer 
blocks slide, the plummer blocks themselves being 
connected to the cylinders by substantial tie rods. 
This is an arrangement which the makers introduced 
some years ago, but the present engine differs from 
those formerly made by them in the cylinders being 
placed at the firebox end and in other minor mat- 
ters of detail. The engine is fitted with link motion, 
this motion together with the valve gear of some of 
Messrs. Marshall’s other engines being got up with 
what is known as the ‘ gunmakers’ finish” after 
hardening. This mode of finishing case-hardened 
work in engines was, we believe, first adopted by 
Mr. Webb at the London and North-Western works 
at Crewe, and it looks exceedingly well. One of 
the portables exhibited by Messrs, Marshall is 
fitted with Hartnell’s automatic expansion gear, of 
which we published an engraving on page 474 of 
our twenty-second volume, while the others are all 
provided with cross-armed governors of the Farcot 


type. All the engines have wrought-iron crank- 
shaft brackets and the workmanship of all is ex- 
ceedingly good. 


At the stand of Messrs. Ruston, Proctor, and 
Co., of Lincoln, we find one of the portables 
fitted with a feed tank placed under the boiler over 
the fore carriage. This makes a very neat arrange- 
ment, and one that will be convenient in many 
instances. The firm also show one of their new 
pattern of 10-horse horizontal engine erected along- 
side a separate boiler of the locomotive type, the 
engine and boiler being shown connected up by the 
requisite steam, exhaust, and feed pipes. ‘The feed 
is pate through a heater on its way to the boiler, 
and the whole arrangement is very complete and 
well worked out in itsdetails. Of the other engines 
shown by the firm it is unnecessary to speak further 
than to say that they are of the usual standard 
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essrs, W. N. Nicholson and Son, of Newark- 
on-Trent, exhibit examples of a new type of vertical 
engine and boiler, one of these engines being fitted 
with a hoisting drum driven by friction gear. These 
engines have a frame or hollow standard of neat 





design distinct from the boiler, but mounted on the 
same bedplate as the latter, the cylinder being in- 
verted instead of below as in Messrs. Nicholson’s 
usual engines. We notice that in these engines 
both the suction and delivery pipes from the pump 
are fitted with cocks, the two cocks being coupled 
so that they open and close together. This is 
scarcely so good or simple an arrangement as that 
now generally adop by our portable engine 
builders, in which the amount of feed sent into the 
boiler is regulated by opening or closing a cock in 
an overflow pipe leading from the delivery, the 
ump always working with a full charge. Messrs. 
oods, Cocksedge, and Warner, of Stowmarket, 
also show amongst other engines a new pattern of 
vertical engine, this engine being of the inverted 
cylinder type and having a frame or standard of 
very neat design and giving good access to the 
working parts. 

At the stand of Messrs. R. Garrett and Sons, 
of Leiston, is a portable engine with a firebox con- 
structed in the manner shown by our engraving on 
page 36. From the perspective view there given it 
will be seen that instead of staying the firebox crown 
in the usual way, Messrs. Garrett have made the 
crown plate with deep corrugations running longi- 
tudinally as shown, these corrugations imparting 
the requisite rigidity. Messrs. Garrett and Sons 
inform us thata boiler fitted with a fireboxsomade has 
been tested by them to a pressure of 300 lb. per square 
inch without causing deformation. This system of 
construction involves the use of tube and back 
plates of a form somewhat inconvenient for flanging, 
while it also somewhat reduces the space available 
for the tubes, but in other respects it makes a good 
job. We may add that the flanging of the plates in 
the firebox exhibited is excellent. 

Messrs. Garrett and Sons also show a 10 horse 
power straw-burning engine on Kotzo’s system, the 
particular engine exhibited having an extended grate 
to enable it to burn sawmill refuse. In ordinary 
cases, however, Messrs. Garrett do not fit their 
straw- burning engines with an extended grate. We 
have in accounts of former shows had occasion to 
mention M. Kotzo’s system, but we have never 
described the arrangement fully, and we may, there 
fore, say something about it here. The engrav 
ings of the firebox portion, of one of Messrs. 
Garrett’s straw-burning engines which we give on 
page 36 will assist us in our description. Referring 
to these engravings it will be seen that the engine is 
provided with a somewhat deep firebox, there being 
a large opening in this firebox below the ordinary 
fire floor, and this opening being provided with a 
conical mouthpiece through which the straw is fed 
by hand. When the engine is worked with coal the 
grate is fixed above the level of this mouthpiece, as 
shown by the dotted lines. The straw firegrate 
is formed of bevelled wrought-iron bars 2 in. deep 
by } in. thick at the top and Zin, at the bottom, 
these bars being placed about 4 in. apart at the centre 
of the grate, while at the sides the ingress of air is 
checked by the introduction of a bar jin. square 
placed about 1} in from the firebox side and about 
an inch from the first bevelled bar, In one of their 
8 horse power straw-burning engines Messrs. Gar- 
rett and Sons provide 4.2 square feet of grate, while 
the firebox surface is 26 square feet and the tube 
surface 132 square feet, making 158 square feet of 
heating surface in all. The ratio of grate to heat- 
ing surface is thus 1 to 37.6. The tubes are 2}in. 
in diameter. Of course, with an arrangement of 
this kind much depends upon the skill of the stoker, 
but with proper care the engines constructed on M. 
Kotzo’s system appear to burn the straw very effi- 
ciently, and in the course of the discussion on Mr. 
John Head’s paper ‘‘On the Combustion of Refuse 
Vegetable Substances,” read before the Institution 
of Civil Engineers last January, Mr. Frank Garrett 
gave some particulars of the work done by an eight- 
horse engine of this type. These particulars we 
tabulate below: 








Pounds of 
Quantity of +. | Quantity | Water 
Date of |~ Wheat |Quantity| of Water | Evapo- 
Trial |qnd Dressea,| Barat. | TES” | Pound of 
Straw. 
| quarters. | Ib. Ib. Ib. 
May 28, 1875) 30 1582 2280 1.7 
June 7 ,, 48 2196 3504 1.6 
we Bad 254 1203 1776 14 

















During these three experiments there were thus 
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4981 lb. of straw burnt and 8160Ib. of water eva- 
porated, the average evaporation per pound of straw 
being thus 1.6lb. As the total quantity of wheat 
thrashed and dressed was 1034 quarters, the quantity 
of straw burnt amounted to 48.1 lb. a quarter. Mr. 
Garrett added that these trials were made during 
somewhat unfavourable weather, and that he antici- 
pated much better evaporative results from straw 
in better condition. 

A novelty in steam engine design is shown by 
Mr. F. W. Turner, of St. Albans, who exhibits 
several engines of a type which he has designed and 
patented. We propose to illustrate one of these 
engines in an early number, but meanwhile we may 
give some general particulars of the design. Asin the 
Brotherhood and the Willans engines the pistons in 
Mr. Turner’s engine are coupled direct to the crank- 
shaft by the connecting rods, the crankshaft running 
in a chamber into which the exhaust steam discharges. 
Each piston has a trunk on its underside, and the 
steam is constantly admitted to the space around 
this trunk, so that its pressure on this annular area 
tends to constantly force the piston upwards. From 
this annular space the steam is admitted by a slide 
valve, working in the piston itself, to the upper side 
of the piston. The valve is actuated by a valve rod 
driven from an eccentric formed on the crank-pin, 
and the whole arrangement is very compact. One 
of the engines exhibited is fitted with a very simple 
reversing gear, the construction of which cannot be 
clearly explained without the aid of an illustration. 

At Messrs. Ransomes, Sims, and Head’s stand the 
engines exhibited are of the regular types made by 
the firm, one of them being fitted with Head and 
Schemioth’s straw-burning apparatus. We are glad 
to hear that this apparatus is fully bearing out the 
opinion we formed of it when it was first introduced, 
the results obtained with it in practice being ex- 
cellent, The fact of the feeding being performed 
mechanically by Messrs. Head and Schemioth’s 
arrangement is a very decided advantage when 
dealing with such fuels as these engines are intended 
to burn. 

Messrs, Appleby Brothers, of London, who for 
some years have not put in an appearance at the 
Royal Agricultural Show, have an extensive series of 
exhibits at Liverpool. Amongst these is a horizontal 
condensing engine fitted with Appleby and Comes’ 
variable expansion gear, this consisting of a governor 
on the flywheel shaft, which shifts the position of 
the expansion eccentric. We propose to illustrate 
the arrangement shortly, so that we need not 
describe it further here. Messrs. Appleby also show 
a good collection of hoisting machinery, including a 
direct-acting steam hoist with a pair of oscillating 
cylinders, a hoisting engine in which the link 
motion is replaced by an arrangement of bevel gear 
for shifting the eccentric round the shaft, a very 
good 3-ton portable steam crane, and other ma- 
chinery. Adjoining Messrs, Appleby, the Patent Steam 
Boiler Company, of Birmingham, have erected one of 

toot’s 40-horse ‘‘safe and sure” boilers, atype of boiler 
which, from what we hear, has given greater satis- 
faction than any other of the tubulous pattern so 
far introduced. ‘The same exhibitors also show a very 
simple arrangement of mechanical stoker, of which 
we shall speak further hereafter. 

At the stand of Messrs. Riches and Watts, of 
Norwich, the most noticeable exhibit is an ex- 
cellently finished horizontal condensing engine. 
This engine has a frame of the Corliss type, this 
frame being mounted on a substantial bedplate 
which is sufficiently long to carry the air pump, 
this pump being placed in a line with the cylinder 
and driven by an extension of the piston rod through 
the back cylinder cover. The engine has a steam- 
jacketted cylinder, ‘and the whole design is exceed- 
ingly neat and good. Messrs. Philip and Henry 
Gibbons, of Wantage, also show examples of a new 
type of horizontal engine with a very neat frame’ of 
a modified Corliss pattern, These engines have 
evidently been designed with care. At the stand of 
Messrs, Brown and May, of Devizes, the only novelty 
is the very neat arrangement of combined portable 
and hoisting engine, which we illustrated on page 
448 of our last volume. Messrs. Brown and May 
are now fitting all their engines with their apparatus 
for cleaning the tubes by means of the momentary 
application of a very powerful blast of live steam, 
an arrangement which appears perfectly successful 
and which saves much Leas. 

The stand of the American Motor Company, of 
Birmingham, is one which will be examined with 
much interest by many of our makers of small en- 
gines, At it are exhibited examples of the ‘‘ Baxter” 





engine, manufactured by the Colt’s Patent Fire- 
arms Manufacturing Company, of Hartford, Con- 
necticut. We propose next week to illustrate this 
engine, but meanwhile we may say that the arrange- 
ment consists of a vertical boiler, the top of which 
forms the bedplate of the engine, the cylinder and 
valve-chest being in the steam space, and being 
thus thoroughly steam jacketted. There are many 
neat points of detail in the design, but what we par- 
ticularly desire to call attention to here, is the quality 
of the workmanship. In constructing these engines 
the makers have brought to bear their experience as 
gun manufacturers, and they have adoptedspecialma- 
chinery to construct every detail to an exact size and 
gauge, so as toentirely doaway withspecialfitting. Of 
course the practice of working to gauge is common 
amongst our large firms here, but those familiar 
with the subject know that the accuracy of the 
gauging in engine works is, with few exceptions, 
vastly inferior to that enforced in gun factories. 
As a result of the system on which they are made the 
Baxter engines show aclass of workmanship which is 
certainly not generally found in small steam motors, 
and in this respect they constitute an example 
worthy of imitation. 

Passing by the stand of Messrs. Crowther and 
Co., of Huddersfield, where some exceedingly rough 
engines are shown, we come to that of the General 
Engine and Boiler Company, of London, where we 
find a horizontal engine of the type which we illus- 
trated on page 341 of our last volume, the bedplate 
being raised on standards, so as to keep the engine 
clear of the ground, and avoid the necessity of a 
flywheel pit. There is also a smaller engine similarly 
arranged, but fitted with Northcott’s automatic ex- 
pansion gear, and a still smaller engine mounted on 
one base-plate with a vertical boiler. We have al- 
ready expressed a good opinion of the arrangement of 
this type of engine, and of the general design of the 
details ; we think, however, that in the larger engines 
exhibited the parts of the valve gear might be 
strengthened with advantage, the guide surface for 
the valve spindle being amongst other things very 
small, 

Amongst the new exhibitors at the Royal Agri- 
cultural Society’s Show this year we notice Messrs. 
Alexander Shanks and Son, of Arbroath, who have 
at Liverpool a collection of their new pattern of 
vertical engine and boilers. The engraving which 
we give on page 25 will explain the features of 
Messrs. Shanks and Sons’ design, which is very 
neatly worked out in its details. As will be seen 
from our engravings, the boiler is the ordinary 
vertical pattern with conical cross tubes in the fire- 
box, the shell, however, being carried down below 
the firebox ring so as to form the sides of the ash 
pit. The boiler stands on a water tank base plate, 
in which the feed becomes warmed and on which 
the engine also is mounted. The engine has a neat 
hollow cast-iron frame of the steam-hammer type, 
this frame being distinct from the boiler. The 
engine is controlled by a Buss governor acting on 
an equilibrium valve, and in the larger sizes an ex- 
pansion valve, adjustable by hand, is also provided. 
Messrs. Shanks and Sons also show a handy type of 
hoisting engine, in which the reversing gear and 
stop valve are worked by one hand lever, the 
arrangement being such that the stop valve is closed 
when the link motion is in mid gear. 

Last, but not least, we must mention in this section 
one of the most interesting exhibits in the Show, 
namely, the Otto silent gas engine, constructed by 
Messrs. Crossley Brothers, of Manchester, but ex- 
hibited by Mr. A. Gadsby, of Liverpool. The Otto 
and Langen gas engine, of which Messrs, Crossley 
Brothers have made such large numbers, and in 
which they have introduced so many improvements, 
has already been fully described in our pages (vide 
pages 514 and 515 of our twentieth volume), and 
we have expressed a high opinion of its usefulness as 
a motor where small powers are required. The Otto 
and Langen engine is, however—notwithstanding 
Messrs. Crossley’s improvements—somewhat noisy, 
and this is an undoubted objection in some cases. 
The new ‘ Otto” engine, therefore, working as it 
does as quietly as a steam engine, opens up a still 
further field for the employment of gas motors, 
while apart from its silent action it possesses other 
advantages. We hope shortly to illustrate and 
describe this engine in detail, but meanwhile we 
may. point out its chief features, The principal 
peculiarity of the engine lies in the arrangement for 
igniting the charge of mixed gas and air when this 
charge is compressed toa propre of 30 1b. or. so 
above the atmosphere. It has been found that 





when gas and air are thus compressed ignition is 
possible with a very much weaker mixture than 
when they are at atmospheric pressure only, the 
compression sapanieg to bring the particles within 
the range of chemical attraction. weak mixture 
of gas and air thus ignited burns more slowly than 
one containing a higher percen of gas, while the 
heat resulting from the combustion is imparted to 
the non-combustible portion of the mixture, ex- 
panding it and giving that sustained pressure on 
the piston which has been an element so wanting in 

revious gas engines, We have now before us.an 
indicator diagram, taken in our presence from the 
new engine, in which the terminal is equal to one- 
fourth the initial pressure, the diagram in fact look- 
ing like one taken from an ordinary non-condensing 
steam engine with the throttle valve partially 
closed. A charge of the mixture is exploded in the 
cylinder once in every two revolutions only, the 
cylinder acting alternately as a pump and a motor. 

he arrangement by which this action is attained, as 
well as the mode of lighting, is exceedingly simple 
and effective, and altogether the engine forms a y 
novel motor of very exceptional interest, 

We have in the course of the foregoing notes on 
the portable and fixed engines shown at Liverpool, 
necessarily omitted the names of many firms who 
are large exhibitors, but amongst whose exhibits 
no novelties are to be found. Such is the case, for 
instance, with the exhibits of the Reading Iron 
Works Company, Messrs. Hornsby and Sons, 
Messrs. Robey and Co., Messrs. Tuxtord and Sons, 
Messrs. Tangye Brothers, Messrs, E, R. and F, 
Turner, Mr. Hindley, Messrs, Davey, Paxman, 
and Co., Mr. Dodman, and other well-known firms, 
all of whom show engines worthy of examination, 
but not requiring description here. 


Stream Pumps. 

The manufacture of steam pumps has now become 
such an important branch of mechanical engineering, 
that the exhibits of this class at Liverpool well 
merit a section to themselves, Of course there are 
to be found at the Show many examples of well- 
known types which have already established their 
reputation, such for instance as the ‘‘special” pumps 
of Messrs. Tangye, and the ‘ universal” jpumps of 
Messrs, Hayward Tyler, but of these we do not in- 
tend to speak here, our space only permitting us to 
notice new candidates for favour, 

Messrs, Hodgkin, Neuhaus, and Co. are. exhi- 
bitors of a large collection of pulsometers, an appa- 
ratus which we fully described last year (vide page 56 
of our twenty-second volume) in connexion with 
our account of the Birmingham Show when it was 
exhibited for the first time. This year, however, 
Messrs. Hodgkin, Neuhaus, and Co. show a decided 
novelty in the form of a modification of the pulso- 
meter, to which they have given the name of the ‘‘ hy- 
———. this apparatus being specially designed 
for boiler feeding. ‘The pulsometer, it will be re- 
membered, acts by the direct pressure of the steam 
on the water to be lifted, and. to most of those 
familiar with the apparatus, it will be curious that 
it has been ado for. boiler feeding at all, as the 
resistances to be overcome—including friction in 
the passages, suction lift, &c,—must necessarily be 
in excess of the pressure of steam available, Thanks, 
however, to Mr. J. H. Heck, the engineer to the 
manufacturers, a form of pulsometer has been at 
length constructed which serves perfectly for 
boiler-feeding purposes. Of this apparatus, or 
‘‘ hydrotrophe,” the engravings on page 33 will serve 
to explain the construction. ‘The apparatus consists 
of a casting forming two chambers A A, these 
chambers opening by narrow necks into the chamber 
J, which contains the ball valve B. This valve B 
oscillates alternately, admitting steam to either of 
the chambers A. At the bottom of the chambers A 
is a breeches piece on which are placed the suction 
valves C C, these valves with their seats being 
made of hard phosphor-bronze and being accessible 
through the hand holes H, On one side of each 
chamber A is an opening leading to the correspond- 
ing delivery valve F (see Fig. 2), this being a 
mitre valve working horizontally, and provided 
with long feather guides, Messrs. Hodgkin, 
Neuhaus, and Co. are now making these delivery 
valves adjustable as to lift, by means of a pin passed 
through the cover H, but not shown in our engrayv- 
ings. The delivery branch is shown at K, while at 
G is an air vessel on the suction branch; this vessel 
being provided with a plug through which the - 
hydrotrophe is filled with water. Passing through 
the wall which separates the chambers A is a short 
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injection pipe M, which serves to accelerate the 
condensation of the steam when the apparatus is 
working on a long suction lift ; N is the steam inlet 
and L the suction pipe. 

In order that the ‘‘ hydrotrophe” may do its work 
the bottom flange of the discharge branch must be 
at least 18 in. above the water level in the boiler, 
and its action is then as follows: The apparatus 
having been filled with water through the plug-hole 
in the air chamber G, steam is turned on and 
in through the opening N into whichever of the 
chambers A happens at the time to have its mouth 
uncovered by the ball valve B, and depresses the 
water in that chamber, forcing it into the boiler. 
This goes on until the water has been depressed to 
the level of the centre of the opening leading to the 
discharge valve, when owing to the shape of the 
passage the steam is brought into intimate contact 
with the water and becomes instantly condensed, 
thus causing a partial vacuum in the chamber which 
contains it, and causing the ball valve B to be drawn 
over to close the neck of that chamber, thus leaving 
the other chamber free to receive steam. As soon 
as the neck is closed a more or less perfect vacuum 
is formed in the chamber which has so far been 
acting (the formation of this vacuum being in some 
cases assisted by the jet M) and the chamber 
then becomes refilled through the suction valve 
ready for another operation. In this way the 
chambers act alternately. The ‘‘ hydrotrophe,” we 
are informed, will inject water at from 130 deg. to 
150 deg. when working with a suction lift of from 
5 ft. to 9 ft., while if fed from a tank above its own 





(For Description, see Page 22.) 
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level it will inject water heated to from 140 deg. to 
170 deg. As will be seen from our description, the 
possibility of its acting as a boiler feeder depends 
upon the instrument being placed above the water 
level in the boiler, the pressure of the steam acting 
on the water being thus aided by the head of water 
due to the height of the hydrotrophe above the 
water line. It will be seen that the objection in 
some cases raised to the employment of the pulso- 
meter as a water raiser—namely, that it uses a large 
quantity of steam—ceases to be an objection to the 
hydrotrophe, as in the case of the latter any heat 
imparted to the water by the steam used is returned 
to the boiler with the feed. The apparatus is very 
simple, and as far as can be judged, it should be 
very durable, as there are no moving parts except 
the valves, and these are not subjected to any severe 
shocks. Altogether the hydrotrophe is a very in- 
teresting apparatus, and we may add that it is 
suitable for delivering water against high lifts as 
well as for boiler feeding. 

For the purposes of experiment, Messrs. Hodgkin, 
Neuhaus, and Co. show at Liverpool a hydrotrophe 
of the size which they propose to provide for a 
30-horse boiler, fixed to the top of a semi-portable 
6-horse boiler, and with this apparatus some trials 
were carried out by the judges on Tuesday last, the 
results being as follows: In the first experiment 
cold water was fed into the boiler, the depth of suc- 
tion varying from 3 ft. 7}in. to 5 ft., and the 
number of pulsations _ minute beingten. Under 
these circumstances the apparatus worked steadily 
and fed in ;1.89 gallons of water per minute, the 
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steam ‘pressure being 50 lb. Experiment No. 2 
commenced with the hydrotrophe taking water from 
a tank 5 ft. above the inlet valves, but owing to a 
leakage of the foot valve this trial had to be dis- 
continued. It was, however, successfully re- 
peated subsequently, as will be seen when we 
speak of experiment No. 9. The third experi- 
ment was made with the feed heated to 130 deg., 
with which temperature of feed-water the hy- 
drotrophe commenced pumping, the minimum 
speed for regular work under these conditions being 
18 pulsations per minute. In the fourth trial the 
feed-water was at the same temperature as in ex- 
periment No. 3, namely 130 deg., and with 50 lb. 
steam the apparatus worked steadily at 26 pulsations 
per minute, delivering 5.41 gallons per minute into 
the boiler. In the fifth trial the same conditions 
were maintained, but the hydrotrophe was stopped 
and started several times, it in each case starting 
promptly, and taking its water at once. In experi- 
ment No. 6 the conditions were the same as in the 
three previous experiments, except that the number 
of pulsations was increased to 29 per minute, the 
quantity of water delivered being increased to 6.21 
gallons per minute. In the seventh experiment the 
temperature of the feed was increased to 140 deg., 
and with the number of pulsations remaining the 
same as in experiment No. 6 the quantity of water 
delivered was reduced to 4.51 gallons per minute. 
In experiment No. 8 the temperature of the feed 
was still further increased to 150 deg., but this tem- 
perature was too high to allow of the action of the 
apparatus, which for a time worked irregularly and 
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then stopped. Lastly, experiment No. 2 was re- 
peated, the water being in this case taken from a 
tank about 4ft. 6in. above the level of the inlet 
valves of the hydrotrophe, and under these cir- 
cumstances the apparatus worked steadily at 28 pul- 
sations per minute, the temperature of the feed 
being about 68 deg., and the rate of delivering into 
the boiler 5.94 gallons per minute. Altogether these 
experiments were highly satisfactory in their re- 
sults, 

Messrs. Joseph Evans and Sons, of Wolverhamp- 
ton, show examples of their pumps with piston slide 
valves, of which we published an illustration on 
page 147 of our Jast volume, and they also show an 
exceedingly neat and compactarrangement of vertical 


donkey pump constructed on the same plan, and | p 


which has been specially designed for use on ship- 
board. We propose to illustrate this pump shortly, 
Messrs. Evans and Sons’ exhibits are noticeable for 
their very good workmanship. We may mention 
here, by-the-by, although out of its proper place, 
that the firm exhibit a very well-finished horizontal 
engine fitted with Pickering’s governor, of which 
governor Messrs, Evans and Sdns also show other 
examples. 

Messrs. Hayward Tyler and Co, show one of 
Cope and Maxwell’s steam pumping engines with a 
valve gear’ which is a simplification of that applied 
to the compound steam pump which they exhibited 
at Birmingham last year, and which we illustrated 
at the time (vide page 57 of our twenty-second 
volume). The valve gear of the pump shown at 
Liverpool we illustrate on page 33 of the present 
number. . Referring to our engraving it will be seen 
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that the crosshead driven by the piston A of the steam 
cylinder is connected by a link to a lever a having 
having its fulcrum on a bracket above the piston 
rod. The upper end of the lever a is in its turn 
connected by the links 4 to the cataract cylinder c, 
which slides on the bracket already mentioned. 
The piston on the cataract cylinder is connected by 
the rod d with the pistons i i' working in the 
auxiliary cylinder above the main steam cylinder, 
these pistons giving motion to the main slide valve 
h. On the top of the cataract cylinder is the arm 
e, which, as the cylinder moves to and fro, comes into 
contact alternately with the tappets * fe, on the rod 
of the small auxiliary slide valve g. e action of 
the arrangement is as follows: Yet us suppose the 

arts to be in the position shown in our engraving, 
and the pump to be started by shifting the mi | 
auxiliary slide g towards the left. Steam will then 
be admitted through the h* against the valve 
piston 7', and the main slide valve will be forced 
towards the left, thus admitting steam to the right- 
hand end of the main steam cylinder, The main 

iston-rod will then move tow: the left-hand, and 
in so doing the cataract cylinder e will be moved 
towards the right, the effect being that if the main 
piston A moves at a greater rate than that at which 
the cataract piston is allowed to move, the main 
slide valve will be carried back towards the right, 
and the admission of steam to the right-hand end of 
the main cylinder will be stopped. During the 
stroke in the reverse direction the opposite action 
will, of course, take place. The gear works well 
and maintains a good control over the engine when 
the load on the pump is suddenly thrown off. . 
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The Imperial Pump and Engineering Com A 
of Smethwick, show a good collection of Thee 
pumps, including a vertical pump, with some 
special features of which we hope shortly to give 
an engraving. In the meanwhile we give on page 
36 a section which will explain the action of the 
horizontal pumps made by this firm, Supposing 
the piston to have just completed its stroke to- 
Ww the right, and to be in the position shown 
in our illustration, it will have just passed the 
small port D, and the steam which was behind it 
will thus pass y teoree this port, and lifting the 
auxiliary valve A, will flow-through the small port 
E to the space at the right-hand end of the plun 
C, thus forcing it over into the position in which 
it is shown in our engraving, carrying with it the 
main slide valve. The steam then flows through 
the passage K to the right-hand end of the main 
cylinder, and the piston commences its stroke to- 


wards the left, the piston again passes the port 
D, steam would escape heonah t port were it not 
that the movement of the plunger C to the left, in 


addition to shifting the main slide, also admits steam 
through a small port F to the top of the auxiliary 
valve A, and replaces it on ite seat, thus shutting 
off the communication with the valve cylinder. 
During the stroke in the opposite direction, the 
action above described is capone at the opposite 
ends of the cylinder. As will be seen from de- 
scription, the arrangement is a very simple one, 
and the pumps shown at Liverpool work very 


8 y: , 
The last steam pumps we have to notice here are 
those shown by the Coalbrookdale Company, of 
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Coalbrookdale, these pumps being constructed on 
Messrs, Parker and West's patent, It will be remem- 
bered that nearly a year ago (vide page 120 of our 
twenty-second volume) we illustrated Messrs. Parker 
and West’s pumps as exhibited by the Coalbrookdale 
Company at the Birmingham Show; since that 
time, however, their construction has been con- 
siderably modified, and we intend shortly to 
illustrate the new arrangement as shown at Liver- 
pool. This being so, we shall not attempt a detailed 
description of the pumps here. At Liverpool the 
makers show, amongst other varieties, a compound 

umping engine constructed on Messrs. Parker and 
West's system, and provided with a very neat cata- 
ract governor which controls the admission of steam 
to the cylinder in accordance with the pressure 
against the pump piston, the steam being shut off 
altogether in the event of a suction or delivery pipe 
giving way. The Coallrookdale Company also 
show a small blowing engine, in which Messrs. 
Parker and West's arrangement is adopted, the 
blowing cylinder replacing the ordinary pum 
cylinder, The arrangement works exceedingly well. 
We shall have more to say of these pumps when we 
illustrate them. 


Cuarr-CuTrers AND MILLS, 


Messrs, Richmond and Chandler, of Manchester, 
have improved their chaff-cutting machines in several 
respects, having fitted them with a stop motion to 
be worked either by hand or ‘foot, and a self-acting 
reverse motion. ‘This motion is so arranged that 
the rollers and the web are both reversed instanta- 
neously by one movement of a lever. ‘The re- 
versing lever is so placed that if by chance the 
attendant should get his hand caught between the 
rollers, his arm will almost of necessity be brought 
against the lever, when the rollers will be reversed 
and the hand liberated. Messrs. Hunt and Tawell, 
of Earl’s Colne, Essex, exhibit a series of chaff- 
cutters gradually increasing in size. One of these 
machines is shown as sold in combination with a 
light horse gear with separate intermediate motion. 
The chaff-cutters of Messrs. Lowsock and Barr, of 
Shrewsbury, are fitted with a new safety bar which 
is attached to the reversing levers and against which, 
it is argued, the body of the attendant must natu- 
rally press if his hand was caught in the machine, 
the pressure reversing the apparatus and freein 
his hand. The chaff-cutting machine of Mr. 
Allcock, of Ratcliffe-on-Trent, Notts, is fitted with 
a new » reverse, and stop motion. Should the 
attendant’s hand or any foreign substance get be- 
tween the [rolls, the pressure acts on a lever and 
causes the rolls to be reversed and the intrusive 
substance to be ejected to the rear of the rolls. The 
well-known chaff-cutting machine of Mr. S. Ed- 
wards is exhibited by Messrs. Crowley and Co., of 
the Meadow Hall Iron Works, near Sheffield, They 
now combine a neat corn-crushing mill with it, but 
the working of each is independent of the other, a 
very useful machine being thus produced. The 
chaff - cutters of Messrs, Bamford and Sons, of 
Uttoxeter, Staffordshire, are fitted with their new 
slide for altering three lengths of cut without 
change wheels or without removing the cover. This 
is effected by means of three pinions fixed on a 
sliding shaft and which gear into pinions on the 
motion shaft for the various cuts. ‘The chaff-cutter 
of Messrs. J, Williams and Son, of Rhuddlan, near 
Rhyl, are fitted with clutch gear to cut two lengths 
of chaff without change wheels, and they have the 
stop and ‘reverse motions all on the flywheel shaft. 
The legs are of wrought iron and are made remoy- 
able for shipment. essrs. Woods, Cocksedge, and 
Co., of Stowmarket, have introduced a worm-wheel 
arrangement for altering the length of cut. The 
machine cuts two lengths, and works with a large 
flywheel and hollow-bladed knives. 

Messrs. Riches and Watts, of Norwich, exhibit a 
new and very efficient mill for softening fine mid- 
dlings or breaking down Mesa reparation for the 
stones. Itis the inyention of Herr Wegmann, of 
Berne, and it consists of two pairs of porcelain 
rollers with differential speed oat self-acting pres- 
sure. The principle adopted is that of a squeezing 
action instead of the tearing action now used under 
millstones for the reduction of middlings into flour. 
The a rollers have a peculiar porous surface, 
which quality plays an important part in producing 
the successful results which attend the use of the 
machine, Messrs. W. N. Nicholson and Son have 
brought out a SL ae ist mill with 


.|silk. The tube is of zinc, 12 in. in diameter and 


in its smallest diameter and 10in. in its largest, 
This matrix is carried on the top of a vertical 
indle ; it is supported in a tripod frame and carries 
the driving pulley. The surface of the matrix is 
deeply grooved at the top for kibbling purposes and 
finely lined at the bottom for grinding into flour. 
It revolves inside a concave similarly grooved but 
cut in the reverse direction, The position of the 
concave with regard to the matrix is altered by 
means of a handwheel and levers, which raise or 
depress it at will and adjust it for fine grinding or 
for kibbling. The grinding surfaces remain idle 
when kibbling only is being performed. It is fitted 
with a safety appliance for passing stones and hard 
substances without causing injury to the grinding 
surfaces. Messrs. Vipan and Headley, of Leicester, 
exhibit a new corn crusher of easy power, in which 
the quantity crusbed can be regulated by a feed 
slide. 
In the oilcake breaker of Messrs. H. Bamford 
and Sons, the sizes of the pieces of cake are regu- 
lated by means of a spring handle working in a 
notched quadrant instead of by set pins. Seven 
different sizes are obtainable by this machine. The 
motion parts are neatly covered in. In the oilcake 
breaker of Messrs. Wood, Cocksedge, and Co., of 
Stowmarket, the gearing has been much simplified, 
only one worm and worm wheel being used, there 
being no pinions or cogs in the machine. 
The Maldon Iron Works Company, Maldon, 
Essex, exhibit a combined turnip cutter and slicer, 
in which the roots are sliced with blades similar to 
those of a chaff-cutter. The fingers are produced 
by sections of steel which are held in a cast-iron 
late and screwed on to the cutter disc with two 
olts, ‘There are three of these finger pieces, which 
are removed when slicing only isrequired. Messrs. 
Wood, Cocksedge, and Co. exhibit a root pulper 
and cutter which can be used for either purpose by 
simply reversing the knives. The knives for pulp- 
ing have a planing action, whilst those for cutting 
have a chipping action and form small pieces some- 
thing like finger-pieces. 


FLour-DRESSING AND SEED-CLEANING MACHINES, 
In the silk flour-dressing machine of Messrs, 
Lampitt and Son, of Warwick, a new feeding tube 
has been introduced, so as to enable the feed to be 
delivered on to the first, second, or third sheet of 


telescopic, with two opening joints in its length, and 
having a feeding screw working within it. According 
to the point at which the feed is required to be de- 
livered the tube is projected forwards and its joints 
opened or withdrawn, and its joints closed, by a 
handwheel and screw. The reel-bars, or silk car- 
rying rails, have a number of tin insertions, set at 
an angle, and running the whole length of the bars, 
By this means the meal is propelled in one conti- 
nuous stream, and is perfectly spread over the 
riddling part of the silk, The reel-bars also act as 
an efficient bran cleaner. The reel is constructed 
upon turned rings carried upon friction wheels. 
The bran cleaner exhibited by the same makers 
acts much in the same way as their flour dresser, 
the bran being fed in by a screw at one end, The 
apparatus is specially adapted for separating bran 
and offal from the meal before it is put into the silk 
flour-dressing machine. Messrs. W. Houghton and 
Co., of Great Grimsby, exhibit a combined offal 
and middlings separator, which has a horizontally 
revolving brush, working in a drum. The bran 
being fed in at the top of the drum, the flour is 
delivered at the bottom, the bran and offal passing 
into perforated zinc shaking riddles of three dif- 
ferent sizes through which the offal is sorted, the 
bran passing out at the end of the machine. For 
separating middlings, silk sieves are substituted for 
the zinc riddles, A fan at the top of the machine 
carries off the light meal into a dust chamber. 
Messrs. Walker and Pendleton, of Naylor-street, 
Liverpool, exhibit Vangelder’s grain cleaner and 
smut machine, which consists of a vertical grooved 
stone cylinder, between the inner face of which and 
the periphery of a revolving cylinder covered with 
uze wire the grain is introduced. It is at first 
iven with great force against the rough surface of 
the stone cylinder, which removes the smut and chaff 
which is drawn up by an exhaust fan and deposited 
in areceiver. Messrs. J. Walworth and Co., of Brad- 
ford, Yorkshire, also exhibit a middlings purifier, 
in which every particle of the middlings is held in 
suspension by currents of air and separated accord- 
ing to weight. 


and separator of Messrs. Stiddolph and Aggio, of 
Colchester, in which the work is done by gravita- 
tion, the screens have been made removable. Thus 
the machine can either be set to separate seeds by 
means of inclined flat surfaces, or to screen corn 
by means of a wire’screen. Mr. J. Catchpole, of 
Framsden, Suffolk, introduces a corn and seed sepa- 
rator with shifting shelves. Formerly the shelves 
were fixed, but in this machine they are movable, 
the spaces between them being fe Boe by a lever 
arrangement actuated by a handwheel at the head 
of the machine. The speed of the flow is regulated 
by a screw worked from the foot of the machine by 
a small handwheel. 
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Horse GEARS. 

Messrs. Richmond and Chandler have effected a 
useful improvement in horse gears, by means of 
which a frequent source of breakage has been got 
rid of. According to the general practice of con- 
structing these implements, when the horse stops 
the impetus of the machine attached to the gear 
causes the poles to be driven against the horses’ 
legs, causing them to kick or plunge. By means of 
a loose wheel and a ratchet wheel placed between 
the belt pulley and the horse gear the pole stops 
directly the horse ceases to pull. Messrs. Hunt and 
Tawell, of Earl’s Colne, Essex, have improved their 
pony gear by using a covered instead of an open 
wheel. They have also a regular series of these 
gears, there being two intermediate sizes between 
the pony and the one-horse gears. Their horse 
gears are also shown with an increasing motion on 
the same frame. Messrs. W. N. Nicholson and 
Sons, of Newark, exhibit a new vertical interme- 
diate motion. The vertical shaft is fitted with a 
horizontal flanged pulley, from which any number 
of food-preparing or other machines, ranged in a 
circle round the gear and at equal distances from it, 
can be driven by means of a half-twist strap. The 
belt or bands can be readily shifted from one 
machine to another, and the necessity for a counter 
shaft is obviated. The intermediate motion is 
fitted with a reversible clutch, which prevents th2 
pole of the gear being dragged on to the horses’ 
legs in case of sudden stoppage by the momentum 
of the machinery. In like manner Messrs. Bam- 
ford, of Uttoxeter, have improved their horse gear 
and rendered its use more 1 They fix a self-acting 
spring ratchet on the intermediate motion, thus 
ermitting the machine to run on after the horse 
as stopped, without affecting the pole. Messrs. 
Williams, of Rhuddlan, near Rhyl, in their new 
horse gear, use a dome wheel, the intermediate 
motion being envased inside it, making a safe 
arrangement. 





The exhibits in other departments of the Liver- 
pool Show we must leave for notice until next week. 








NOTES FROM CLEVELAND AND THE 
NORTHERN UNTIE 
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MIDDLESBROUGH, Wednesday. 
The Quarterly Meeting of the North of England Iron 
Trade.—Yesterday the quarterly meeting of the North of 


meee iron and allied trades was held in the Exchange, 
Middlesbrough. There was not such a large attendance as 
usual, and very little business was done. The prices were 
nominally the same as last week. The usual facilities were 
afforded for |the exhibition of articles of interest to the 
trade, and Messrs. Bolckow, Vaughan, and Co., of Middles- 
brough, showed some specimens of steel made from Cleve- 
land iron at their new steel works, Eston. ‘The specimens 
were declared to be excellent. These steel works when 
complete will be amongst the largest of the kind in the 
world, and will afford employment to about 2000 men. 


The Monthly Returns.—The Cleveland Ironmasters’ 
Association returns for June show that out of 161 blast 
furnaces only 110 were in operation, 51 being idle. There 
are three furnaces being erected. 


The Finished Iron Trade.—In the finished iron trade 
there is next to nothing doing, and many of the works 
which have been standing idle for months remain closed. 
It is proposed to reduce the ironworkers’ wages 10 per cent. 
The of Arbitration, which includes representatives 
of both employers and employed, selected Mr. David Dale, 
of Darlington, as sole arbitrator. That gentleman has 
consented to fill the delicate and difficult position, and a 
court of arbitration will soon be held to settle the wages 
question. 

The Coal and Coke Trades.—There is nothing new to 
report in the coal and coke trades. 

Engineering and Shipbuilding.—On the , Wear, 
and Tees there is a fair amount of activity in these 
branches of ind’ . In the latter river there are several 








very few working _ mg portion of 
this mill consists of a bell-shaped wiital mentrix 6 in, 


the combined corn screen, and seed cleaner, 


large shisdiies end end or two iron sailing ships nearly 
ready for sea. 
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THE INFLEXIBLE. 

Tue Inflexible controversy has made considerable 
progress within the last few days. The Govern- 
ment have at last come to recognise the fact that a 
full and searching inquiry into the matter is abso- 
lutely necessary to satisfy Parliament and the public, 
and they have wisely decided to appoint a Committee 
or Commission of capable men independent of the 
Admiralty to conduct the investigation. Whatever 
the result of this inquiry may be, whether the vessel 
be pronounced safe or unsafe in action, whether her 
safety is found to be independent of her un- 
armoured ends or not, full inquiry had become un- 
avoidable, and were it not for another circumstance 
mentioned below, we should be content to leave 
matters as they stand for the decision of the Com- 
mittee. 

Simultaneously with the promise of a Commission 
or Committee of Inquiry we have the Admiralty 
papers promised recently by Mr. Egerton. These 
papers contain copies ‘‘ of the official documents 
relating to the design of H.MLS. Inflexible, and of 
the correspondence between Mr, E. J. Reed, M.P., 
and the Admiralty in connexion with the stability 
of this ship.” 

They contain reports made by the Constructors’ 
Department to the Board of Admiralty before 
the ship was built, certain data respbcting her 
stability, minutes by Mr. Barnaby and the Con- 
troller in reply to Mr. Reed’s criticisms, and me- 
moranda by the Director of Naval Ordnance and 
others. We look in vain through the minutes 
written by Mr. Barnaby and the Controller for any 
explanation or logical argument in defence of the 
ship, If half the space devoted to abusing Mr. 
Reed had been filled by a temperate and dignified 
reply to his arguments, the Constructors would 
certainly stand in a much better position before the 
House of Commons and the country, Criticism 


. Constructors’ Department. 





doubtless causes annoyance, and this is a sufficient 
excuse, perhaps, for disregarding the feelings of the 
critic. It can never excuse one’s forgetting the 
dignity of his own position or justify his descending 
to offensive personalities, or account for his becom- 
ing irrelevant and inconsequential where he should 
be temperate, logical, and to the point. Mr. 
Barnaby’s minutes on pages 14 and 18 of these 
gh are ereny unworthy of his reputation or his 

igh position, and will certainly be read by him with 
regret some time hence. After admitting that Mr. 
Reed’s estimate of the position of the centre of 
pete: agrees with his own, it is childish to talk of 

aving given him the weapon he is now using, or 
about knowing its exact value, or to say the criti- 
cism would be pointless if he had not confirmed its 
accuracy. Itis avery convenient doctrine to lay 
down that criticism of Her Majesty’s ships is to re- 
main pointless until its accuracy is confirmed by the 
A good sound official 
doctrine doubtless, but not one likely to thrive out- 
side, 

However, setting aside all personalities and other 
irrelevant matters as having no real bearing on the 
question, however much their introduction is to 
be deplored, we have carefully examined these docu- 
ments with a view to clearing up in our own minds 
the following points : 

1. Was it originally intended or pretended at the 
time this vessel was designed to provide her with 
sufficient armour-protected stability to insure her 
safety without help from the unarmoured ends ? 

2. Has the ship really got, according to the calcu- 
lations of the Admiralty Constructors themselves, 
sufficient stability in her armoured citadel to render 
her seaworthy without aid from the unarmoured 
ends? 

3. If the ship does depend for safety in action 
upon the unarmoured ends and the cork chambers 
in them, what evidence have we that those devices 
will prove effectual or that any one outside the 
Constructors’ Department knew until recently that 
such a vast change had been introduced into the 
construction of our ironclad fleet ? 

These are the points, as we take it, that were raised 
by Mr. Reed and by the Zimes, and they are the points 
which every one interested in our Navy is necessarily 
anxious to see cleared up. The first two of them 
are certainly cleared up most conclusively by these 
papers to any one who will take the trouble io study 
them carefully, although unfortunately the papers 
and figures are so arranged that to a casual reader 
the second point at least will appear as obscure as 
ever, if not more so. These documents show most 
conclusively that the Constructors did when they 
designed the vessel intend that the armoured 
citadel should have sufficient stability to insure 
the safety of the ship whatever might a to the 
unarmoured ends above the armoured deck. They 
also show that the ship does not possess this pro- 
perty, but that her safety and seaworthiness in 
action do depend upon those very unarmoured ends 
and the cork chambers in them continuing to 
afford stability in spite of shell-fire. That Mr. 
Barnaby and the Constructors are not aware that 
this is so we cannot believe, because their own 
calculations prove it, and it is to our own minds 
as unwise as it is disingenuous for them to ee 
the contrary, while resorting to means not at 
creditable to them to prevent the real issue being 
brought to light. 

As to the first point, .viz., the original inten- 
tion of the design, the following references will be 
sufficient. Mr. Barnaby states in a by to the 
Controller dated June 8rd, 1873, as follows (see 
Parliamentary Return, page 3): ‘‘ We hope by 
sub-division and cellular sides, to prevent any 
appreciable increase of immersion or decrease of 
stability, but we should not be satisfied with the 
ship if we could not say, as we now can, that with 
any possible amount of to the unarmoured 
ends by shot or shell, the ship will continue to float 
in perfect safety before any damages are made good.” 
The report containing this p e was referred to 
Captain Hood, then Director of Naval Ordnance, 
who in his report to the Controller dated the 
9th June, 1878, says on it: ,‘* The Constructors state 
‘that with any possible amount of damage to the 
unarmoured ends of this vessel by shot or shell, she 
will continue to float with perfect safety before any 
damages are made good’— a most important point.” 
The italics are Captain Hood's, 

On the 4th July, 1873, Mr. Barnaby again re- 
ported on the design to the Controller, stating that 
certain modifications had been made, and that the 


design had then been sufficiently worked out to la 
before their lordships. report was conc 
in by the Council of Construction the following 
day. In reference to the stability it says (see 
Parliamentary Papers, page 6) : ‘‘ The Constructors 
have also considered it desirable to extend the 
battery somewhat, to give more for uptakes 
and downcast shafts within it, and to increase the 
amount of stability in the event of the entire 
destruction of the parts of the ship lying before and 
abaft it.” And again in the same report Mr. 
Barnaby says (page 7): ‘' It is possible that both 
a and ep a re be mer to some extent rg the 
ery or citadel ; but the security of the ship will not 
be dependent upon them.” The Hatles hore aye our 
own. 

These are not isolated s picked out of a 
context that in any wap ques tite meaning. 
They are paragraphs coe ete in themselves, and 
present the whole aspect of the stability as viewed 
at the Admiralty in 1873, when the ship was de- 
signed. It is impossible, therefore, to conclude that 
the Constructors did not intend the vessel to have 
ample stability in her armoured citadel to insure her 
safety without help from her unarmoured ends, or 
from cork or canvas, or any other device that might 
be adopted to diminish somewhat the loss of 
buoyancy or stability necessarily arising from the 
ends being riddled. 

Indeed, after the present controversy arose with 
Mr, Reed, Mr. Barnaby appears to have made the 
following assertions in‘a memorandum dated June 12 
1877 (see Parliamentary Papers, page 19): ‘ 
the unarmoured ends of the ship were completely 
mai. tale 5 the stability protected by armour 
would give her a range of nearly 50 deg. Or if the 
outer skin of the ship in the unarmoured parts were 
permeable to the sea through its whole extent, and the 
cork were removed altogether, the ship would still have 
a large range of stability.” Here again the italics 
are ours, So far as we have been able to discover, 
this was the first occasion, the 12th of June last, on 
which Mr. Barnaby met the issue raised by Mr. 
Reed in a direct and definite manner. Mr, Reed’s 
contention was that if the unarmoured ends were 
riddled and the cork ‘blown out, or removed. 
the vessel would have little or no stability, and 
would be liable to capsize. Mr, Barnaby repeats the 
conditions, he removes the cork, he es the skin 
of the ship in the unarmoured ends ‘‘ permeable to 
the sea through its whole length” (he cannot surely 
be keeping back a reservation that the coal 
com ents inside remain water-tight!) and says 
the ship “‘ would still have a large range of stability.” 
Here, then, unless there issome hidden meaning, we 
find Mr, Barnaby last month, after the present con- 
troversy had arisen, repeating in effect what he said 
in 1873—that is, if the words convey their obvious 
meaning—that the security of the ship would not be 
‘dependent upon the cork and canvas used outside 
the citadel, but that the vessel without the cork and 
with the ends riddled would still have ‘a large 


range of stability.” 
Let us now examine the official figures and dia- 
age contained in these Parliamentary Papers, 
n doing so we are at once met by the astonishi 
fact that although seven curves of. stability are 
given for the vessel, not one of them represents the 
ship with the cork removed from the unarmoured 
en Three of these curves apply to the ship with 
the unarmoured ends besa sy as they would be 
before entering into an engagement. show, 
it is true, an enormous stability, but they are quite 
irrelevant in the present inquiry. The other four 
curves which refer to the oe with the ends pierced, 
have ranges of stability of from 30 deg. to 37 deg., 
but they all assume the cork to remain intact, and 
yet not one of them could be properly described in 
the words of Mr. Barnaby as showing ‘a large 
range of stability,” especially in view of the fact that 
the Committee on Naval Designs laid down 50 deg. 
as the minimum range for safety in a, seagoing ship, 
Mr, Barnaby’s assertion that the vessel still a 
‘‘ large range of stability,” spree to the ship with 
the cork removed, whereas, by his own curyes she 
has, with the aid of the cork, a range of only 30 deg 
Why not give the corresponding curve of stability 
for the ship without the cork? We venture to affirm 
most deliberately that the Constructors dared not. 
It would at once confirm the substantial accuracy 
of the assertions made, that in such a condition 
(whether a possible one or not is another question), 
the vessel would have ‘* little or no rage € bi! 
what has passed, this condition of the 
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official the very least of, and is only referred 
to in olfnet-acte in small type at the bottom of 


page 11. 

t sufficiently shows, however, that the most 
Mr. Barnaby has been able to make of the stability 
without the cork isa range of 17 degrees, and this 
after altering the vessel by removing the iron masts, 
pi the three-inch armour deck to let the chain 
cables lowered, and after ag | advantage of 
little points usually omitted in such calculations, 
and omitted in the calculations of this very ship 
until within the last few weeks. 

But allowing all these alterations to have been 
brought about by the increased weight of guns 
although a possible increase was provided for in 
the original design), and accepting Mr. Barnaby’s 
own figure of 17 degrees range of stability, let us 
ask him in all seriousness whether he can with any 
conscience call 17 degrees “a large range of sta- 
bility,” whether he would pronounce the vessel safe 
in a condition when if she heeled to 17 de she 
would capsize, or whether in face of these figures he 
will venture to reaffirm ‘‘ that the security of the 
ship will not be dependent upon the cork and 
canvas used outside the battery or citadel.” 

These figures onary poss to our minds the sub- 
stantial accuracy 0 . Reed’s charge against the 
ship, so far as the matters of fact in dispute are 
concerned, ‘The remainder of his charge, which by 
common consent resolves itself into a matter of 
opinion or of gunnery experiments, will still afford 
scope for the investigations of the Commission about 
to be appointed. 


Alaving got the point firmly established, as it 
surely is by these very papers, that the Inflexible 
would not be safe with her ends riddled and without 


the cork, the merits of cork for this purpose have 
become a point of absorbing interest, and money 
will be freely granted to enable it to be submitted 
to extensive experiments. At present it is little 
better than guesswork. Captain Boys, the present 
Director of Naval Ordnance, hazards some very 
positive opinions on the matter, but in spite of his 
official position they cannot be received with much 
weight ; and indeed one of the first assumptions he 
starts with in arriving at this opinion is that vessels 
of the Inflexible type will scarcely ever roll, an 
assumption quite as arbitrary as the opinion it leads 
up to, and likely to be falsified in the very first storm 

e vessel meets with at sea. 

Far be it from us to imitate Captain Boys and 
the Constructors in pronouncing hastily upon the 
merits or demerits of cork under shell-fire. It 
is possible it may be found effective for purposes 
of buoyancy and stability, and it is equally 
the Inflexible may be found to be the safest and 
most efficient warship yet designed, We surely have 
a right to ask that the matter shall be put to the 
proof. It is possible that the introduction of cork 
is the greatest stroke of genius in war-ship construc- 
tion seen during — century—for genius is 
often strangely allied. 

There are many considerations that favour this 
theory. It brings us once more into harmony with 
the traditions of past ages. Buoyancy is, as it were, 
the birthright of cork, and why should not stability 
be so also? It should be remembered that the em- 
ployment of huge masses of iron to afford, or to pro- 
tect, buoyancy and stability is a modern innovation 
contrary alike to the instincts and convictions of many 
a naval man. Is it again to disappear before the 
reviving suitability of cork? If so, we shall wel- 
come the change and do honour to its promoters. 
But let us fairly understand the situation. It 
surely cannot be right for the Board of Admiralty 
to go on ordering and the House of Commons to 

on sanctioning ship after ship of the most power- 
fal and expensive type under the belief that their 
safety is protected by armour plating 2 ft. thick, 
if it is in reality dependent upon twice this thick- 
ness of cork. For the sake of thy Constructors them- 
selves they should be relieved from such an enor- 
mous ibility, and this will at least be done by 
the Committee or Commission to be appointed, and 
this will be a clear gain from the present controversy 
whatever may be the results of their inquiries into 
the as yet secret histories of the designs of the In- 
flexible, Ajax, and Agamemnon, 


SCIENCE AND LIMITED LIABILITY. 

Some time ago, and by no means too soon, a 
Select Committee was appointed to inquire into the 
working of the Joint S Companies Acts of 1862 
and 1867. Numerous witnesses have been ex- 
amined, and perhaps the most valuable evidence 








has been deduced from public accountants, to whom 
has been intrusted the duty of winding up such 
companies in private or official liquidation. The 
evidence of Sir Charles Malins, the Vice-Chancellor 
before whom a large number of these bankrupt 
— have appeared, was given a few days ago, 
and being authoritative in a legal and common sense 
point of view it is well worthy of notice, especially 
in regard to the engineering profession, both civil 
and mechanical, for the members of these have been 
great sufferers through the frauds that have partially 
or wholly succeeded. 

A quarter of a century ago science was at a dis- 
count. Now, however, it is the corpus vilum of 
every class of schemers for the purpose of raising 
rotten companies on an equally rotten basis. Mining, 
chemical, engineering, industrial, and a host of 
other enterprises involving science, wholly or in 
part, have oo ut forth for forming companies 
under the limited Tiability system, and have resulted 
in the robbery of millions sterling of our national 
savings, especially during the last seven years. 
Hitherto the law seems - to protect the 
public against such frauds, The maxim is caveat 
emptor, which would be all very well provided the 
investors were acute men of business, but these make 
the profits while women and children are in fact the 
real sufferers, and often lose every penny they pos- 
sess either by their own ignorance or of those who 
are their guardians. When acute engineers and 
chemists are deceived what can we expect of the 
common people? 

Sir Charles Malins, in his evidence, stated that he 
was by no means opposed to limited ‘liability com- 
panies, but he was bound to say that the system 
was greatly abused. In one case he knew of a com- 
pany that was formed by a financier among his 
clerks, and only 85/. subscribed, but a few days 
afterwards this company was sold for 400,000/. In 
another case he knew of a company with an adver- 
tised capital of 250,000/., but all that was subscribed 
was but 11]9/. in 2/. 10s, shares. The company at 
once commenced business, and effected a policy with 
a mercantile firm. A fire occurred, and it was then 
proved that the company had never had command at 
any time of more than 300/. He then referred to other 
cases of equal audacity, and proposed some remedies 
for the deficiences of the law, but concluded by say- 
ing that it was impossible to protect the public from 
fraud by legislation, the devices for the obtaining 
of money being so great, and the ingenuity of man 
so considerable. his is somewhat a bold and 
honest statement to make by one whose legal ex- 
perience of joint-stock companies is perhaps un- 


possible | equalled. 


ed, 
But why should science be prostituted as it now 
is by financing speculators? To a large extent this 
is due to the pandering of engineers, chemists, and 
others to the desire of gain without their possessing 
an honest desire in its acquisition. No engineer of 
any reputation would attach his name to one of the 
thousands of scientific schemes that have been pro- 
moted by companies during the last ten years. We 
pity the young and unsuc in our pro- 
fession; but then failure does not palliate what 
is certainly, in a moral point of view, an act 
of dishonesty although the law shields by its pro- 
tection. Why is it that our railways yield a little 
only over 4 per cent. per annum, taking the entire 
mileage of the kingdom? Chiefly because the 
cacoethes of engineering has excited speculators, and 
they, on the other hand, excite engineers to costly 
work that may never pay, and instead of acting as 
feeders will only be bleeders of the trunk line. Sir 
Charles Malins, in regard to the Lisbon tramways 
case, stated that while the capital was nominally 
309,000/., all that could be found when the company 
was wound up was 9000/. in plant. We can add to 
his information by stating that during the last seven 
 oomeg four companies based on science and patents 
ve come to grief with a total loss of capital to the 
public exceeding one million sterling, independent 
of the enormous losses caused by speculation in their 
shares in connexion with the S Exchange. 
Failing the astuteness of a lawyer in suggesting 
legal measures to prevent frauds by limited liability 
companies, we are compelled to fall back on the law 
of honour, so far as the professional man is con- 
cerned, and prudence on the part ofinvestors. Let 
not any engineer or other professional man send in 
any report of his investigation of a new scheme, 
ess, if he take exception to its details, he insists 
on the entire report being presented to the share- 
holders, The evil of our present s in many 
cases is that, while what is presented to the proposed 





investor is true, he does not become acquainted with 
the whole truth, and to this may be traced the enor- 
mous pecuniary loss that has been incurred, and the 
failure of so many companies that have been formed. 
We could state numerous instances in which if the 
report of the engineer or chemist in mining, gas, 
sewage, and analogous concerns had been rigidly 
true, a large proportion of such companies would 
have estiegeel, shortly after being advertised, in- 
stead of becoming the vortex of millions of money. 
In the next place, let promoters, directors, ef hoc 
omne genus, be fully persuaded that honesty is the 
best policy, or in the event of their delinquencies 
they would be severely punished. From several 
recent cases that have appeared before the Court 
of Chancery, it seems that we are only beginning to 
learn the extent of evil that exists. Science is 
understood by few, but being mysterious to them it 
is accepted as a kind of basis on which to pin faith 
for investments. This is entirely fallacious, for out 
of all the companies that have been raised during 
the last ten years on a scientific basis the great 
majority of the schemes have been simply a revival 
of exploded failures long ago discarded, and until 
recently forgotten. 








LIGHTNING AND THE LIGHTNING-ROD. 
In the middle of the seventeenth ceniury scientific 
opinion pointed to the identity of the electric spark 
and the lightning flash. Lightning was known to 
burn gunpowder and light gas, dissolve and volatilise 
metals, rend trees and buildings, strike with blind- 
ness and destroy life, magnetise and demagnetise 
steel, and ‘“‘turn” milk and beer sour. Benjamin 
Franklin produced all these effects by the electricity 
ot from his electric machine and stored in his 
yden jars ; and, in 1752, flew his famous kite at 
Philadelphia, bringing down electricity from the 
clouds. The identity of thunder and lightning with 
the light and crackling of the spark being thus 
proved, he was naturally led to apply his knowledge 
of electricity to the protection of life and property ; 
and, in 1760, he set up the first lightning-rod. 

It is well known that the conditions which de- 
termine a lightning discharge are similar to those 
which determine the discharge of a Leyden jar. If 
two bodies which are conductors of electricity be 
separated from each other by air or any other non- 
conducting substance, anda charge of electricity be 
given to one of them, that charge will induce a charge 
of opposite kind to itself, on the other body. There 
will be a mutual attraction between these two op- 
posite electricities. And, if the two bodies be ap- 
proached close enough, they will discharge into 
each other across the intervening air space, produc- 
ing aspark, Further, if there is any angle or pro- 
minence on one of the bodies, there will be an ex- 
cessive accumulation of the charge at that place, 
and from thence the passage of the spark will be 
determined. This is the principle of the Leyden 
jar, and of the phenomenon of lightning. 

According to Sir William Thomson, the chief 
authority on atmospheric electricity, the earth and 
the upper regions of the atmosphere are, like the 
two conductors of the Leyden jar, oppositely elec- 
trified, the earth negatively, the upper air posi- 
tively. The lower atmosphere, or firmament, acts 
like the non-conductor, or insulator, of the jar. 
Clouds passing through the atmosphere, collect on 
their conducting surfaces vast quantities of the 
electricity with which it is charged. As they ap- 
proach the earth, or move horizontally over it, they 
silently induce powerful charges on its surface. 
the cloud have ragged edges, and, above all, if the 
surface of the earth presents sharp prominences be- 
neath the cloud, the electricity heaps itself up, as it 
were, on these points. ‘The attraction between 
cloud and earth is here most powerful, and the 
movable cloud tends to drift towards the promi- 
nence. Every moment the attraction between the 
two electricities increases, until the resistance of 
the intervening air, which keeps them apart, begins 
to ‘‘ totter” and give way, when they discharge into 
one another by the line, or lines, of least resistance, 
heating the ruptured air to incandescence. The 
electric equilibrium is thus restored. But for the 

rominence, no discharge might have taken place, 
cause, on a level surface, the induced charge might 
never have been so heaped up. Thus, a ship on the 
sea, a house on a hill, a spire or tree, a horseman 
on an open heath, are all especially liable to preci- 
pitate a lightning discharge, which might not other- 
wise have taken place. On the other hand, we 
know that if the prominence be sharp enough, it 
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EXHIBITS AT THE LIVERPOOL SHOW. 
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IRON FORE-CARRIAGE FOR PORTABLE ENGINES, BY MESSRS. CLAYTON AND SHUTTLEWORTH, 
LINCOLN. (For Description see Page 26.) 








COPE AND MAXWELL’S STEAM PUMP, BY MESSRS. HAYWARD TYLER AND CO., LONDON. 
(For Description see Page 29.) 


will give off its charge easily and leak, so to speak, 
into the air. It, therefore, becomes a safety valve 
for the induced charge on the earth. Instead of a 
violent instantaneous discharge restoring equili- 
brium, there is a gradual union of the opposite elec- 
tricities, through the point, and thus many thunder- 
clouds are rendered Soames by being robbed of 
their charge. This action is well shown by the 
simple experiment of presenting a fine metal point, 
held in the hand, to a charged conductor. Very 
soon the induced electricity flowing from the point, 
silently and invisibly, neutralises the charge in the 
conductor. On the other hand, if a blunter body, 
such as the knuckle, be presented to the charged 
body, there will be no dedhengs at all at the same 
distance, and when there-is a discharge at closer 
quarters, it will be in the form of a spark. 

Weare thus led to the proper function of lightning 
rods, They are designed to protect certain pro- 
tuberances on the earth’s surface, such as buildings, 
which are valuable to us, and can only do so by out- 





doing the building in two qualifications. They 
must offer vastly less resistance than the building 
to the passage of the discharge to earth, and they 
must have much finer points for discharging into the 
air. These qualifications tend to secure that by the 
action of the fine points, some thunder-clouds will be 
silently discharged, and that when a discharge does 
occur it will pass harmlessly to earth by the rod. 
Let us suppose that a discharge strikes a house 
that is unprotected bya rod. The brick, stone, and 
wood of the walls are much better conductors than 
the air inside the rooms. The path of the discharge 
will therefore be originally determined through the 
walls. Forit is not, as was some time thought, that 
conductors divert the discharge which is already 
launched. Everything being stationary, the precise 
path of discharge is fixed + se the discharge takes 
place. It is determined beforehand by the positions 
of the conductors on the earth’s surface, by which 
induction has taken place. Those parts of the walls 
or rooms which are metallic are most likely to receive 
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THE HyDROTROPHE. (For Description see Page 27.) 


the discharge, since metal is a very much better 
conductor than dried wood or stone, Gas and water 
iping, lead roofing, kitchen ranges, inery &c., 
invariably form part of the track of a lightning 
stroke, Wherever there isa train, accidental or 
otherwise, of metallic bodies in a house, it tempts 
the discharge. Even small insolated metallic masses 
such as the bells in a tower, the knocker of a door, 
the watch in a man’s pocket, have influenced the 
discharge so markedly as to give rise to the popular 
belief in metal “attracting” lightning. The heated 
gas and soot of a chimney also tempts the disc le 
It is easy to see t a continuous metalli 
co nuctor, straight from the top of the building 


to good contact with the earth, will be pre- 
ferred by the discharge to an irr and dis- 
ruptive course through the walls. But unless the 


capacity of the for carrying the dincberpe 
be sufficiently great, a pha rb M part of the 
discharge may also find its way to earth through 
the walls. Rowever good a conductor the rod 
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may be, there is always danger of what Fara- 
day called the ‘lateral spark.” If a discharge of 
high potential electricity from a Leyden jar or in- 
duction coil be sent along a straight wire, and a 
lateral wire be looped so that its ends approach the 
wire first named, two sparks will be seen to leap 
across from theends of the loop tothe main wire, show- 
ing that the lateral circuit, though of much greater 
resistance than the direct one enclosed by it, carried 
off part of the discharge. In the same way a par- 
tial metallic circuit in a building may tempt a por- 
tion of the lightning discharge. Ifthe rod is made 
a vastly better conductor than this lateral circuit 
can be, the lateral discharge, if there be one, may 
be very slight. But as there is no foreknowing the 
power of a discharge, and in order to save expen- 
sive rods, the better plan adopted is to connect all 
ossible lateral circuits with the rod itself, or fail- 
ing this, at least to place the rod as far away, elec- 
trically speaking, from such circuits as possible. 

Zig-zag or forked lightning is the visible dis- 
charge in the air between cloud and cloud, or cloud 
and earth. It is a crack in the air heated to bright- 
ness. Sheet lightning is probably its reflection. 
What has been said of protecting buildings from the 
direct discharge, applies equally in the case of the 
‘* return stroke,” which, however, is fatal rather to 
animals than buildings. A heavily charged thunder- 
cloud induces powerful charges on many different 
oe mae ar of the earth’s surface simultaneously ; 

ut the discharge in general only takes place at one 
point. Were the cloud a perfect conductor its whole 
charge would empty itself by this point, As it is, 
the great bulk of the charge doesdo so, The result 
is, that at the instant of discharge there is a sudden 
return of the induced sare bag the other promi- 
nences to earth. This acts like a direct stroke, and 
although rarely so violent it is sufficient to destroy 
life, miles it may be from the scene of the direct 
discharge. 

The conductive nature as well as the height and 
contour of a building determine its liability to be 
struck by lightning. Chimney stalks, by a concur- 
rence of pointed prominence and conductivity in 
the soot and heated gases which ascend them, are 
especially in danger of being struck. Churches, 
by reason of their belfry towers surmounted by 
metal crosses, public buildings, houses on hillocks, 
barns containing gas-generating produce, petroleum 
oil works, and ships at sea, are all liable to be 
struck, Before Sir William Snow Harris’s protec- 
tors were applied to vessels the yearly damage to 
English shipping amounted to nearly ten thou- 
sand pounds. Now we never hear of a single in- 
stance of a protected ship being struck. Ships 
are protected by copper rods inlaid in each 
mast, and ing along the deck beams to the 
ship’s sides, keel, and water. All the principal me- 
tallic masses of the hull are put in connexion with 
the rods. Before telegraph posts were protected, 
there was great destruction amongst them by light- 
ning. Each post is now made perfectly safe by a 
No. 8 BW. galvanised iron wire, run from the 
top down the pole to good contact with the earth. 
There is reason to believe that these pole protectors, 
together with the network of wires over-running 
our towns and roads, tend greatly to diminish the 
likelihood of lightning strokes, by preventing the 
accumulation of electricity at particular points on 
the earth’s surface. 

The practical requirements of a lightning rod 
relate to its three parts: the body of the rod, the 
air points, and the earth connexion. The body of 
the rod should be of sufficient capacity to carry off 
the discharge. It is yet a moot point how much 
importance should be given to the surface area of a 
rod, Some electricians maintain {that the conduc. 
tivity of the mass of the rod is alone concerned in 
carrying off such high potential electricity as the 
lightning discharge ; others that it depends mainly 
on the surface of the conductor. Recent experi- 
ments made under the Administration of French 
Telegraph Lines by the Count du Moncel seem to 
show that surface area is an important factor in 
the rod’s capacity. The truth is that both surface 
and mass conduction are efficacious, but which is 
most so is as yet undetermined. The French ad- 
ministration are in favour of less metal made in the 
form of strips. There is a growing preference for 
galvanised iron rods over the customary copper ones, 
and if the French are right the larger surface of 
iron rods will be an additional ground of favour. 
Iron rods are cheaper than copper rods, they offer 
more resistance to mechanical injury, are less tempt- 
ing to the thief, and fuse at a higher temperature 





— deg. Fahr. for iron, as compared with 1994 
eg. Fahr. for copper). On the other hand they 
have a smaller Pa ee than fcopper rods and 
are more liable to decay from oxidation. 

The Paris Commissioners of 1823 fixed the mini- 
mum section of a lightning rod for copper ,°; in. 
and for iron 3 in. in the side. The American prac. 
tice is to make a rod have the conducting power of 
a copper rod } in. square sectional area. In this 
country the }in. strand copper wire rod is com- 
monly employed. The early chain and link rods 
are to be avoided. There should be complete me- 
tallic continuity of the substance of the rod through- 
out its entire length. Copper rods should be ri- 
vetted and iron rods welded, or soldered. Copper 
strand rods are more pliable than solid ones, and 
are therefore less open to breakage. There should 
be no sharp bends in the rod in case {the discharge 
prefers to leap across rather than to turn it. If the 
rod cannot be safely insulated from the piping or 
interior metal masses of the house, these should be 
securely connected toit. St. Paul’s Cathedral offers 
an example of this precaution. The metal cross 
and ball, the lead roofing, the iron railing of 
the galleries, the gutters, are all connected to 
the rods. Every prominent part of the building has 
a rod, and these are connected together by cross- 
rods along the ridges. The sheets of lead roofing 
are rivetted to each other by copper bands, and 
finally to the rods. ‘There should, if possible, be 
two connexions between the rod and these masses, 
so that a closed circuit is formed. 

For an ordinary dwelling house Mr. W. H. Preece, 
Memb. Inst. C.E., is of opinion that a No. 4 B.W.G. 
galvanised iron wire is sufficient protection. Its 
diameter is }in. A half-inch iron wire strand, he 
believes ample for all cases of dwelling house. For 
castellated and Gothic houses, more than one rod 
of the N. 4 guage may be necessary. 

The old controversy of “‘ points or no points” has 
been settled in favour of points. It was formerly 
thought by many that it was only necessary that 
the end of the rod should be a point in comparison 
with the area of the cloud or charged y, and 
blunt rods, some even with balls, were used. But 
all now agree as to the need of fine pointed rods. 
To prevent blunting by oxidation, these are usually 
either of gilt copper or made of platinum. A spike 
of them may be used with advantage. They should 
overtop the chimneys by a yard or so, not higher 
than will admit of their inspection, and they should 
be kept clean and bright. 

The worth of the rod entirely fails if the earth 
connexion is bad. Indeed it is then rather a source 
of danger, for the discharge it has courted will 
otherwise make earth through the building the rod 
is designed to protect. For earth connexion points 
have also been used, but experience shows that 
large metallic surfaces are better. ‘The aim in seek- 
ing an earth connexion is to put the rod in good 
conducting contact with the earth’s moisture, 
Therefore wells or marshes are the best local earths, 
Bodies of natural water, water mains in towns, tree 
roots, moist sandy soil, are to be sought by the end 
of the rod. A moist earth contact is perhaps pre- 
ferable to a purely water contact. If water pipes 
are taken for earth, the rod must be securely 
soldered in a place where it can be often easily ex- 
amined, Artificial earth plates are best made of 
sheet copper. ‘They should have a large area, and 
the rod should be rivetted to them. ‘Through them 
the rod should make connexion with the moist earth. 

Where moisture is not to be had, beds of charcoal 
or coke must be used. The end of the rod should 
be carried below the walls and foundations of the 
building ; it should then be turned from the build- 
ing at a right angle for 12 ft. or 16 ft. in a horizontal 
ditch or trough filled with charcoal, and terminated 
by an earth plate in the well or moist place selected. 
If there is no such place it should terminate in the 
middle of a bore 10 ft. or 15 ft, deep, filled with 
freshly heated charcoal. The charcoal helps to 
conduct and keeps the rod from oxidising. 

The radius of the area over which a rod exercises 
a protecting influence was given out by the French 
Commissioners as equal t twice the height; but in 
practice it is now generally taken as being equal to 
the height of the rod. 

Next to the careful construction of a rod there is 
nothing so important as the inspection of it, which 
should be regularly and systematically carried out. If 
lightning is seen playing about the points, it is a sign 


they are defective ; if a glow discharge is seen they 
are working well. It should be o ed if the 
points keep clean and fine, if the rod keeps entire, 





and if the earth connexion continues secure. There 
is generally a current flowing from air to earth in a 
rod, and this tends to corrode the earth portion of 
the rod by the electrolytic action. Iron wall staples 
used in connexion with copper rods also cause decay 
in rain, Mischief and accident are sources of 
mechanical injury. ‘These things must be looked 
out for during good weather, and not on the 
approach of a storm, 
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Reports on the Philadelphia International Exhibition of 
1876. Vol. I. 








[First Notice. ] 

Tue first volume of the ‘‘ Reports on the Phila- 
delphia International Exhibition” is at length before 
the public, and will be followed, we suppose at un- 
certain intervals, by the second and third, which are 
to compose the series, We notice that the work is 
credited to the Education Department, but do not 
understand why, seeing that the part this country 
took in the Exhibition, limited and unsatisfactory as 
it was, was not aided by that department otherwise 
than in the heads of the Commission. The first 
thing that strikes the reader of the official portion 
of the report, is the congratulatory nature of its 
contents. ‘The Duke of Richmond congratulates 
Her Majesty on the zealous and efficient officers 
appointed to represent the country in Philadelphia. 
Sir E, Thornton congratulates the Earl of Derby on 
the ‘conciliatory’ manner in which Colonel 
Sandford performed his duties, but whether con- 
ciliatory to the American or to the British ex- 
hibitors, or why conciliatory in any case, we fail to 
comprehend ; and the principal United States officers 
of the Centennial congratulate everybody in general. 
With regard to this ~ document, however, one 
sincere and well-merited eulogium stands con- 
spicuous, and we quote it as the only real tribute to 
Mr. Philip C. Owen’s valuable services. ‘ Our 
special thanks are hereby most respectfully and 
cordially tendered. .... to Philip Cunliffe Owen, 
Esq., C.B. se in company with Colonel H. B. 
Sandford, R.A., was sent to Philadelphia in the 
earliest stages of the Exhibition), for his aid to those 
who were intrusted with its management in giving 
them the benefit of his extensive and varied know- 
ledge and experience ; for the encouragement de- 
rived by them from his intelligent appreciation of 
their purposes and capabilities in a work of such 
magnitude ; for the kindly interest he imparted to 
his fellow-countrymen on his return home, which 
induced so large and varied a representation here of 
the arts and industries of his native land; and for 
the interest aroused by his personal efforts in several 
of the leading capitals of Europe.” This paragraph 
expresses exactly the services which . Owen 
rendered to the Exhibition, but which unfortunately 
were never fully developed, and it is worthy of 
comment, that with one unintentional exception the 
only recognition of Mr. Owen’s services comes from 
a foreign source. 

Followipg these official and complimentary docu- 
ments comes the report of Colonel Sandford to the 
Duke of Richmond. On the first page of this report 
we notice that the author makes an apology for the 
use of the word “exhibit.” In a foot-note he says: 
‘“‘ [ have to apologise to your grace, as head of the 
Education Department, for the use of this barbarous 
but almost indispensable word.” Why Colonel 
Sandford should thus, abuse a harmless necessary 
word we fail to see. The word ‘ exhibit” is an 
absolutely correct and proper one, as applied to 
machines, models, or other objects, in a legal 
sense, and its application to the wider limits 
is no literary offence. Had the writer apologised 
to the duke, as head of the Education Depart- 
ment, for the style in which the report is com- 
posed, no fault could have been found. As an 
example of what we mean we select the following 
specimens ; *‘ The Exhibition Authorities were very 
liberal in their arrangements for the installation and 
removal of our goods, but we could not possibly 
have been, as we were, in such nearly complete 
array on the opening day, nor could we have wound 
up our closing operations in a manner to excite ‘the 
admiration of a by no means slow-moving people, 
if the assistance above mentioned had not been pro- 
vided to supplement the efférts so zealously made 
hy our exhibitors to be first in and first off the 
field.” And again, in speaking of the first official 
visit to Philadelphia: ‘‘This deputation being the 
first which crossed the Atlantic in connexion with 
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the Exhibition, and coming froma country on whose 
action it was allowed the success of the Exhibition 
so much depended, was received by the authorities, 
both of the City and Exhibition, with great distinc- 
tion, and a most cordial welcome was given to their 
British visitors with a coat med of friendship from 
all classes, which never slackened till the last day of 
our pleasant intercourse with the people of the 
United States.” 

We said above that a second recognition of Mr. 
Owen’s services is to be found in this volume. It 
occurs on page 17, in which Colonel Sandford gives 
the date of Mr. Owen’s resignation'as the 27th of 
November, 1876. We suppose this date to have 
been given in mistake, as Mr. Owen resigned in 
November, 1875, but the fact was that the influence 
of Mr. Owen’s labour and organisation was felt 
beneficially till after the close of the Exhibition, and 
Colonel Sandford is thus much nearer the truth than 
he intended. The rest of the report is a somewhat 
dreary and confused statement of the sayings and 
doings of the Commission and staff till their return 
to England, and then follows the statement of ex- 
penditure. The money granted by Parliament on 
behalf of the Exhibition amounted to 48,500/., the 
expenditure was 39,981/., and Colonel Sandford 

rides himself upon returning 8500/. to the Treasury. 
But in reality this miserable economy is no cause 
for self-congratulation. The Commission suffered 
through it, the exhibitors suffered through it, the 
country at large has lost through it, far more than 
the paltry saving represents, and it is certain that 
the exhibitors had reason for anything but a grateful 
recollection of the assistance they received from the 
Commission at Philadelphia. Mr, Archer’s report 
to the Duke of Richmond with reference to the dis- 
tribution of space and installation, is wonderfully 
brief, considering that the writer of it is generally 
given to err on the side of diffuseness, especially 
when the occasion offers itself officially. The brevity 
in this instance, however, may be understood when 
the details of his stay in Philadelphia and his harsh 
and abrupt recall are remembered, 

We now come to the very interesting and 
valuable portion of the volume—one staff, and a 
number of technical reports. ‘The former of 
these is a memorandum on the police and sanitary 
arrangements, by Mr. Inspector Hagen. He speaks 
well of the organisation and working of this part of 
the staff in the British Section, and is especially 
laudatory of the order and sobriety of the American 
crowds who visited the Exhibition, as well as of the 
American police service, which almost entirely pre- 
vented the existence of confusion and larceny 
throughout the buildings.» The arrangements as to 
packing-cases he criticises,very severely, as no 
attempt at order or preservation appears to have 
been made. The difficulty as far as the British 
Section was concerned was partially disposed of by 
a fire whieh occurred in August and destroyed 
some 1400 cases, . 

No less than twenty-five reports from judges 
and others are comprised in the yolume, and most 
of them have been prepared with much care, and 
pan a lasting value. The first is by Mr. I. 

owthian Bell on the Iron Manufacture of the 
United States, and includes the exhibits in Group 
No. L., comprising minerals, mining, and metallurgy, 
including machinery; metals, metallurgical pro- 
ducts and processes ; machine tools and apparatus 
of mining and metallurgy; mine en i 
models, maps, and sections. No more ableman 
Mr. Bell could have been selected for this wo 
especially as he had already made himself familiar 
with the specialties of the American iron manufac- 
ture. Twenty-one judges in all had been appointed 
to examine and report upon the exhibits in this 
group, half of them citizens of the United States, 
and the other half gentlemen from Europe, of whom 
only one—Mr. Bell—represented England. This 
gentleman’s report is so long and so full of valuable 
facts and deductions that its consideration demands 
a larger space than we can afford on this occasion, 
and we must therefore refer to it and the remaining 
reports in the volume on another occasion, 





New Bripegz at Ayr.—Parliamentary sanction having 
now been obtained, arrangements are in rapid progress for 
erecting a new bridge across the river at Ayr, in lieu of 
Burns’s ‘* New Brig,”’ in the poetical dialogue styled ‘‘ The 
Fae magnet secre Rew ie bridge, designed by 

essrs. and Cunning’ , civil engineers, Edin! y 
was produced and exhibited at the meeting of the Town 
Council of Ayr, held last Monday, The bridge is to tbe a 
plain stone structure of five arches, and is estimated to 
cost from 15,0001 to 20,0001. 





TRANSVERSE STRENGTH OF BEAMS, 


To THE EDITOR oF ENGINEERING. 

Srr,—You promised in last week’s paper to “‘ take an 
early opportunity of commenting’’ upon Mr. Clark’s letter 
in defence of his theory of transverse strength, but I would 
suggest that you defer your criticism until Mr. Clark 
had more time for reeonsidering the points already raised 
in your review. IfI were to claim to have demonstrated 
“‘by means of a very simple analysis’ that the circum- 
ference of a circle is exactly 3} times its diameter, I should 
not be surprised or aggrieved if you declined to undertake 
to enlighten me as to the true method of determining the 
value of 7, even though I had backed up my theory by 


m half a hundred old cart wheels with the result 
of finding experiment and theory in accord. 
Mr. Clark of course is wrong in supposing it is “‘ agreed 


to by all that the so-called ‘ resistance of flexure’ takes its 
rise in some we ey internal diagonal resistance.’’ What 
is agreed to is that there is an element of strength in beams 
not accountable for so long as the ordinary theory of 
elasticity is held to be all that it is essential to consider, 
just as in cases of simple tensile strains there is an element 
of strength dependent upon the form of the specimen, and 
not merely upon “its sectional area. We may call the 
former element ‘‘ the resistance of flexure’’ and the latter 
the ‘“‘ resistance of Long Sgr, OF or anything else, provided 
we do not forget—as Mr. Clark has forgotten—that both 
these elements are entirely outside the ordinary theory of 
elasticity, and are mixed up with such considerations as 
the flow of solids and other obscure phenomena of mole- 
cular mechanics. 

I confess that I cannot understand what Mr. Clark had 
in his mind in constructing the illustrative diagram Fig. 1 
(which I will oe to reproduce). He must be deali 
with some material unknown to physicists, for if the canti- 
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lever were of any such stuff as iron the load would eanee a 
deflection, and the exterior fibres of the bent beam would 


be very differently strained to those near the centre line 
np. Obviously if Mr. k’s cantilevers were free at », 
they would act simply as a pair of independent oak 
levers ; if they were pivoted at p, the strains would be 
compounded of those arising from the cantilevers as such 
and as portions of a triangular frame ; whilst if they were 
‘‘immovably united in a socket at p’’ the strains woul 
be of a character which I should decline to undertake to 
disentangle. Possibly if Mr. Clark were to is canti- 
lever in the way you suggested—cut out of india-rubber— 
he would arrive at the same conclusion. 
Yours aT, o 





THE SHIPWRIGHTS’ EXHIBITION. 
To THE EpIToR oF ENGINEERING. 

S1rz,—The last sentence but onein the letter of ‘‘ No. 3” 
in yours of last week ap to me to point to the cause of 
the failure of the several competitors to fulfil the conditions 
tinder which Mr. Wood’s prize was to have been awarded, 
and that is the inability to get the required power by means 
of one, two, or three screws with the draught and the di- 
mensions necessitated by those of the locks on the Thames. 
Why it was that the use of the paddle was entirely ignored, 
appears a mystery to me, seeing that the most successful 
tugs ever running on the Thames had paddles ; they were 
within the dimensions given, the draught was 3 ft., and 
they were accustomed to tow from 300 to 400 tons three 
miles an hour against a stream of ‘about the same, with a 
nominal horse power of 40. These tugs are described in 
Minutes of Institution of Civil Engineers, vol. xxvi. 

I remain yours, &c. 
ENTERPRISE. 





HIGH-PRESSURE STEAM. 
To: 1 EpiTor oF ENGINEERING. ; 
S1r,— cally the value and —— of high- 
pressure steam ‘is he eae dispute. The difficulties which 
arise in ing to in thas pepeny axe mechanical. 
One pound of water evaporated in a boiler at atmospheric 
pressure produces 26.36 cubic feet of steam ; at 200 1 
above the atmosphere we only get a trifle over 2 cubic feet 
of steam, and at 300 Ib. only 1.483 cubic feet. It is most 
important to keep in mind this difference of volume in deal- 
ing the subject, as every leak, even of the smallest kind, 
becomes so important with the very high pressures, that a 
very small loss in bulk from this source mes a very 
great loss in reality. . ; 
Suppose it is resolved to work an engine with steam at 
300 ib. A little of this oo costly article slips away 
ast the safety valve; a little more at the gauge glass; a 
ittle more at the starting valve; a little more passes the 
valve face and gets away through the eduction port, and 
some of it passes the piston and gland, besides t 
clearance and s. Lam almostafraid to make a guess 
at the percen of steam thus lost, but I fear that even 
with a very well-made engine it may amount to 20 per 
cent. of that little volume of steam at 300 Ib. which we get 
from 1]b. of water. 
side ees bak ke eon eis ened aaetiiens 
Pp g require vi a ion. 
Add to these awkward facts the extra stren 
materials and fittings required and the extra friction, and 


d| market was a s 


ranean Railway Com: has’ 
of | between Clamecy and overs. 


I think that we shall not gain very much by using very 
high pressures. 


looked in vain for the actual horse power develo; 
Mr. Perkins’ high-pressure mr ney pe e. ' I oa 
like to know the difference between indicated and actual, 


has | as Mr. Perkins talks about wearing out a set of piston 


rings every three months, a process which must take some 


—— power. bo Oats oT 

e advantages of very “pressure steam in 

would incline me to ery high Mr. Northcott 501, 
June 29th); but the disadvantages in my 


own @ me to » with Mr. Wilson’: 
sousible letter on page 479 of your issue of Juno 22nd. 
ours 







aa Moy. 
37, Farringdon-street, E.C., July 7,/187 va i 
ROOT’S MINE VEN OR. 
To THE Epiror or ENGINEERING 
S1r,—In last week’s letter instead of ‘‘ For each expcri- 
ment there were 16 indications (four double di for 
each cylinder) and of o} tions,’’ please “and 9 


observations. 
Your obedient servant, 
Langley Hall, Durham, July 9, 1877. Joun Cooxz. 
NOTES FROM THE NORTH. 


' GLascow, Wednesday. 
Pig-Iron Market. — Last Thursday’s market 
was steady Sean the forenoon, and business was done in 
warrants at 54s, 2d. to 54s. 3d. cash, and at 54s. 34d. to 
54s. 4¢d. one month, closing with buyers at 54s. 3d. cash, 
sellers asking ashade more. T sieeneen market was 
quiet, and at the close buyers offered 54s. 3d, cash, sellers 
asking 54s. 4d. No warrant business was on 
Friday forenoon, but the market was steady. at 
the close asked 54s. 44d., payable on Monday, and buyers 
offered 54s. 44d. fourteen days to pay. ‘The market’ con- 
tinued idle during the oon, and prices at the close 
remained unaltered. A. certain . -of firmness was 
displayed in the market on forenoon, but only..a 
small amon of business wae done _ at 54s, 6d. 
one month open, closing with sellers at 54s. 
cash, and 54s. 6d. 
There was a ym but 8 
business was done at 54s. 44d. cash, and 54s. 6d. one month, 
buyers remaining ‘at those prices, near. 
forenoon market was somewhat quieter, wi i 
done in warrants at 54s. 3d. and 548; 84d. cash, and 
Seue 1890, toes etenah. ania elas Tae eee 
me ms ¢ 
The afternoon market ;was also quiet, r 
mained as at ‘the close of the forenoon 
i Business was don 
pt cash, also 
one month, closin 
54a. 2d. 





iE 
uf 


; quieter 
dw the forenoon at 54s.’ 
54s. 3d. fourteen days, and at 54s. 
with sellers at 54s. 3d. cash, 
business was reported jin the y 
close were nominally as in the forenoon. 
Fair holidays there will be no market on 
next. The tendency to improvement: 
last few weeks still continues, and makers are fairly 
with deliveries. A deal of trouble is still experienced 
with the miners employed by the ironmasters, on account of 
the efforts of the former to obtain an advanceof tothe 
meee ti 6d. ay day Page : a at 7 is so un- 
pro ie as to preclude ope of an early advance bei 
acceded to. Should the men continne to [persi oo that 
demands, and bring on a strike here and in support- 
ing them, there is every probab’ of the employers con- 
sideral i 


ility 

bly lessening the uction of pig iron 
out a number of their Veep remy The shipping beens 
remain unaltered in price ; however, the demand continues 
to be good, and — are now much more satisf: 
than they were. compared with the shipments at 
a returns just now are exceedi 
favourable. Last week’s shipments amounted to 11, 
tons, as against 7092 tons in the week of 
last year. One blast furnace has been out during 
the past week at Govan Iron jWorks, thus leaving 109 in 
blast, while at this time last ond gy ve were 116 in opera- 
tion. The stock with . Connal Co., up till 
last Friday night was 143,391 tons, showing an increase for 
the week of 1704 tons. 

The Malleable Iron teen yy branch of trade is at 
present very inactive, many mills being on short 
time. It does not seem as if this condition of thi 
be amended so long as'the shipbuilding lock-out on the 
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b. | continues. But we are just now entering upon the G@ 


gow Fair holidays, and it is confidently anticipated that 
some change for the better will arise after they are ter- 
minated, 

- eneteee Dock L Aen nm <ines Pe 
an m, civil engineers, Edinburgh, have repo: 
Burntisland Town Council, the completion of the dock 
works, so jfar as the original con‘ is concerned—the 


last portion being the boy pe of the entrance channel 

which sow gives over 20 ft. of water. ‘, 
“New Dock and other Works at Grangemouth — At w 
meetin ai mou on , Mr, 
J. C. Bolton, \eoloan of the Cal dan Hadlwny 
Company, stated that plans for the construction of new 
docks, , and timber basins at that estimated to 


cost 300,0001., were ready, and that would be 
advertised for during the present month. 


Frencu Rartways.—The Paris, Lyons, and Mediter- 
for traffic a sectioa 
length of this section 
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EXHIBITS AT 





PORTABLE ENGINE FIREBOX, BY MESSRS. GARRETT AND 
SONS, LEISTON. (For Description see Page 26.) 


NOTES FROM SOUTH YORKSHIRE. 


Inquiry ‘at Stocksbridge.—On Tues- 
afeicorem tat. Stocks- 

» near Mr. Morgan, C.E., on behalf of 
Boned relat to the application of 

ose Beard to re hore of 20001. for extension of water 


In the course of the in- 
rated that S001 
qrizy 1s wae stated 


l. had already been lent, and 

he inspector that the loans for pav- 
ing or lighting coul = be had at the low rate charged 
for sewage or water works purposes. 

Midland Railway ny dentin 8 Extensions.—It is stated 
that owing to the many in the con- 
struction of the Midland winton and Knott- 

ley extension line, aaa ottingham and Melton 
pa Re they will not be ready for opening as soon as 
had been ex: In both cases, however, the works are 
forward as rapidly as possible. 

Closing of a Colliery.—Owing to the dull state of the 
coal trade Messrs. Newton, Chambers, and Co., of Thorn- 
cliffe, are about to close their Tankersley Parkgate pit, 
whereby some 150 miners will be thrown idle. 


Claim for Water Compensation.—At the last week’s 
meeting of the Rotherham Town Council a letter was read 
from the proprietor of the Rotherham Forge and Iron 
Works, claiming 12001. as —— for water of 
which he alleges | he has been rived by the diversion of 
the Ulley Brook and Punch Mat streams, both of which 
have long run into the River Rother, which in turn empties 
itself into the Don, on the banks of which the works are 
situate. It was determined not to entertain the claim. 


in 





A BrssEMER STExL BELL.—Probably the first Bessemer 
steel bell ever cast in the United States now hangs in the 
belfry of the Presbyterian church at Bethlehem, U.S. 

was cast in the Besserer works of the Bethlehem 
Iron Company, and it weighs only 58 Ibs. Its tone is clear 
and pleasant. 





are 
The ply of locomoti a 

sup ves cars is 
beyond the present requirements of the traffic. 
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Cross Section 


STRAW-BURNING ENGINE (KOTZO’S SYSTEM) BY MESSRS. GARRETT AND SONS, LEISTON. (For Description see Page 26.) 





STEAM PUMP BY THE IMPERIAL STEAM PUMP AND ENGINEERING COMPANY, SMETHWICK. 


Tue Unrrep States Government LoAN.—An issue 
of United States _Government bonds to the extent of 
Meee. a nd dols. is . They are guaranteed to 

boar intrest at the rate of Sper cont. annum, and vary 
. ow and the bonde - > rhe ret 
q e are redeemable 
United States Government after 1907 has 


PR ny or Tay Brroex.—Another of the girders of 








removed from the works at 

Worm Bay tothe bridge lat Fi Friday, and there now only 
bane. Re ee ens to be Saleen ent from the shore, 
riot | soo wichiarty rp The a Stes, wie mantentel | 
out the week before last, elevated to its 
Valdes bersind, onniotion wenty feng wit adjoin it 
ee com e@ gap which at present 


(For Description see Page 29.) 


Coat In Vicror1a.—A valuable coal discovery is re- 

=. at Sas in the west of Victoria, where bori 
for sometime. The first seam stru 

was met deep at a depth of 10 ft. ; it was 8in. in thickness 
and was composed of what is known as brown ee ite 
14 ft. a seam 15in. thick, Fy peter pee Al | 
of coal, was met with, and this greatly oS 
coverer to persevere. Another 12ft. of 
through, and at a depth of 54 ft. a seam of still better 


= was met with, 20in. in while at 76 ft. 
Seared Sih bet senda Toate 6 

a wi not until a in. 

er ne es ee oes Sees oo 

-_ passed throug @ seam 

5 ft. 6in. thick. This was not, however, solid black coal. 

There were three bands of this article, the intervening 


hands being composed of softer coal—brown coal, in fact- 
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12-HP. TRACTION ENGINE. 
CONSTRUCTED BY MESSRS. J. AND H. McLAREN, ENGINEERS, LEEDS. 
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WE annex engravings of a type of traction engine de- 
signed and sagen be Messrs, J. and H. McLaren, of 
Leeds, who exhibit at the Liverpool Show 
of the Royal Agricultural Society a smaller engine con- 
structed on the same system, but differing in some of its 























cen, agen? HORSES? 


open at both ends to the steam chest, and so arranged 
that the water of condensation can run back into the 
boiler. 

The chief feature of the engine is the arrangement by 
which the boiler is allowed to expand and contract freely 
without interfering with or throwing {any strain upon the 
machinery. To accomplish this the cylinders, instead: of 
being fixed directly upon the boiler, are mounted upon a 
saddle A, planed out to receive a dovetail B, which is cast 
upon the underside of the cylinders for their whole 
length, and fitted into the saddle. A strong frame-plate 
C of wrought iron is securely bolted to each side of the 
cylinder casting, and secured at the other end to the 
wrought-iron bracket D, which carries the crankshaft 
bearing. The cylinder is thus rigidly connected with the 
crankshaft bearings E in the direct line of strain, and it is 
held sideways and clipped down to the saddle by the 
dovetail B already referred to, at the same time the i 
of the boiler is free to expand and contract longitudinally. 

The steam is taken from the boiler to the steam chest 
by means of a steam regulator F, which is fixed on the 
boiler immediately in front of the cylinder, and communi- 
cates with the latter by means of a short expansion pi 
G. This regulator, which is only a small casting, has the 
slide H on the underside, level with the top of the boiler, 
and is so arranged as to form a base for the governor stand 
J, which is bolted on the top of it. The throttle valve 
K is fitted into the same casting, just between the 
regulator slide and the stuffing-box of the expansion 
pipe as shown in Fig. 1. 

All the other working parts are arranged 
carried by the wrought-iron frame plates. The motion 
bars L L are supported at one end by suitable lugs cast on 
each cylinder cover M M, and at the other by a wrought- 
iron plate N, which crosses the engine, and is secured to 
the plates, which also carry the brackets for the 
reversing weigh bar O, — spindle P, &. The 


motion bar hanger, and fixed to the latter by means of 

wrought-iron fence brackets Q on the outer side of the 

plate, so that the crosshead, gudgeon, and motion blocks 

can be drawn doef rgapor vege Sigpaghsnc 

This arrangement of frame, &., saves drilling a 

many holes in the boiler barrel for the various moun 

&c., and proportionately diminishes the chances of 

from bolts, ppc nae gy oe = The piston rods and sli 

teel, latter guided in brass 
. The crank- 
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themsin axle S by means of cast-stecl spar gearing-| THE ELASTICITY AND DENSITY OF | Sle ime. Siow fhvough which the clear sun was often 
Pa eaaen, tn tah, into an inter- VAPOURS. ' shining. The tubes were hung between me and the sun, 
pa heel U tt, 24 . “ime Vcont on out-| ~22Periments on the Mazimum Elasticity and Density | and his rays on passing through the vapour, when the tubes 

w a strong a me of Vapours. * were a) Spree dee with a homogeneous gas, 
side of it 8 in. pitch, working into main spur By Mr. Arex. Morton. sh es tinetly the agitation going on within them. 
wheel W. This wheel is fixed on a main driving boss X, (Concluded from When thees rays were thrown upon rere cot of white ‘ 


firmly keyed on the axle with two keys. There isa 
driving boss Y on the other side of the engine which is also 
keyed on the axle, and the periphery of which forms the 
brake sheave Z. Each of these has six large holes 
cast in to receive the driving pins 1, which pass through 
the bosses of the main road wheels 2, and can be taken 
out of the inner wheel to allow the engine to turn very 
sharp angles. 

The boiler is made specially strong, and is worked at 
120 lb. pressure per square inch. The tank carries suffi- 
cient water for a journey of about five miles, and coal 
enough to last for about 15 or 20 miles. The arrange- 
ment we have been describing has been well worked out, 
and it has been further developed in the engine exhibited 
by Messrs. McLaren at Liverpool. Of this latter engine, 
however, we have spoken elsewhere. 


BOWING'S FILTER PRESS. 

A wnomBer of scientific gentlemen, cement manufac- 
turers, contractors, and others assembled on last Tuesday 
week at the Collingwood Works, Blackfriars-road, to 
witness the private trial of a new filter press which pro- 
mises greatly to facilitate certain processes of manufac- 
ture. The press is the invention of Mr, John Bowing, 
and is based upon the natural law which he claims to 
have discovered, that if a mass of fluid containing insoluble 
matter be intersected by surfaces of suitable material and 
submitted to pressure, the fluid will travel along such 
surfacés to any outlet provided for it. The press is 
adapted for such of those processes in the arts and 
manufactures as require the separation of solid and fluid 
matter which previously to treatment existed in me- 
chanical combination. Among others may be mentioned 
the ——— of “ slip” as it is termed—i.ec., chalk and 
clay—from the water with which it is mixed in the 

er 8 of Portland cement making, and in which 
combined condition it is known as “slurry.” So also 
potters’ clay and china clay have to be separated from the 
admixed water, yeast from beer, sludge from sewage, 
and colours and chemicals from the fluids in which they 
are formed or treated. In the trials referred to cement 
slurry was the material acted upon, and the slip was most 
successfully separated from it. The filter press consists 
of a series of wood rings of from lin, to 3in. thick— 
according to the requirement of the material to be 
filtered, some allowing a thicker film than others to be 
formed before the limit of filtration is reached—and 
about 2in. deep in the ring. The diameter varies 
according to the size of press, that of the press tried 
yesterday 2 ft. 6in. Between the rings are placed 
zinc discs, each having a covering of canvas and a 
slotted aperture across the centre to allow of the free 
pemege to all the discs of the material undor treatment. 
number of these rings and discs are placed together 
alternately and screwed up tightly in a framing, the 
discs and rings mting the Segment of a cylinder 
laid on its side, The centre ring is thicker than the others, 
and into it pee is led from a force pump, by which the 
slurry is fed into the press, Of course there is no 
pressure exerted until the press is filled, which in 
tice is done by simple gravitation. The press once 

ed and pressure applied the water is expressed from 
the sla and finds its way through the canvas and 
t the disc behind it, out to the periphery of the 

, whence its trickles down into a trough below, and 

is carried away. After the separation has been com- 
pleted, the time of which varies with the material under 
treatment, the press is opened and the discs and rings are 
A circular cake, formed of the solid material, 





thickness of the wood ring. This cake is then dealt 
with according to requirement. [t is worthy of note that 
on removing canvas from the discs no traces of the 
solid material were found, showing that water alone had 
been forced through the canvas. It was stated that the 
prrewen a sepreaeee tae heen asap ee Sx spews Cane 
prior to the arrival of the visitors. The results 
were certainly very remarkable, and, as far as the trial 
tory. The saving effected is stated 
to be sufficiently large as to have induced several cement 
manufacturers and others, whose nan‘es were mentioned, 
to adopt the press. 


It certainly a to be an advance 
upon iceb dient. hidin BeaeTeAt My oak. puemeieen: fe 
expedite and cheapen several important manufactures. 





BanBurRY AND CHEL’ Direct Rarnwar.—The 
ian ee ete 
session having passed the Lords’ Committee, it is 
tn rovka” Rha dace om ny 
the works ce ben Vamelstel water the direction of 
Mr. Edward Wilson, 0.E., of Dean’s-yard, Westminster 
Posey ep 
Terry, of Onaltenhaes : 


page 18.) 

CAGNIARD DE LA ToUR pane a his iments with 
tubes heated in an oil bath ;+ and to in when the 
liquids had become gaseous, he must have raised the tube 
frequently, so as to examine minutely if the liquid had 
vanished, because oil darkens in colour with heat, and he 
8 Fo handle to a eae would . 
the , causing condensation, so far decom the 
glass, before the experiment had been ee ety 
make the point uncertain. Whilst experimenting with his 
tubes containing distilled water, he does not say what was 
the substance he used as a bath ; but with any substance, 
if ever the e: imental tube fell in temperature, its trans- 
parency w have been so far lost. This difficulty 
vanishes when the experimental tube is constantly sur- 
rounded by a body of a considerably higher temperature 
than itself. 

His experiments with ether and bisulphide of carbon 
given in the following year, 1823,t show, I think, that 
with the greater quantities of liquid the curve representing 


CcaSTICITT 18 LOS PER SOR tH. 


passed into state. As a further test, I have experi- 
ny | with a a a to — I have — 
near the beginning paper, and represen y 
Figs. 1 and 2 (see page 17 ante); but both ends of the 
tube now contain the same liquid, the one end rather less 
Ker of than the other, but filling at least about one- 
of the spaces. 
In experimenting with these, the end containing the 
least quantity of liquid generally boils first ; if not, it can 
be made to do so, which compresses the r quantity 
up oun = fa by Fig.2. Ata certain tem- 
pera e whol the lesser quantity appears gaseous, 
and for alcohol at about 485 deg. Fahr. ; if we aliens 
to raise the temperature up to, and even above that of melt- 
ing lead, which is about deg. Fahr., the gaseous end 
increases in elasticity at least ear with the other end, 
because it continues L compress the liquid in that end, and 
prevents it from eva) ing. In ing down again, the 
: end still ho! et pale Se Senne eek So Sem 
in its own end after thecloudy state has passed. By otjecting 
the flame so as to have a sudden command of the hea 
in the bath, you may then catch in both ends the boilin 
liquid when the mercury is level in both limbs. 
three single tubes containing sulphurous acid of commerce 
{7,80,), they go into the state in the following order : 


t containing one-fourth of liquid first, at about the 
temperature of lead; that containing one-third 
, at, I should \ than 10 deg. more; and lastly, 


that containing one-half, at about 20 deg. more. These 
temperatures are, of course, merely approximate from 
the time after the lead melts, compared with the rate of 
heating at rather lower tures. This substance, 
i alters the trans- 











TEMPERATURES 


the pay Sage aang undisturbed after the liquid has 





there were lights and shadows so different in h of 

shade, that one would have t' ht they had passed through 

a sane semetes cloud of smoke. iia tes diniialnie tle 
ve been a little particular in trying escri' 

int when a cloud does actually form within the tube, and 

e colour of it for the different vapours I have experi- 

mented with ; but 5 aesee just referred to were pro- 


duced at the hi peratures, when the vapour, viewed 
in a certain light, seemed pure and transparent. My object 


in describing the colour of the cloudy state is to 
draw attention to this means of analysing liquids. When 
I could tell from the motion and colour of the cloud what 
liquid was under experiment, without a beforehand 
either the liquid or the temperature, I think if experiments 
were so ed as to have, as it were, spectra of these 
clouds when the liquids are in that state, much might be 
gained as to the constitution of both liquids and vapours ; 
and I find single tubes containing one-third of liquid at 
60 deg. Fahr. are the best for observing this phenomenon ; 





fant 


these attain that state in the following order :—ether at 
405 deg. Fahr., alcohol at 490 Fahr., bisulphide of carbon 
at 500 deg. Fahr., chloroform at 520 deg. Fahr., benzole 
at 620 deg. Fahr., sulphurous acid (H,SO;) at a little 
above melting lead, and spirits of turpentine at about that 
of melting zinc, but much below that of antimony—thus 
nearly agreeing with distilled water. 

Many single tubes were purposely raised in temperature 


until they burst; and the arrangement for this p 
consisted in laying one tube at a time on a le, D, of 
thin sheet copper, at an le in the bottom of the bath A. 


Each tube was surrounded with a spiral cutting of sheet- 
lead and sheet-zinc, and a small piece of antimony was 
suspended in contact with the tube under experiment ; 
these were my thermometers. The cover of the bath was 
generally a piece of common sheet-glass, but at times 
merely a light card. One tube, containing one-half of 
liquid chloroform, was laid on a cradle, and 
covered with a loose card. It appeared to be completely 
filled with a homogeneous vapour, at 520 deg. Fahr., and 
exploded with + violence after the zinc had melted ; 
and a the bath was merely covered with a loose 
card, which I had removed to ascertain if the zine had 
melted, and replaced just the moment before, the bottom 
was driven out of the brass bath, the card riddled with 
fine holes, and the cradle as flat as if it had been crushed 
under a heavy roller, and the tube itself glass dust. 

The effects were so great compared with a simple 


burst, 
to em. 


some. These have been consi above the tempera- 
ture of — zinc, I should - near to that of antimony; 
and the liquid, I find, shows evi igns of decomposition, 


as the liquid in one is now so dark 


alcohol, when hung in the bath these liquids 
until the whole tubes are completely 

the faintest attempt at ebullition at a mean tem 
but above and below that there are no 
= + which contains the alcohol 


to 

lens, 

pre 9! me ma mo- 
tion ; but you can, in some lights, easily detect a hair line 
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of demarcation rising gradually to the of the tube as 
the heat angments. This line is more ah detected with 
the colou chloroform, as the vapour 
depth of colour, but both liquids seem to follow the same 
law—that is, they imerease in bulk without the boiling 
action. 

These very same tubes have repeatedly been experimented 
with, and often raised in temperature until the whole liquid 
had been converted into vapour, and on having been cooled 
down again, the liquids ap ‘ectly pure and trans- 

rent as at first. At first, and at every re-heating, they 
invariably began to boil, and continued 69 so todo as the heat 
increased, the line of demarcation f ually to 
the bottom, until the last globule had —— by eva- 
poration ; and what is very remarkable, at about that tem- 
aw ‘when the one disappears at the bottom the other 

pears at the top. 

What I wish to call attention to, is the fact that the 
ori liquid was converted into vapour by the a; go 
action of ebullition, whilst it now simply e as in 
vapour. What, therefore, i is the action of ebullition, and 
wherein do the fluids differ ? 

Liquids in bent tubes, such as Figs. 1 and 2, sealed cold 
—that is, containing air in the into the “ Sag- | om 
niard de la Tour’’ state at a few y seers Biman he = 
than those in single tubes, such as Figs. 4, 5, and 6, 
sealed cold ; and on single tubes, sealed cold, at a lower 
temperature than those which were sealed when thoroughly 

From this it would appear that the increased 
pressure from the vapour of mercury and air assists in in- 
ucing this state at the higher temperatures in the bent 
tubes, and that the pressure of the air alone assists in the 
single tubes sealed cold. Cagniard de la Tour’s later ex- 
periments with ether in bent tubes containing mercury and 
air, show 10 deg. Réaumur less heat, If, therefore, pres- 
sure alone can induce this state with liquids considerably 
removed from their temperature of maximum density as 
liquids, then it would follow that, if the pressure be great 
enough, this state would be induced at much lower tem- 
peratures ; and my experiments with single tubes contain- 
ing three-fourths of liquids, I think, confirm this. 

fr one were to continue this line of thought, it would 
lead to the assumption that, under a certain pressure, 
every liquid would be in this peculiar state, and that, as a 
consequence, pressure alone could never induce solidity ; ; 
and we know that Faraday has said, “‘ Solidification has 
not as yet been conferred on a fluid by any degree of pres- 
sure’’;* as also, that Sir William oem has proved 


that pressure lowers the temperature of solidifying water ; | cl 


therefore I think it probable that pressure alone may never 
induce solidity. 

It would appear from these experiments that those 
liquids most expansible by heat arrive at the ‘‘ Cagniard 
de la Tour’’ state at the lowest temperature, and that the 
volatility of the liquids, or the weight of their vapours, 
have little or no effect in inducing this state; and if the 
liquid be of sufficient quantity in relation to the s , the 
curve representing the mapa remains undistur after 
the change has taken place 

Before concluding t this paper I shall here take the oppor- 
tunity of pointing out an error regarding the temperature o 
Cagniard de la Tour’s experiments, which has crept into 
every English translation I have come across. In the 
Quarterly Journal of Science, Literature, and the Arts, 
London, 1823, vol. xv., p. 145, there cae a translation 
of his first memoir ; and at p. 147, 4, the temperature 
is given in degrees Fahrenheit, ‘thus: “The ether re- 
quired a temperature of 320 deg. Fahr., alcohol that of 
405 deg. Fahr.”” Thomson on Heat and Electricity, 
Glasgow, 1830, p. 220, in a foot-note describing these ex- 
periments says, in the second Pp ph, ‘* Ether became 
gaseous in a space scarcely double its volume at the tem- 

rature of 320 deg.; pressure, 38 atmospheres. Alcohol 
| rene gaseous in a ee about thrice its volume at the 
temperature of 404} deg.; pressure, about 129 ane. 
spheres.”’ ain, in the Practical Mechanic and Engi 
neer’s Magazine, Glasgow, 1842, vol. i., p. 205, after 
scribing the method he adopted, we find the ‘tollowing : 
“Ether became gaseous in a space scarcely double its 
volume, at a temperature of 320 deg. and exerted a pres- 
sure of not more than 38 atmospheres, whereas, by calcu- 
lation, its elastic force should be 168 atmospheres. Alcohol 
became gaseous in a space about three times its volume, at 
the temperature of 404} deg., and exerted a pressure of 
only 139 atmospheres, whereas calculation gives 221 atmo- 
— Faraday, in his Researches in Chemistry and 

hysics, p. 126, gives no quotations as to temperatures, 
but he refers to the Quarterly yen all This is nearly | 2° 
as misleading as if he had quoted therefro 

There are other English books mally 0 at fault ; — . 
seems to me that the Quarterly "Journal has been ¢ 
ine they have all followed. 

ing my experiments with these liquids, I found 
as. did not even come near to this in ee to tempera- 
ture, and on referring to his seine per I at once dis- 
covered the error of — tions. My friend, 
M. Bouzier, who is. a er et French here, has given 
me, to the best of his ability, a correct translation of the 
whole paragraph referred to, which runs thus : 

“To determine the degree of heat to which ether and 
alcohol reduced into vapour, the tubes containing those 
liquids were heated in. an oil bath, in which ® mercury 
Réaumur thermometer was plunged. The oil was put into 
a glass cylindrical vase or gauge. By this means the 
moment when the liquids in the tubes reduced into vapour 
was easily noticed ; and it was ascertained that ether re- 
— or that reduction 160 deg. of heat. and alcohol 

eg 

From this it is evident that Cagniard] dela Tour had 


* Faraday’s Researches in Chemistry and Physics, p. 99. 
+ a de Chimie et de Physique, vol. xxi., p. 181, 
par. 





rather less}and the 


wards | paper, and in the 





Se 
a mercurial ihermometer graduated to the scale 
—— which has only 80 
water; therefore 160 


—- ~ points 

Réaumur should read 392 deg. Fahr., instead 

Fahr. ; and 207 . Réaumur should read 

Fabr., instead of deg, Fabr. The error 
that the thermometer he « 


100 der. Fahr. is corrected, ies aintahenie and ta 
these liquids become very near alike. 

The pressure of the vapour of alcohol given in the original 
ly Journal, is 119 atmospheres, 
therefore the numbers 129 and 139 atmos; heres are évi- 
dently errors In his second memoir,* 
to, his tables giving the elasticity of ether and 
of carbon at different temperatures have the tome of 
temperatures headed thus: ‘‘ Degrés de Ties 
There can therefore be no question this point 
and that the whole of his experiments were perform and 
with a Réaumur mercurial thermometer. It is 
gn that these experiments, so much referred to 

eminent physicists, which, although translated 
ublished in London more than a 
= id have been copied and reprinted in so many 
containing such errors unobserved. 








NOTES FROM THE SOUTH-WEST. 
Neath and Brecon Railway.—The Neath and Brecon 
line was formally taken possession of on Monday by the 


Midland Railway Company, who then commenced to run ' 


their carriages over it. 


The South Wales Coal Trade.—The arrangements of the 
Strike Committee aré carried out at ens bi oe 
So deduct the 6 par subrpeepemt bake a wages, | 

e 5 per cen! 

and hand it over to the strike fund. By Gite meats 
can be no dispute as to ~ b petg A _— the men should 
pay; every man will there iby share. The 
men who are at work at Aberdare 
brought out their tools on Thureday the ‘Topute poe is 
the mode of weig his question 
before the next meeting of "the Slidi Scale ‘Guamitin 
Thess men number about 300. The Plymouth and Aber- 
dare colliers are p for a lock-out, and there is no 
doubt that the cnetes of the Plymouth Company will be 
= on the Ist of next — =| pd the Oe. 

essrs..Brogden’s men and their employers, at the 
more Collieries, was brought to a close on —— by 
Mr. Abrahams, one of the miners’ agents, who had an 
interview with Mr. Brogden in London, and came to an 
arrangement by which the men will resume work at the 
old terms. There are differences to settle with thé teed 
ground men, the owners of several of the collieries ha’ 
given notice of a 5 per cent. reduction in their wages; “pat 
as they do not form a part of those included in the oe 
they will be separately dealt with by each 
The output of coal was last week very large, fina the 


f | shipments were above the average. 


Rhymney Valley.—During the past week there has been 
a decided improvement in the trade in this valley. At 
the New “Bor o rm, al the men are working regu 

larly. At the Dowlais [ron Company’s level 3 the George 
Inn pit, trade is very brisk. The are 
doing much better than they were about a fortnight since, 
and in the Pengam district there are signs of improvement 
in the house coal trade. 


The Pengam Colliers. —The men employed at the }i 
New Rhos pits have passed a resolution to | space to 


Gwladis an 
support the men on strike in the Ogmore Valley, and also 
the Plymouth and Abernant colliers, in the event of their 
coming out on strike. They have agreed to contribute a 
sum of 1s. in the pound a of their monthly earnings, if 
the last-named colliers should strike, but they consider 
a lesser sum will do if the Ogmore men only cmt out. 
Submarine Cowntermining.—Extensive experiments will 
shortly be carried out in Stokes Bay, a to test 
the value of submarine coun operations 
men of the torpedo companies of the Roy val Engineers will 


be engaged, as well as seamen from the Torpedo School | 5 ade 


ship at Portsmouth. 
The Forest of Dean.—The house onl trade of the Forest 
< fer ¢ resents the pee degree of fan arene as 
‘or some weeks past ; an improvement can 
pepecetnaty cpio: | of months, or it-then takes 
place. Commotion is doing m both masters 
no gm? seer “ne pitmen are work- 
* | ing three and four days per week, ‘At the iron works trade 
is no better. The depressed state the Forest 


Sing ten do ee: tiiption onbanigns, eek meetings to. 
promote th same are being nightly held within and around 
e district 





FOREIGN AND COLONIAL NOTES. 


a a on the East fadians te expen- 
diture made on the maintenance of 2 it way and 
works on the main line of the East Railway during 


the poner year ending Seotmber 31, 1876, was 11.34d. per 


en ee a train mile run 
corresponding pestot PE pe eige Fow 
ported thatthe line gonerallyis in good that 


active being made in the completion of such 

works foe an aecleene ogee os require. 

eect en Set Bridge by hany cour daring the 
ooo bridge scour 





* Se nord he cae 


alee meget ny a axe the Ou and 
Beas main line. Plans ve 
set nan he ‘Se, Page, Sad Dal Hay 
av | syutien i the Goverusont deckdes thabit should Soso.. 
Water Supp Rio de Janeiro.—Mr. Gabrielli, con- 
Pico» Seta tg Bo Sigaodm at.Rio de Janeiro, has been 
pearing Sam Berward vigttoeny-anaee his own personal 
French and Austrian Railways.—At the of 1875, 
int ob ee net Dee 
mn 
Sean, seetid ch Che kanes date ean O76T nulla’ 
_Pig Iron in the United States.—In 1810, 54,000 tons of 
iron were made in the United States. In the. 
Be ares had rises 00 168,000 toa: In 1850, it 
increased 755 tons. In make 
far more ¢ aggregate of 1,865,000 tons. In 1873, 
the maximum prod of any one was > 
the make of that year having to 2,868,278 tons. 
Since 1873, there has been a in 


yo sensible 
the 2,689,413 been made in 1874 
2,266,581 tons in i875.and $008,256 teas to 1876, : 
tain Galton on “ Elevated’ 


with. 
trafie i erection ; it is economical, it to 
on, ; emcee roe Neale 2 ratte rom ain y 


Chilian, Railways.—It is reported that the 
wagon, | Shareed. with the survey of new xeilway from & 
comm 


"7s. Lid. per 


s 


have com 
ive operations will 
Belgian Coal.—In 1867, the a 
in the province of Namur was 


the ave 5-3 5% 
Tost year the average 
08 


ti re = a 


of course, at the pit’ mout 

American Mechanical Industry.—The Baldwin Looomo- 
tive Works, Philadelphia, have shipped a locomotive to 
Australis, Messrs. Seyfert, M and Oe. of 
ing, Pennsylvania, have been making 


sac feat dh pte in age exon eee. The Wainer 
ve received 


FFF 


patent for this tuyere. 
New Wharves at Port ee new 
by the local Commercial Com 
Sythenei 


Australia, has been sa‘ 
month of the contract § time. “The contract 


- 
tify 


E 


filled in with 48 
of silt and 4000 tons of limestone silt, hich Mes Reason 
has dredged alongside the wharf ; but cdi tons more of 
limestone silt have 


et to be dredged to 0 btain the 

Ft Ny pt ba ig“ level 

— h A Cungter 2 ean ee a 
met and 204 ft, 


length of the Commercial Company's wharf, 
ch the new one, is 609ft. to the corner and 20: 
from to the swing . The wharf known as 
Levi's, from the swing bri the corner, has been ré- 
skeleton wharf new one, 


the removal of abo t 13,000 cubic yards of silt - 
St ee The docking is 16th, wide, 


i“ 


been and is intended for the use of small craft only. 


explorer, has 
i sth watersuoe, $0 Doltguie. 
al . He considers 
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THE PENNSYLVANIA RAILROAD. 
No. X XIX.—Casr Iron CaILLED WHEELS. 


Turovenout the whole of the rolling stock on 
the Pennsylvania Rai as on other American 
lines, cast iron chilled wheels are employed. On the 


locomotives, except for shunting engines, this mate- | 


rial has given place to steel tyres, but cast iron wheels 
are employed on all engine trucks, and chilled tyres 
are also used for yard engines, The enormous 
demand for .wheels.of this class is supplied by a 
considerable number of manufacturers, most of 
whom employ only mixtures of high class brands 
of charcdal iron of fine chilling qualities, and great 
tensile strength. Messrs, Whitney and Sons, of 
Philadelphia, take the first rank among the manu- 





Fre. 1. 


facturers of chilled wheels, and they, until a 
foundry was established at Altoona, supplied the 
Pennsylvania Railroad to a very large extent. 
Amongst the other makers are the Lobdell Car 
Wheel Company, of Wilmington, Delaware; the 
Cayuta Wheel Foundry Company, Waverley, New 
York ; and the Ramapo Foundry, New York. We 
have already (see page 512 of ENGINEERING, vol. xxi. 
and page 358 of our last volume) published detailed 
descriptions of the process of manufacturing these 
wheels, and need therefore refer it to only briefly. 
The mixture—generally a number of cold blast 
charcoal irons, and some hot blast pig, together 
with a percentage of ‘old wheels broken up— 
is melted in cupola furnaces, and is then run 
into chilled moulds, the castings being removed 
as quickly as possible, and placed in annealing pits, 
when they are allowed gradually to cool. In some 
cases the cooling is retarded by means of the hot 
gases from an adjoining furnace circulating around 
the pits, and in others the wheels are left to cool 
gradually by themselves. When removed from the 
pits they are inspected, tested, and if passed, are 
plesss on service, each wheel, in the case of the 

ennsylvania Railroad, being numbered, so that 
its duration and a record of its performance is pre- 
served, During the year 1876, the production of 
cast-iron wheels was about 500,000, a number gene- 
sally exceeded during periods of more activity than 
have characterised the few years in the United 
States. This production represents a daily total 
demand of 1250 tons ‘of iron, of which 300 tons 
would be supplied by old broken wheels, and the 
remainder from new material, the total for the year 
being 290,000 tons. According to Mr. Douglas 
Galton's report on this subject to the Philadelphia 








Exhibition Commission, the total annual yield of 
charcoal iron is about 600,000 tons. In 1873 it was 
574,720 tons, produced by various States as follows: 
tons tons. 
Maine 7 Tennessee 34,532 
Vermont 8,100 | Ohio 498 
Massachuset 15,704 | Maryland $0,318 
Connecticut 977 | Virginia © ... 075. 
New York 29,327 | North Carolina 1,482 
Pennsylvania 45,854 rgia 91 
Alabama .... 22,283 | Michigan 113,475 
Texas sa ; 280 | Wisconsin 38,880 
West Virginia . 1,950} Missouri .. 39,586 
Kentucky ... wee 42,219 
The Salisbury iron, so called, comes from furnaces 


|in Massachusetts, Connecticut, and New York, ‘and 


during the same year was produced in the following 
quantities. 





tons. 
Massachusetts 15,704 
Connecticut 26,977 
New York... 5,000 
47,681 


or about 16 per cént. of the total iron employed in 
the production of the wheels. 

One maker, Messrs, Lobdell and Co., turn up 
the wheels before they are put in service, as it 
ya sew that they are sometimes a little out of trath 
on leaving the annealing pits. The Pennsylvania 
Railroad Company, however, do not find this 
necessary. cast chilled wheels may be 
relied on to give an average mil of 50,000 or 
60,000, after which they are sometimes turned up 
and — again in service ; the stecled wheels of 
Mr. ilton, however, give a far we oe duration 
than that just mentioned. ‘No instance is on record 
of chilled wheels when in service; the 
causes of failure arise chiefly from the tread wear- 
ing hollow or flat, or from the metal at the tread 
breaking out so as to form small pits or hone bs. 





All the wheels made and on ‘the Pennsyl- 
vania Railroad, contain a certain proportion of steel 











pig, proportion somewhat ss of 
intended for the mixture, the charges being en- 
tirely of cast iron. This is done pacar seo 
does not melt so quickly as the cast iron, the 
mixture therefore would not otherwise be complete. 
When charcoal irons are employed, which 


PRES Sir 


Fg Oy) koi tags 


chilling qualities, such as to make good chilléd 
wheels, an addition of § per cent. of steel 
too hard a mixture, and in such cases 5 per cent, of 
cof iene chilling pig ara Asa gee of pro- 
onged practice, from r cent, of wrought 
icon or steel te ube th the sikxbajes, with an equal 
amount of soft anthracite, which of itself chills to 
a depth of about ¥, in. The advan obtained 
by the Hamilton process are y increased 
strength and toughness, which give an increased 
life to the wheels, some of wi have run no less 
Annexed is an illustration 
showing a or body of a 


than 160,000 miles, - Anne 

epee t) plate. 
Hamilton wheel, broken ails sees 
weight, and dished during the to a ° 
3in, The cracks on the convex side of the plate 
do not extend through the metal. Fig. 2 isa sec- 
tion showing the in a wheel inade with 85 
cent. of charcoal iron, 7} cent. of anthra 
and 7} per cent, of steel; the strength of this w 
is recorded in line 7 of Table No. X. Fig, 3 isa 
mixture of 80 per cent. of anthracite Po a 
cent. of wrought iron (see line 14 of Table No, XI). 
and Fig. 4 is a mixture of 80 per cent, of charcoal 
iron, 10 per cent, of anthracite, 5 per cent, of 
and 5 per cent. of iron. In the following Tables, 
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which paper the proportions now under notice were 
TABLE No. X.—Resvtts or Tests OF DIFFERENT CLAssEs OF IRON FOR CHILLED WHERLS. also given. In reply to our remarks we then re- 
ceived—and duly published—a letterfrom Mr. Clark, 
Classes of Iron. se be in which he oo oe the bps trate in question 
Tensile |Extension in |Transverse| Depth of | were not to en as representing ordinary 
Number ne st a of an aon Deflection. av ig eesotion, but as those required to fulfil certain con- 
of Test. | Per Cent. | Per Cent. Cent. | Per Cent. ware! 1000 IL of per Square tions. On 815 of the book now under review 
of Char- jof Anthra-| or steel, of Wrogt. [Per Sas i — we find the figures given “as a standard result of 
coal Iron. | cite Iron. | Iron. Inch. Load. . : ee - 
ana . ‘‘ average practice for portable engine boilers of eight 
1 0 1 | Oo 0 15,167 .00083 5075 .00391 to ‘nominal horse power,” a statement which is cer- 
2 0 9 | W 0 15,267 .00023 5775 -00270 ” tainly calculated to mislead the reader, as the areas 
3 0 85 | 15 0 17,933 ose 6325 = ” of grate and heating surface set down are vastly in 
4 4 3 . A op 000i 4 "00205 — excess of those provided in practice. For 
4 : 80 | Hg 20 19,900 00011 6038 (00207 3 instance, the heating surface of an eight-horse 
7 85 7 | 7% 0 28,150 .0007 9425 .00247 § to portable is given as 220 square feet, whereas about 
s 80 10 | 5 5 500 8200 -00204 # » 140 square feet, or even less, is a more usual pro- 
rtion. We have directed ar attention to re 
.: ture, because Mr. Clark’s book may be expecte 
TABLE No. XI.—Txsts or Various Mixturzs or Pia Iron witH Sree. AND WrovueutT Iron. age 8 its sees os 6 cended vr of hn ce, 
and hence the statement in it that an eight-horse 
Tensile rtable boiler should have 220 square feet of sur- 
M Strength Extension.| Transverse) Deflec- Depth of ‘ace may under certain circumstances give rise to 
sasuas. gece "| Strength. | tion. c trouble. 
Inch. We now come to the section dealing with the 
—_—— “ . > , amar steam engine, this eo a really an ee 
. iD. - EE ip ig little treatise on subject ough it includes 
Glendon, No. 1, anthracite 15,167 sete ore 00391 | vs to chill | some statements with which we Secor ares. Mr. 
thraci we] 15, 00023 | 5775 | .00270| ttogchill | Clark begins this section by explaining the action of 
00 tb Glendon No | aa. 00 i ones iron ve ’ steam in a single cylinder, and it is in the course of 
as ue eae tte eae nee wet 26,983 | 00011 | 6400 | .00284] FtoFchill | his remarks on ion that we find one of the 
F to which wevhave just alluded. 
600 Ib. Glendon, No. 1, anthracite, 150 Ib. steel rail...) 17,983 | none | 6925 | .00296| § to? chill pres Hi a hea iitiels to be 
bed Gienten, = 1, extansile, rg » waety t oe 19,867 die 5400 | .00297| $tofchill | gained, _ theoreti ay leet ~— accel of 
lendo anthracite, 75 Ib. il, 75 Ib. very large xpan : 
600 Ib. mt ‘ron rll "7 me ps a -- 19,883 none 5975 00205 | 4 chill ae reason usually “aa we ae e 
800 Ib. Glendon, No. 1, anthracite, » +wroug ‘ . of pressure, in expandin, a higher pressure 
iron rail... - oes eee on one ove oe 19,900 .00011 6038 .00207 3 chill “‘ than the back 4 ure, is based on the frictional 
800 Ib. Glendon, No. 1, anthracite, 200 Ib. steel rail ...| 20,783 | .00012 | 6925 | .00254| gtofchill |* a poy of by tee pees ge 
1000 Ib, Cornwall, No. 1, anthracite ... 15,488 .00025 4088 .00358 | no chill “ hr on oe rc it bat said, should 
= F “6 t which i i t th 
800 Ib. Cornwall, No. 1, anthracite, 200 Ib. steel rail ...| 17,583 | 00013 | 5475 | .00810) 4 chill «oats aaa on tas Sststionaitdistnnes, nince, 
~> Cornwall, No. 1, anthracite, 200 lb. wrought iron oye ne wes ooaes | 4% chill it is ed. if the are at any part of the 
a, a i nk mf fF. ‘ d dei eer five cuns'ed-htasoudetonces, 
1000 Ib. Clove, No. 1, anthracite 14,200 00044 4812 .00601 no chill ‘‘the excess of these above the positive pressure is 
. ‘¢ so much dead resistance and is so much in reduc- 
800 Ib. Clove, No. 1, anthracite, 200 Ib. steel rail ... 19,667 none 6362 -00367 clouded } im. | «: tion of the useful efficiency of the steam. This 
“ — is puso g but 22 ya and it would 
si ‘“ be valid only on supposition the engine 
‘ TABLE No. XII.—Tests oF Various WHEL MIXTURES. “coud move, wh thout, abithe-enms time, doing its 
‘‘ proper duty in driving shafting and machinery. 
onpre Jor Souare Inch, | Extension. | “Gensvene’ | Deflection. | « This supposition is of course impossible. But why 
‘ ‘‘ draw the line of so-called useless resistance at the 
aes s - : “¢ flywheel en The — - g for driving ry = 
Charcoal iron with 2} per cent. steel ... , : : ‘* chinery opposes dead resistance, an ore 
a m ee 26,733 00019 9538 00185 | the engine can move at all, the resistance of the 
' - 2 24,400 00024 7938 00218 |‘ shafting must be overcome. The resistance of all 
“ — ‘* the cthivent must likewise be overcome. The 
t - i oie 28,150 00007 9485 00247 | « useful work to be done must likewise be overcome; 
Q » tee “in fact the whole of the work dead, or alive, must 
” { , a » Wrought iron 25,550 00009 8750 00221 [be overcome. So the argument leads to the 
, ” a “ absurd se arabes the re on the cy- 
P ye ; Y 0000 8200 00284 ‘‘ linder should not below the total mean pres- 
iM { ee mrgaent on } ae “sure exerted; and as it ‘should not fall below, 
“ neither can it reach above the mean pressure, for 


No, X. gives the strengths of various mixtures, No, 
XI. the results of some trials of mixtures of pig 
iron with Bessemer steel and wrought iron, an 
No. XII. shows the strength of various wheel mix- 
tures used in the Hamilton process. 

The last poe 9 or ay No. ir ooh that aaa 
commonly used for wheels, corresponding to that in 
test 7 of Table No. X. 
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WE have alr commented upon the painstakin 
way in which Mr, Clark has collated experimen 
data for the work under notice, and in no section is 
this feature more strongly marked than in that deal- 
ing with the evaporative performance of steam boilers 
w comes next in order, Mr. Clark has brought 
together the results of a vast number of experiments 
on boilers of almost every well-known type, and he 
has them in a manner which renders them 
very convenient for reference. Our author also 
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~ ® The average tensile strength per square inch of charcoal irons used for car wheels, is 22,000 Ib. 


deduces from the results recorded formule for the 
relations of grate and heating surface, &c., for dif- 
ferent t, of boilers, these formule embodying 
the principles laid down in his well-known work on 
‘*Railway Machinery,” published in 1852. Mr 
Clark’s deductions are that ‘ practically, there can 
“never be too much heating surface as regards 
** economical evaporation, but there may be too 
“ little; and that, on the contrary, there may be 
‘** too much grate area for economical evaporation, 
“ but there cannot be too little, so long as the re- 
“ quired rate of combustion per square foot does 
“ not exceed the limits imposed by physical con- 
“* ditions.” With these conclusions we, in main, 
entirely agree, but we think that in his observations 
on these matters, Mr. Clark would have done well 
to have directed attention more prominently to the 
influence of flue area on the result obtainable with a 
given ratio of heating surface to grate. We are 
also unable to agree with his remarks about the 
average proportions of ble engine boilers, the 
Table of proportions which he gives on 815 by 


no means fairly representing those adopted in general 
practice by portable engine builders. This a matter 
to which we directed attention somemonths ago (vide 
page 449 of our twenty-second volume) when 
noticing a paper contributed by Mr. Clark to the 
‘* Minutes of the Institution of Civil Engineers,” in 








‘“‘ that would imply an additional initial force, which 
‘‘would render a greater mean pressure, which is 
“absurd, If the ent had any truth in it, it 
‘* would lead necessarily to the abandonment of all 
‘expansive working, and to the employment of a 
‘uniform pressure, with the admission of steam 
‘* throughout the whole of the stroke.” 


It is with great surprise that we find a writer of 


Mr. Clark’s ability ing such a as that 
we have quoted at pron bere ts fallacious” 
and ‘‘absurd” an argument which is certainly very 
approximately true for the conditions of ordinary 
practice, and which is absolutely true if we assume 
—as we very well may do—that in any given t 
of —— if = we mrt varied within mode- 
rate limits, or the piston similarly varied, then 
the internal frictional resistances will = the 
volume oh through by the piston. Mr. Clark 
to as to where the line is to be 
drawn in taking account of the * ive resistances” 
he refers to. ith reference to this we may say that 
there is no hard and fast line applicable to every 
case, although usually the resistances beyond the 
flywheel shaft do not affect the question. Perhaps 
an example will explain this more clearly. Let us 
——— ease of an engine driving (either by a 
: from the flywheel or by gearing on the flywheel 
shaft) a first motion shaft at a speed of 100 revolu- 
tions per minute, and let the steam in the cylinder 





of this engine be expanded so that its final pressure 
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is just equal to that which is required to overcome 
the internal resistances of the engine, including those 
of the flywheel shaft. Keeping now the speed of the 
first motion shaft constant, let it be desired to work 
the engine more expansively, the same initial pressure 
of steam being used. This of course involves that 
the piston should sweep through a larger volume per 
minute, and this increase of volume swept through in 
its turn involves either an increase in the diameter of 
the piston or an augmentation of the piston speed. 
This latter alternative can of course be satisfied 
either by increasing the stroke of the piston, or by 
running the engine inter, and ee modi- 
fying the proportions of the gearing or belt 

whic count it to the first Stim shade Waicke 
ever of these alternatives may be adopted there will 
be an augmentation in the number of boobipolinds of 
work per minute expended in overcoming the in- 
ternal resistances of the engine, and approximately 
this augmentation will be proportionate to the 
increase in the volume swept thro h by the piston. 
But the additional work developed by the further 
expansion of the steam will necessarily, under the 
conditions assumed, be less than that required to 
overcome the additional resistances, and hence the 
increased rate of expansion will resultina direct loss. 

In the case just stated tho frictional resistances 
beyond the flywheel shaft have not to be taken into 
account, but, as we have already remarked, this is 
not the case in all instances. Thus let us suppose 
that instead of altering the ratio of the gearing 
between the flywheel shaft and the first motion 
shaft it was attempted to work more expansively by 
running the whole of the shafting as well as the 
engine faster, the belt connexions between the shaft- 
ing and the machines driven being altered to suit 
this arrangement. In this case the increase in the 
ratio of expansion would be attended by an increase 
in the work expended in driving the shafting as 
well as the engine, and this increase in work ex- 
pended would have to be taken: into account in 
estimating the advantageous limit of expansion; 
These latter remarks respecting the resistances of 
shafting apply principally to cases where it is pro- 
posed to increase the eee working of existin 
engines. In the case of new plant the case wo 
be somewhat different, for with a- given er to 
transmit the shafting if run faster would be made 
lighter, and hence its frictional resistances would not 
be so much increased by the increase of speed in the 
“i we have assumed. From what we have said it 
will be seen that the ‘‘ passive resistances” which must 
be taken into account in any given case are those 
which are increased or decreased by an increase or 
decrease in the rate of expansion at which the engine 
is worked. There is thus no ground whatever for 
the assertion made by Mr. Clark that the principle 
which we have upheld would if true—as it un- 
doubtedly is—‘‘ lead necessarily to the abandonment 
‘¢ of all expansive working.” 

Mr. Clark's section dealing with the calculation 
of the work performed by the steam in the cylinder 
under different conditions of expansion, clearance, 
&e., is very clearly written, and the rules and 
formule are given in convenient forms, while several 
Tables are added which will materially reduce the 
labour of calculation. Curiousl enough, however, 
our author, when dealing with the influence of 
clearance, says nothing of the effects of compression 
in reducing the clearance losses, and, in we 
find no mention of compression until much further 
on in the volume, where a short Table of ‘‘ best 
‘¢ periods of compression” for different conditions is 
given, and where it is stated that “the method of 
“determining the best period of - ion will 
‘* bé given in the author’s work on The Steam Engine.” 
It is, we think, to be regretted that the subject of 
compression has not been dealt with in the volume 
before us. We may mention, by the way, that the 
diagram on permere te section devoted to ex- 
amining the influence of clearance, does not agree 
with text, the latter treating of a case in which the 
steam is cut off at. one-fourth the stroke, while the 
figures on the diagram refer toa cut-off at one-third 
the stroke. 

Passing on to the portion of Mr. Clark’s book 
dealing with compound engines we find the author 
discussing in considerable il the differences be- 
tween the action of the steam in engines of the 
Woolf and “ receiver” types, his explanations being 
clearly and concisely written. e learn from a 
foot-note that the investigations here given are 
quoted from the author’s work on The Steam Engine 
which is stated to be in } are. se ono This being so 
we prefer to defer any detailed examination of ‘Mr, 





Clark’s mode of treatment of questions connected 
with compound engines until his labours are before 
us ina complete form; but we may state that we 
cannot entirely agree with some of his deductions 
as given in the book now under notice. The prin- 
cipal fault we have to find, however, is not that the 
deductions are absolutely wrong in ee bat 
that they are-sometimes made to apply too y. 
To give an instance: Mr, Clark observes that in 
the receiver — the loss by ‘intermediate ex- 
**pansion,” or fall of pressure between the two cy- 
linders, is Sy pI small, and he goes on to 
state that a fall of the final pressure in the first 
cylinder by one-third its amount would only occa- 
sion a loss of 1 percent. But in reality the loss 
due to such a fall of pressure is not a constant one 
for all cases, as Mr. k’s remarks might lead his 
readers to suppose, but depends materially upon the 
relation between the te in first 
cylinder and the mean back pressure in the second 
cylinder, 

We notice, too, that Mr, Clark in his investiga- 
tions of the receiver engine assumes a uniform back 
pressure in the first cylinder during the exhaust 
tinder’ during th Seated t ndumsion, both, dn 

er e ° assump- 
tions which are incorrect, and which affect the dis- 
tribution of the power between the two cylinders. 
It aj , in fact, to have been ignored that in the 
receiver engine, during the period of admission to 
the second — ~ an expansion of the <2 ey 
consequent fall of pressure is going on in cy- 
linders and the receive The influence of size ut 
receiver is also not taken into account, but we trust 
to find this and some other matters fully dealt with 
in Mr. Clark’s work on The Steam Engine, the pub- 
ee of which will, we trust, not long be de- 

yed, 

An important section of Mr. Clark’s book is that 
in which he treats of the actual performance of 
steam engines, and deduces the steam consumption 
for different types of engines working under dif- 
ferent conditions. Here we again find that the author 
has collected and arranged a large variety of useful 
data derived from actual practice; but we regret 
to see that he has included amongst these data the de- 
ductions from the trials of the ‘‘ Great Britain” loco- 
motive in 1850, and has au pe as if they were 
not open to question. e had occasion to refer to 
these experiments in these columns some time ago, 
and we may repeat that the results recorded are such 
as cannot be accepted in the light of our present 
experience of steam engine working. Mr, Clark 
deduces from these experiments that a single cy- 
linder non-condensing engine with the cylinders 
not steam jacketted but heated (the “‘ heating” being 
such as they would obtain at the bottom of a smoke- 
box) will, when working with steam at a total 
initial pressure of 90 lb. per square inch (75 lb. 
above atmosphere), expanded three-fold, develop a 
horse power with a consumption of 21 lb. of steam 
per hour ; and when we have said this, we have, we 
think, said enough to condemn the trials. We are, 
in fact, unable to agree with many of Mr. Clark’s 
estimates of steam consumption as given by him for 
different of engine, and we trust that in a 
future edition of his work he may subject this por- 
tion to revision. In most cases the estimates of 
steam consumption as given appear to us too low 
for moderate-sized engines. ra 

The concluding sections of Mr. Clark’s work refer 
to the flow of air and gases, the work of dry air.or 
other gas compressed or air machinery 
(nclading fans, blowers, hot-air ¢ , &c,), the 

w of water, water wheels, h motors, and 


cussing these ps ban in il, 
they abound with valuable data, 
clearly of their respective subj ‘ 

We have now arrived at the end of our survey of 
conclude without 


Mr. Clark's work, and we cannot oe 
ressing Our warm ap industry 
apd ability “8 ed by its author. We have had 
to differ from 7 on certain points it is true ; 
but the only wonder is that in a work there 


and he has thus been enabled to embody in his 
volume a collection of data to mechanical 
engineering such as has certainly never before been 
brought together. This being so, the possession of 
the work will save many a weary search through the 
transactions of scientific. societies miscellaneous 


papers, and we in fact regard the beok as one which 


no mechanical engineer in regular practice can 
afford to be without, 


“POTENTIAL” ENERGY. 
By S. To.ver Preston. 

1. Tue tendency of scientific progress is to look 
to the existence o —— processes in all 
mena, and consequently theories which are in 
to supplant such processes do not meet with much 
encouragement. This is true of the theory of 
“action ata distance,” now abandoned bysomeof the 
foremost minds. When a stone is thrown 
into the air, we are led to look to some physi 
process, whereby the stone is brought to rest, If 
the of ‘action ata distance” (i.c., the theory 
of an action upon the stone without the interven- 
tion of matter) be abandoned, then it inevitably 
follows that the stone was brought ens the 
transference of its motion to external matter, for its 
motion cannot have been annihilated or ceased to 
exist’ spontaneously, Two assumptions are alone 
—— either the en of the stone, represented 

y its motion, was expended in overcoming ‘‘ attrac- 
tion” (as used in the sense of a supposed pulling 
power without the intervention of matter) ; or this 
energy was ex nicating motion to ex- 





ded in communi 
ternal matter (in some invisible form). The commu- 
nication of motion is the communication of kinetic 
energy. Hence, if the idea of ‘‘ attraction” (as used 
in the sense of an action at a distance independent of 
matter) be abandoned; then the energy of the stone 
must have been employed ingenerating /inetic energy. 
It is therefore not logical to assume (ey the aban- 
donment of the theory of action at a distance) that 
such an energy as ‘‘ potential” energy exists. Pro- 
fessors Tait and our Stewart in their recent 
work (‘The Unseen Universe,” page 109), say: 
‘‘Of course the assumption of ‘action at a dis- 
tance’ may be made to account for anything; but 
it is impossible (as Newton long ago pointed out in 
his celebrated letters to Bentley) for any one who 


has in philosophical matters a competent faculty of 
thinking for a moment to admit’ possibility of 
such action.” Again at 110: ‘If Le "s 


theory or anything of a nature be at a 
representation of the mechanism of gravitation, a 
fatal blow is dealt to the idea of a tranquil form of 
power we have called ‘ potential’ energy. Not that 
there will cease to be a profound difference between 
it and ordinary kinetic ; but that doth will 
henceforth require to be ‘as kinetic.” 

9. If, therefore, the theory of ‘ action at a dis- 
tance” be thus widely di , there does seem 
to be some inconsistency in the extensive and com- 
mon use of the term “ potential” energy. This 
term involves the existence of /wo kinds of energy 
(** potential” and “ kinetic”), that energy can 
have, as it were, a double nature, an assumption 
which surely in itself is sufficiently questionable.* 
We can realise clearly energy in the form of matter 
in motion ; what conception, on the other hand, 
can we form of an energy without motion, and if 
not, what right, or rather what power, have we to 
put forward the assumption of its existence? Is it 
not rather more logical to assume that the a t 
disappearance of motion in certain cases lies 
absence of means to analyse the case or ignorance of 

hysical causation, than to assume that the motion 
bos been annihilated, or has assumed some myste 
rious form of which no clear conception is possible 
It should be observed that a grand principle lies 
volved in this question. If we reject the 
“ potential” energy (as we are bound to do 
reject the theory of ‘‘ action at a distance”), then i 
follows that motion is indestructible, for that motion 
should cease spontaneously, or be generated 


* To suppose that energy can assume two forms essen- 


i i t, duplex character, cannot 
a ticrirne Rogurdod tknn as comparable to" the 
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to have any of it at all, lhe amen ge A 
tion of ‘ potential’ of 

| Sonek ee prefix ‘* io” 
been 
would never have been uired. It would have been 
simply sufficiént to have the term “ energy,” for any 
pret implies, that Sg may ad 
+ may be observed that Sir John chel, in his well. 
known essay, ‘‘ On the Force. po- 


cannot 





Origin of ? , 
tential energy in the terms—‘‘ a phrase which I 
help regarding as unfortunate.” 
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neously, is a violation of the fundamental axiom that FRENCH TORPEDO EXPERIMENTS. 


an effect cannot take place without a cause, or of 
the fundamental quality of the inertia of matter. 
Thus if we reject the assumption of ‘ potential” 
energy, or the assumption of the existence of an 
energy which is not kinetic, then the great principle 


of the indestructibility of motion inevitably presents INSEARGK QVQL « \\ 
iteelf for acceptance. All physical phenomena come Wa WAS As 
\ 





thus to be fundamentally correlated as phenomena AN \\ 
of motion, or motiom becomes the fundamental ~~ AC) 
groundwork underlying all phenomena. This : \ YAY 
principle is grand from its simplicity. Simplicity is ; ACS | QQ \ 
admitted to be the necessary accompaniment to RW MG 2a 
order, and phenomena of great diversity are best VX A \ \ 
derived from a simple basis or groundwork, just as : if LY \\ 
the simplest possible mechanism is best adapted to i  \ \\\ ; 
produce precise and complex effects. : 4 pwd \ \\\ 
8. It is sometimes argued that because the position SSS \ ———— 
of a raised weight (at a distance from the earth) } SSRs ~“ i Ml 
allows energy to be transferred to it, or the weight SWS aan 4 i iM iu 
can fall, that therefore it may be said to have =a aan y 
“ potential” energy, and that yap ory of an SS nin if || 
theory as to where the energy is derived at its fall. wae 7 , ) nil 
This is clearly erroneous. For since by the rejec- di 
tion of the theo of “action at a distance,” 
the energy ——— in raising the weight was 
necessarily employed in generating ‘inefic energy, it 
cannot have been employed in generating ‘‘ poten- 
tial” energy (i ¢., an energy which is nof kinetic) as 
well, for a double equivalent of energy cannot be 
generated. This appears to be rather a common | 
error, and therefore it may be as well to point it out. | 
It may be observed that the general conclusion that 
the work done in raising the weight consists in the dl 
communication of motion to matter, follows inevi- i) ) 5 aa 
tably on the abandonment of the theory of “ action 
at a distance,” entirely independently of all question | 
as to the process involved, ‘The process involved or 
recise mode of action may properly form a subject 
or future investigation. The fact of the transference 
of the motion to matter is the legitimate and logical 
deduction from the principle of Conservation, and 
this principle would be of little use unless we could | 
apply it to such a case as this; for evidently the 
necessary preliminary towards the investigation of 
the process of transference of the motion is the 
revious recognition of the fact of =H 


\) h 
a) | eam am 

\ I il ier 
\ Ut 





é motion must have been either transferred or 
annihilated, and for motion to be annihilated, or to 
go out of existence spontaneously, is contrary to 

@ principle of conservation and to the accepted 
axiom that an effect cannot take place without a 
cause. 

4. It is evident that by the rejection of the theo 
of “action at a distance,” every case of the approac 
or tendency to approach of masses and molecules of 
matter can in principle be solely referred to the im- 
pulsive action of external matter, or of the particles 
of a medium, producing an excess of pressure upon 
the remote sides of the molecules or masses, this 
holding true whether the tendency of two molecules 
to approach one another be due to a motion of the 
molecules themselves (producing a disturbance of 
the equilibrium of pressure of the medium between 
them), or toa motion of the medium itself in the 
form of streams or currents acting upon the mole- 
cules, as in accordance with the gravitation theory of 
Le Sage. 

5. Let us suppose a disc suspended so as to move 
freely in a horizontal line, and which tends to 
— another disc opposed to it, under the action 
of an invisible jet of air which impinges continually 
against the remote side of the movable disc. Then ' 
the one disc tending to approach the other without | 
ne Shag agency, would present the appearance of | 

g ‘‘attracted” to the opposite disc. Let us| 
suppose further that a sudden impulse is given to 
the movable disc so as to give it a certain initial 
velocity which carries it away from the opposite disc 
which it tends to approach. en the dise which has | 
received the impulse will gradually los: its motion, 
finally stop, and then recoil with freshly acquired 
en towards the opposite disc. Supposing, there- | 
fore, the physical conditions to be here unknown, | 
then this case precisely represents the appearances | 
of a case to which the allied theories of “action at | 
a distance” and “ potential” energy are applied. | 
When the disc recedes, it loses its motion by trans- 
ferring that motion to the invisible molecules of the | 
air jet. Conversely when the disc recoils or re-| 
turps by the same path, it acquires motion by| [Mi 
transference of motion from the molecules of the air | ‘WHM/NIIIN 
jet to it. If therefore (supposing the physical con- | motion lost by the receding disc was not necessarily | and that this form of energy which is zof motion, 
ditions to be unknown) we were to epRly the same | transferred to matter, but that this motion took up | was reconverted into motion at the recoil of the 
reasoning here, the infcrence woul that the ‘a different form (‘ potential” energy so termed), | disc. If, now, in a case where the physical condi- 
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tions are recognised, the above theory appear un- 
tenable and even absurd, then as a point of prin- 
ciple it can be none the less so in a case where the 
physical conditions are not recognised. An earnest 
protest ought to be entered at the present time 
against the theory as opposed to logical reasoning, 
and it ought not to be necessary to wait until at 
some future time the process is discovered before 
the untenable character of the theory is recognised. 
The use of our reasoning powers is to predict the 
existence of a physical process, the use of investi- 
gation is to discover its nature, and the recognition 
of its existence is the first step towards searching 
after its nature. It would surely be arrogant 
to assume that our powers of investigation are 
so complete as in every case to be able to 
trace a motion, and experimentally prove its 
existence, and therefore it would be arrogance to 
assume that the motion has ceased to exist or can 
have assumed a different form (‘‘ potential” energy), 


i.e., has ceased to exist as kinetic energy, simply | H 


because we are unable experimentally to trace it. 

6. Again, the assumption (before referred to) 
that one occasionally meets with, viz., that a raised 
weight has “‘ potential” energy, because its position 
(at a distance from the earth) allows it to approach 
the earth, is exactly comparable to the assumption 
that the disc in the above illustrative case (after 
receding) has ‘ potential” energy, because its 
position allows it to approach ‘the opposite disc, or 
that a ship has ‘ potential” energy when blown 
against a rock, because its previous position at a 
distance from the rock, allows it to approach the 
rock, This would be evidently parallel reasoning, if 
it were legitimate to say that a body (such as a 
raised weight) had ‘ potential” energy, simply 
because its position allowed motion to be transferred 
to it. Theraised weight simply represents a case of 
equilibrium, which may be rendered unstable or 
stable at will. 

7. We bring forward the above arguments against 
the theory of the existence of an energy which is 
not kinetic in the true interests of progress, for 
clearly the aim ought to be to encourage the in- 
vestigation of natural processes, and to direct as 
much as possible the attemtion to tracing those 
motions which apparently disappear, not to put 
forward a theory which by assuming that the 
motions have ceased to exist (i.e. have ceased to be 
kinetic) tends to interfere with progress, and to 
prevent that clearness of conception which is the 
essential characteristic of truth. 

There are signs not wanting that to regard energy 
as having but ove character, and all physical phe- 
nomena as phenomena of motion, together with the 
acceptance of the great principle of the indestructi- 
bility of motion is the goal towards which modern 
science is tending, 








THE LIVERPOOL SHOW. 

WE this week resume our notice of those exhibits 
at the Royal Agricultural Society’s Show at Liver- 
pool, which want of space prevented us from in- 
cluding in the article in our last issue. 

IMPLEMENTS OF TILLAGE. 

Among the implements of tillage a sufficient 
number of novelties was not exhibited to justify 
description in separate groups. We may, there- 
fore, take them together under one general heading. 

Messrs. J. and F. Howard, of Bedford, made a 
very fine exhibit of ploughs, and showed among 
them two or three new details, The first of 
these was an implement that could be used at plea- 
sure as a single or double furrow plough. The 
framing is light and very strong, and steel is 
a material largely used in its construction. ‘The 
frame is double, the bars of which it is 
made being placed parallel to each other, and 
about 2in. apart, with cast-iron distance pieces 
between. One wheel of this plough is carried on a 
bracket attached to the frame, the other is on a 
similar bracket but mounted on the end of a bar 
rectangular in section, with the sides rounded. 
This bar passes through a slot in each of the parallel 
bars forming the main frame. For converting this 
into a double-furrow plough, a separate piece is 
provided, consisting of a bar of similar section to 
the frames, and carrying a second share, while to it 
are also attached some bolts with screwed ends, and 
a bar of similar section to that above described for 
carrying the wheel is also fastened to it. The 
forward end of the main bar is bent back, and two 
slots are formed in it. When it is desired to add 
this piece to the plough, some of the bolts in the frame 





are slackened, the bar ing the wheel is removed, 
and the bar with the second attached is added, 
the bolts passing through the holes in the frame, 
while the bar goes through the slots that had 
before taken the wheel attachment, The latter 
is through the slots in the turned back 
end of the auxiliary bar, and is also secured. 
The fastening bolts pass through the cast-iron dis- 
tance pieces between the two bars of the frame, and 
are formed with tapered heads, so that in drawing 
them up by the nuts they lock the new attachment 
and hold it fast. 

The heavy four-furrow plough for horses or steam 

is a form now largely made by the makers for French 
farmers. It is in fact one half of Messrs. Howard’s 
reversible four-furrow steam plough, framed perhaps 
somewhat lighter, and modified in a few minor 
details. A similar implement for three furrows was 
also shown, 
The plough exhibit of Messrs, Ransomes, Sims, and 
ead was perhaps the best displayed on the ground, 
but there were very few new features to record. 
We notice, however, that these makers add an index 
on their ploughs on the frame, and against each share, 
for the purpose of regulating the latter exactly. 
The angle is easily set by means of adjusting bolts. 

Their method of ting the depth is also very 
good, and consists of a lever working ona graduated 
quadrant, and which can be locked at any desired 
point. This adjustment is of course much finer 
than can be obtained with a toothed quadrant. 

The ploughs shown by Messrs. Davey, Sleep, and 


Fig. 1. 
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same purpose, Finally we may mention the lar 
tate digger exhibited by Messrs, Penney and On, 


incoln, in which — rotating forks unearth 
roots, and throw them against a wooden screen, 
through which the soil A cng while the 
sore seinen tel agemeanee 
several modifications and improvements since it was 
last exhibited. Poke 
DRILxs. 


A large collection of seed drills and broadcasts 
was exhibited, and a few of these im te call 
for special notice, Messrs, Kell, Meats, and Co., 
of Gloucester, showed several drills, in which one 
lever served the double p of throwing the 
machine out of and of lifting the coulters out 
of the ground. The latter are fitted with reversible 
steel shoes, which cut easily into the ground, and 
open up a wide bed in the soil. These shoes are 
easily attached or taken off, so that in the event of 
one end breaking while at work no delay is necessar 
beyond that required for turning the shoe, In 
implement weights are dis with in general 
work, though they are provided for drilling over 
very hard ground. The levers are all of steel, by 
which considerable lightness is secured, and at the 
same time an amount of elasticity which allows the 
levers to spring on framing over any obstruction. 
These drills are arran, yor Mi geo igh ig 
Sons’ drills one lever also 

of throwing the im 

raising the coulters. e 


drilling clover, rape, or other small seed. 
Messrs, Preece and 
answer the double p 

ment out of gear an 
































Messrs. BurGEss AND CoMPANY’s REAPING MACHINE. 


Co., of Cornwall, were heavy, but well made and 
adapted for their work. Their right and left-hand 
reversible ploughs with rollers added for compress- 
ing the furrows are well spoken of as doing their work 
effectually, and saving the use of an independent 
implement, 

n harrows, Mr, Ch, Clay, of Walton, showed 
some serviceable implements on wheels with rigid 
frames, carrying chisel-pointed teeth, the pitch of 
which can be varied at pleasure, and which can be 
renewed with little trouble and delay. Messrs. 
Craig and Clark, of Old Meldrum, Scotland, are new 
at the Royal Agricultural Society’s Show. They 
had two or three novelties in design in the form of 
cultivators, in which the tines are set in a circular 
frame that can be turned round so as to alter the 
pitch of the blades, the latter moving on their own 
centres so as to present always the same angle to the 
work, In a smaller implement by the same 
makers, th» tines are set on a radial frame. 
They also exhibited a machine for topping and 
tailing turnips, which, though not an imple- 
ment of tillage, may be mentioned here. he 
tops of the a are cut off by four rapidly re- 
volving knives driven by gearing from the main 
wheels, and are followed by ashare that unearths and 
cuts off the bottom of the roots. Mr. Hunter, of 
Maybole, showed an implement for a similar 
purpose, in which two converging saws driven with 
a rapid reciprocating motion are employed for the 





latter are arranged in two groups, the intermediate 
coulters being removable at will, or the whole may 
be removed and replaced by rollers, 


, HAYMAKING MACHINES. 

A very neat detail is seen in the haymaking 
machine exhibited by Messrs, Ransome, Sims, 
and Head, for throwing the implement into back- 
ward and forward gear, or out of action, On 
top of the box enclosing the gear, a flat surface is 
formed with two grooves, one on the upper and the 
other on the lower side. In these grooves slide two 
plates, provided with a hook at one end for con- 
venience of sliding them to and fro. One plate 
controis the forward and the other the backward 
motion of the implement, and whichever action is 
desired is obtained by moving the plate in its 


groove, 

The plate is locked by a very simple arrange- 
ment, A groove at right angles to those in which 
the plate slides, is formed in the top surface of the 
box, and in this is placed a plate acting as a bolt, 
and of such a length that when at either end of its 
path it engages in a notch formed in each of the 
gear control plates, and holds it fast. If it be de- 
sired to throw the gearing out of action, the lockin 
bolt is placed in a ceutral position, and enters 
notches in the control plates, to half their le 
This mechanism is closed in with a cover sl to 
receive the pin by which the locking bolt is moved, 
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and also for oiling. Beyond this detail, the hay- 
makers shown by Messrs. Ransomes and Sims re- 
quire no description, as were of the usual 
type made by this firm, and showed their ordinary 
high stan of workmanship and finish. 

ler’s haymaking machine exhibited by Messrs. 
Ruston, Proctor, and Co., of Lincoln, is a very dif- 
ferent implement to the crudely designed contrivance 
shown, for the first time we believe, at the Taunton 
Show. Itisa cuanay built carriage, on which is 
mounted the framing for the endless belt and travel- 
ling tines which carry the hay to the desired height 
before dropping it into the cart. The belt or apron 
is about 4 ft. 6 in. wide, and the delivery path is 
some 18 ft. long, the top being 12 ft. above the 
ground. This belt travels over a series of rollers, 
and at intervals are placed rows of tines, extending 
for the whole width of the belt, which lift the hay 
from the ground, to which level the lower part of 
the apron descends, and carry it up to the highest 
point. The motion is of course obtained through 
gearing driven by the main wheels. 

The implement is drawn by two horses which are 
harnessed each to a pole at the sides of the carriage, 
so that they are faced far enough not to 
trample down the om which has to be lifted by the 
The latter can either deliver into a cart, 


ne, 
laced under the point of delivery, or the hay may 
be allowed to fall down again to the ground. The 


implement, vow that it is well and strongly made, 
looks of necessity a heavy aud cumbrous contri- 
vance for effecting the same purpose as the lighter 
and more compact haymakers of the ordinary type, 
but it is claimed that several great advantages are 
combined in the heavierimplement. It is maintained 
that more work can be performed by it with the 
same expenditure of labour, that the - ! in being 
slowly drawn over the long path formed by the belt 
is better dried, a process carried further when the 
hay is allowed to drop from the top through the air 
to the ground, as is done when the collecting cart 
is not carried behind the implement ; and it is also 
claimed that the seeds, &c., are not beaten out of 
the grass, as they are by the rapid revolving motion 
of the ordinary type of haymakers. 

A second machine of this kind was also shown by 
Mr. Loader, of Shepton Mallet. 

Besides this and the details in the haymaker of 
Messrs. Ransomes, Sims, and Head, above described, 
we noticed nothing in this class of implements call- 
ing for attention, At the same time it must be 
mentioned that all the leading makers of these ma- 
chines, as well as many others less known, ex- 
hibited them, and that in nearly all cases the work- 
manship was worthy of commendation. 


Ilorse Rakes, 


In horse rakes, as in most other implements, there 
were for the most part only slight modifications in 
detail. One of the most important of these 
perhaps is that made by Messrs. Howard and Co., 
of Bedford. This consists in placing the lifting 
strap, which forms a well-known feature in their 
rakes, into direct connexion with the shaft on which 
the teeth are threaded, thus doing away with the 
lifting bar and its accessories, This arrangement 
is one of much merit, 

Messrs. Ransomes, Sims, and Head, of Ipswich, 
exhibited a fine specimen of a horse rake which was 
of unusual size and strength, and having 5 ft. 6 in. 
travelling wheels. In other respects this implement 
embodied no departure from the usual good design 
and manufacture of this firm. The horse rakes of 
Messrs. Tooley and Co., of Dunstable, have a very 
simple arrangement for emptying the load, the driver 
having merely to touch a sliding bolt with his foot, 
which passes into a clutch on the travelling wheel, 
and as the horse moves forward pulls over the teeth. 
When the teeth have reached the required height a 

rojecting iron finger engages with the bolt and with- 
ot it from the clutch, causing the teeth to fall into 
position for the next lift, A lever is attached behind 
the machine, so that the attendant can also deliver 
the load when walking. Messrs. A. Field and Co., 
of 17, Goree Piazzas, Liverpool, exhibited a new 
arrangement of the Taylor horse rake, in which they 
have diminished the number of the teeth from 25 to 
20, and the width from 9ft. to 7ft. The object 
was to produce a machine for use where narrow 
lanes had to be traversed, and in which they have 
succeeded. The Albion Iron Works Company, of 
Rugeley, Staffordshire, had a good show of their 
* National” horse rakes. ‘These implements have 
an arrangement of rack and segment levers for 
elevating the teeth to empty the load, which opera- 


tion is performed with but a small expenditure of 
power. The pitch of the teeth is regulated by anew 
method, consisting of a screw arrangement with 
locking handle, and which can be adjusted while 
working to suit the requirements of the crop. The 
tines are lifted for travelling roads or turning head- 
lands by a simple spring and catch arrangement. 
In the horse rake of Messrs, Picksley, Sims, and Co., 
of Leigh, Lancashire, the seat is wn well back 
and connected with the tine shaft, so that the weight 
of the driver assists the leverage, and is utilised in 
emptying the load. The teeth are quickly raised or 
lowered, according to the requirements of the 
und, by an arrangement of shifting bolts. 
essrs, W. N. Nicholson and Son, of Newark-on- 
Trent, have brought out an enlarged form of horse 
rake with 54-in. travelling wheels, the ——, of 
the teeth being proportionately increased. The teeth 
are carried over the axle, and not under it, and full 
advantage is thus taken of the height of the axle 
from the ground. ‘The horse rake of Messrs. KE. 
Page and Co., of Bedford, is of their ordinary 
pattern, but has the driver’s seat placed behind the 
machine. By this means the implement is in better 
balance, and the driver sees what he is doing, his 
work being all in front of him. 


REAPING MACHINES, 

Messrs. Burgess and Co., of Brentwood, exhibited 
some ingenious and well-designed details in their 
reaping machines, which are shown in Figs, 1 to 4 
(see page 45, and presentpage.) The object is to retain 
the advantages arising from the use of balanced rigid 
rakes, and also to enable the driver, without leaving 
his seat, to make any desired combination of rakes 
and beaters, or when necessary to throw all the 
rakes clear of the platform. To effect this an oscil- 
lating cam is introduced in addition to the fixed 
cam upon which the arms of the rakes rest. 
Motion is given to this moving cam by a rod actu- 
ated by other cams from the main axis. One of 
these cums is used for causing every second rake to 
deliver, another for every third, a third for every 
fourth rake, and soon. In the drawings, Fig. 1 is 
a front view of the mechanism, Fig. 2 a alin, Vig 3 
is a side view, and Fig. 4 an enlargement of a por- 
tion of Fig. 3. On the rake axis A, two iron arms 
B are pivotted; these are provided at each end 
with sockets B!, into which the ends of the rake 
arms are fixed. The rake axis is on the outer side 
of the main driving wheel X. Friction rollers B? 
bear on the fixed supporting cam C, attached to 
the frame of the machine, but instead of this cam 
being of such a shape that the friction rollers of both 
the opposite rake arms are always resting on it, it is 
formed so as to support the arm only at the moment 
when one of them is ape over the platform, the 
opposite arm being then supported by the movable 
supporting cam D which lies around the cam C, and 
turns on projecting pins C!. When it is desired to 
use a rake for delivering, the side of the movable 
supporting cam next the platform is lowered, and 
the opposite side is raised, so that the arm of the 
rake sweeping over the platform is supported by the 
fixed cam and the opposite arm by the movable cam. 
On the other hand, when it is desired to use the 
rake as a beater, that part of the movable cam near 
the platform is raised carrying the rake arm, while 
the opposite one rests on the fixed cam. , 

A rod Eis jointed to the cam C, which at its lower 
end is coupled to a crank-pin F! ona disc F. (See 
the enlarged detail Fig. 4.) This disc runs in bear- 








ings on the frame of the machine, and on its axisis a 
pinion G gearing into the toothed arc H carried on 
a swing frame, and turning on the axis I. A spiral 
spring J acting on a rod tends always to force the arc 
upwards, and passing through the swing frame is a 
bush K, in which is a pin K', carrying on the upper end 
a disc L, which is always in contact with one or other 
of the cams M, M', M? on the shaft A, and held 
against them by the action of the spring J. The 
lever N worked by the driver raises or lowers the 








wheel L; the hand lever controlling this motion 


works in notches corresponding to the various cams. 
As the cam causes the disc L to revolve, and forces 
the swing frame to rise and fall, the pinion G is also 
caused to move somewhat more than half a turn. 
When the disc L is at the point nearest to the rake 
axis, that part of the movable cam to which the 
erank-pin is connected by the link E is raised above 
the fixed cam, and the rake arms will bear upon it. 
When in this position a pin F? projecting from the 
disc F comes against a stop, and prevents further 
motion, and as the crank has then turned past its 
centre, any downward pressure on the cam tends to 
press the pin harder inst the stop. The two 
upper cams M M! are keyed to the rake shaft ; 
the cam M? is free, but has attached to it a toothed 
wheel M*, which by the wheels Q Q', Fig. 2, gear 
into the wheel R, fixed on the shaft. This gearing 
is so proportioned that the cam makes a complete 
revolution, while the rake shaft makes three- 
quarters of a revolution. This cam is formed withone 
recess, and causes every third rake to deliver, The 
cam M is formed with two recesses, and causes every 
second rake to deliver, and M! has one recess and 
causes every fourth rake to deliver. By lowering 
the disc L out of gear with all the cams, all rakes 
are caused to deliver, or the swing frames may be 
locked, so that none of them deliver. In a small 
reaping machine exhibited by Messrs. Burgess, the 
gearing M*, Q, is omitted, and the motion of the 
rakes is regulated by hand. 

The reapers shown by Messrs. J. and F. Howard 
deserved a special notice for the excellence of their 
workmanship and lightness of the various parts, all 
castings being of steel. The Beverley Iron and Wagon 
Company showed several machines of their ordinary 
pattern, including their so-called self-acting and 
reversible swathe delivering machine, in which the 
horses push the reaper before them. In the front of 
the machine is a wide inclined table over which 
several endless bands of rubber travel, carrying the 
grain as it iscut by the knives in front of the ma- 
chine, and delivering it on one side. A large 
revolving flyer gathers the grain on to the table. 
By reversing the somewhat complicated gearing the 
machine can be made to deliver on either side. 
Almost all the English makers of reapers were 
largely represented by exhibits of ordinary types, 
especially Messrs. Hornsby and Co., who had 
an unusually large display of their implements 
which obtained so many distinctions at the ‘Taunton 
Show, and Messrs, Harrison, Macgregor, and Co., 
who on the same dccasion made so close a com- 
petition with the first-named makers. Mowing 
machines were also very numerously represented, 
but these exhibits call for no special notice. 

There was perhaps a larger collection than usual 
of American reapers and mowers, many of which 
were shown by the makers themselves, but more by 
various agents of the different manufacturers. We 
may especially mention the exhibits of Messrs. 
Walter A. Wood and Messrs. W. Anson Wood. 
The machines of the former maker are remarkable 
for the simplicity of their design, which is appa- 
rently worked down to the most elemen orm 
consistent with efficiency. We shall shortly publish 
drawings and a detailed description of this reaper, 
meantime we may mention that the cam path is in 
the top plate of the machine, and that the switch 
for controlling the number of rakes and is 
controlled by a lever, which is thrown in and out of 
gear according to the set of the rakes. This lever 
is hinged on top of the crown plate, while one end 
of it overhangs and extends downwards for a short 
distance, this end being weighted so as to release 
the switch by its own gravity. To the other end 
is attached a wire passing through the centre of 
the crown plate to the lever worked by the driver 
from the seat. At the inner end of each rake 
near the poiat of attachment to the frame is a 
short radius bar with a slotted link at one end, 
which can be raised or lowered by easing a nut 
by which it is fastened. If it be lowered, the 
end of the link —~ clear of the projecting end 
of the weighted lever, and the rake sweeps round 
over the platform, but if it be raised, the lever is 
thrown up, the switch is opened, and the rake is 
converted into a beater. The machine is set as 
desired before entering the field, but it is in the 

wer of the driver to actuate the switch by the 
and lever, so that any number of the rakes can 
be made to act as a beater. The rea of 
Messrs, W. Anson Wood were of their usual 
type, with two or three new minor details, anc! of 
their usual good workmanship. The chief altera- 





tion consists in the addition of a bracket to each 
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rake, containing a sliding bolt that can be set 
before entering the field. According to the tion 
of these bolts they bear on or run clear of a cami 
path, and act as rakes or beaters. The action is, 
however, under the control of the driver, On 
page 24 of our twentieth volume, we published de. 
tailed drawings and descriptions of this machine, 
to which we refer our readers. 


SHeEAF-Brnpinc MACHINES. 


A machine for binding the corn into sheaves as it 
is delivered by the reaper has long been a deside- 
ratum, Machines for this purpose have been used 
for some little time in America, But they have 
hitherto bound the sheaves with wire, which is an 
objectionable material in England both as regards 
risk of accidents in the thrashing machines‘and to 
the cattle. Now, however, we have two machines 
which bind the sheaves up with string, which is a 
very important step in the right direction. But there 
is yet another point in connexion with string which 
is of no less importance, and that is the way in 
which it is secured. In one of the two machines to 
which we have referred the ends of the string are 
twisted, in the same way as are the ends of the wire 
bands in theother machines, But beyond this the 
twisted ends are tucked in under the band. Now this 
makes a good fastening so long as the ends are not 
pulled out; to this they are certainly liable, and 
when displaced the sheaf very easily comes apart, 
Not so in the case of the second string machine, 
which is perfection as far the results go, for it ab- 
solutely ties a double-reef knot as perfectly as 
can be done by hand. It was anticipated that this 
class of machines would form a very important feature 
in the Liverpool Show. To a considerable extent 
they do; but inasmuch as out of the eight entries, 
three makers have failed from unreadiness to put in 
an appearance, the interest in this direction was 
somewhat curtailed. Some of those makers who 
have failed to exhibit are endeavouring to form 
their bands of straw taken from the crop as it falls. 
The success of any arrangement of this kind would 
indeed be a great triumph in this direction. 

We will first refer to the sheaf-binding ma- 
chines using wire, and in all cases our description 
must necessarily be brief, as we have no space at 
command to permit us to encumber our present 
notice with details. Mr. Walter A. Wood, of Wor- 
ship-street, London, has a harvester and binder in 
which the corn is carried by an endless web travel- 
ling over the delivery platform to elevators. By 
these latter the corn is guided and delivered into a 
holder until there is sufficient for a sheaf. A curved 
binding arm carrying the shuttle is then brought 
over the corn and encircles it, a gripping arm being 
brought up under the sheaf to hold it firm. The 
twist is then formed in the wire and the binding arm 
completes its revolution and casts the sheaf out to 
the side of the machine. In the harvester and sheaf- 
binder of Mr. Cyrus H. McCormick, of Chicago, 
and 142, Queen Victoria-street, London, the corn 
is passed up between a pair of endless revolving 
canvas bands, forming an elevator, to a platform, 
where it is gripped by a binding lever which ad- 
vances forwards and encircles the sheaf with wire. 
The binding lever is then lowered until the wire 
engages with the twisting mechanism under the 
platform ; it then returns with the sheaf, which it 
delivers on to the land, and then proceeds to form 
another. A reciprocating motion is given to the 
whole of the binding mechanism, In the harvester 
and automatic self-binder of Messrs. D. M. Osborne 
and Co., of St. Anne-street, Liverpool, the cut 

. grain falls upon an endless apron on the platform 
and is passed up between two endless webs to the 
binding platform. The needle arm of this binding 
apparatus has a universal joint and is to the 
left and comes down over the sheaf. The wire is 
carried round the sheaf, cut off and twisted by an 
arrangement under the sheaf platform, and the sheaf 
is then delivered on to the field. By means of a 
-_ treadle, the driver can regulate the size of the 
sheaf, : 

The first of the string machines for notice is that 
of Mr. H. J. H. King, of Newmarket, Stroud, 
Gloucester. In this sheaf-binder the corn is fed 
on toa lifting platform by reciprocating rakes. By 
the platform it is raised toacompressor, The — 
is brought up{with the platform and passed roun 
the sheaf. ‘The ends are then cut and twisted, and 
the twisted ends are turned under the band. As we 
have already observed, this fastening holds well so 
long as the sheaf is not greatly disturbed. The 
second and far more perfect string machine is the 


sheaf-binder of Mr. M. T. Neale, of 22, Buckingham. 
street, Adelphi, London. In this machine the corn/ 
is swept by a brush from the delivery platform of 
the reaper on to a second or binding platform. A 
hooked rake on the second platform gathers and 
compresses the corn into a bundle between two 
curved guides. The string is passed round the 
sheaf by an arm, and two loops are formed, by 
means of loopers, in the intermediate portion of the 
string. The free end of the string is then drawn 
through a tube upon which the loops have been de- 
peated. and a sliding plate or pusher forces the two 
oops off the tube on to the string. A tension bar 
then pulls the loops tight, and the string is again 
gripped by pincers, and at the same time it is cut 
just above the double- reef knot which has thus most 
ingeniously been formed. The hooked rake now 
recedes with the sheaf and deposits it on the ground. 
By means of a screw and handwheel the tying 
apparatus can be moved backwards and forwards on 
the main framing so that corn of any length can be 
tied in any position. In this machine some of the 
details are a little more complicated than they need 
be, as stated by the inventor himself. But this is 
the first machine, and these defects can and will be 
easily remedied in succeeding machines, All these 
implements are entered for trial, and when harvest 
time comes and the trials take place we shall have 
something to say as to the results, 


THRASHING MACHINES, 


The thrashing machines exhibited, showed as a 
rule only some very small modifications in trifling 
detail, the majority of makers having apparently, 
for the present at all events, no intention of depart- 
ing from the standard types they have respectively 
adopted. Messrs. Clayton and Shuttleworth ex- 
hibited a new and very efficientdrum-guard, in which 
the shield over the drum is connected by levers to a 
shelf extending across the well in front of the man 
at work. Any slight pressure on this shelf is suf- 
ficient to throw over the drum shield and close the 
opening, and it would appear impossible for any one 
to fall over the drum without doing this. This 
same machine has attached to it a chaff-cutting 
apparatus, into which the straw is fed as it comes 
from the shakers by a man standing at the tail of 
the’ machine, A safet perry is provided to 
release the attendant’s hand should it be caught in 
the chaff-cutter. Messrs, Garrett and Co, exhibited 
a machine fitted with a straw-bruising drum, and 
bearing the name of an Italian inventor and pa- 
tentee. We failed to discover the difference be- 
tween this arrangement and the well-known one of 
Messrs. Ransomes, Sims, and Head. 


MISCELLANEOUS EXHIBITS, 

Our list of miscellaneous exhibits will be long 
and varied, and will necessarily comprise a number 
of machines which, either on account of the small 
number of each kind, or the want of importance, do 
not admit of being classified in groups. Amongst 
these we should first mention the Leffell double- 
turbine water wheel, exhibited by Messrs. T. 
McKenzie and Sons, of Victoria Quay, Dublin. One 
of the main features in this turbine is its double 
character; there is in its combination two inde- 
pendent sets and kinds of buckets, one a vertical 
the other a central discharge, each entirely different 
in its principle of action on the water, yet each 
wheel or series of buckets receiving its water at the 
same time through the same set of guides. But the 
water only does service once, since half passes 
through one wheel and half through the other, the 
water in both cases leaving the buckets at the same 
time and as freely as possible, Although it is a 
double wheel, it is nevertheless in one casting, this 
arrangement allowing the greatest quantity of water 
to pass through the buckets consistent with its 
economical use. There are twelve guides or gates 
to each size wheel, all capable of being closed or 
opened simultaneously through the medium of 
a quadrant and pinion. One advantageous result of 
the double character of the turbine, is that the toe 
or footstep (which is made of lignum vite) hardly 
ever needs replacing through wear, some of these 
wheels having run for eight or nine years in constant 
work without requiring any renewal, The gates or 
guides are easily cl or opened, and can be placed 
at 4, 4, 4, 4, or any position to suit the quantity of 
water obtainable, this being a great advantage where 
the water varies, The whole arrangement is very 
simple, and the forms given to the different parts 
are such as to give the greatest strength with least 
chance of failure in any particular. Mr. Charles L. 





Hett, of Brigg, had a good show of his useful 


hydraulic rams of various sizes, In manufacturing 
these rams, Mr. Hett works Aare so that all 
the parts are interchangeable. ey are 80 de- 
signed that they can be taken to pieces without dis- 
connecting the pipes. In the centrifugal pump by the 
same exhibitor the side can be removed without dis- 
turbing the pipes; the joint is well arranged, being 
all in one plane. Messrs. W. and F. Richmond, of 
Colne, Lancashire, exhibited some of their improved 
chain pumps, in which the working barrel is of 
wrought iron, thereby rendering them less liable to 
serious * d in rough usage, whilst their 
weight is reduced and their portability increased. 
Messrs, Le Grand and Sutcliff, of Bunhill-row, Lon- 
don, showed in their collection of Abyssinian tube 
wells, a neatly designed pump for use in connexion 
with that invention. In water filters we have first 
a new self-acting cistern filter for use in works by 
Mr. G. Cheavin, of Boston, Lincolnshire. The 
filter is filled with charcoal, and the bottom, which 
is perforated for the upward flow of the water, is 
removable for cleaning the filter. At the top isa 
regulating valve mounted on the supply pipe for the 
purpose of reducing or increasing the supply as 
ne Messrs. Slack and Brownlow, of Hulme, 
Manchester, exhibited a compressed charcoal filter, 
which is connected with the main supply pipe, and 


affords a constant supply of filtered water. The 
water enters at the top, downwards through 
a packing of compressed al in pieces, then up- 
wards through some of the same material, which is 


inside a glass cylinder, and finally through a block 
of compressed charcoal to the exit, thus practically 
undergoing three filterings, 

Messrs. Henry Pooley and Son, of Liverpool, 
exhibited a good selection of their excellent weighing 
machines. One of their specialties is a self-con- 
tained railway weighbridge, in which a new feature 
is the introduction of a steelyard, by which means 
the use of loose “weights is yaar le § with, and the 
exact weight of the load is exhibited at a glance. 
There is also a new appliance for maintaining the 
horizontal position of the steelyard during the time 
the machine is being thrown into and out of gear, 
and by which means the unnecessary wear of centres 
is avoided. These makers are introducing a poly- 
grade steelyard for indicating English, French, and 
Spanish weights on the same bar. The bar is tri- 
angular in section, and each face indicates a different 
national standard, the bar being set by abutton and 

ring-bolt. The Planter’s weighbridge by this 

rm packs into a remarkably small space for export, 
and the platform is made either of iron or timber. 
Messrs. J. Spencer and Co, of Hollinwood, near 
Manchester, exhibited a self-contained railway wagon 
weighbridge fitted with their relieving apparatus, 
consisting of a lever working a rack and pinion. 
The machine has duplicate steelyards enabling the 
attendant to’ ascertain the net weight of goods 
direct from the steelyard without the use of figures, 
thereby preventing any error that might arise in 
deducting tare from gross weight. ‘The portable 
beam scales, by the same makers, also have a re- 
lieving apparatus, so that the strain is not put 
suddenly on the machine by rough work with heavy 
loads as in wholesale houses. Atthe same stand we 
found a very good machine especially adapted for 
boring the naves of wheels, and for tanging the ends 
of spokes. ' 

Stone-breaking machinery was well represented at 
the Show by several exhibitors. The Savile-street 
Foundry Company, of Sheffield, exhibited several 
varieties of Hall’s combined steam engine and mul- 
tiple action stone-breaker, which we described and 
illustrated last week. In addition, this firm exhi- 
bited a novel application of the Baker rotary pres- 
sure blower, for the purpose ofv entilating rooms or 
buildings in which noxious vapours are generated, 
and ing them away to condensers or furnaces. 
The blower is placed on the top of the building and 
the outlet is led into a tube, the lower end of which 
opens into the building just below the roof or ceil- 
ing. A jet of air from the blower causes an induced 
current to be formed in the tube and the foul gases 
are drawn from the building and passed to a con- 
denser. This has an important bearing upon 
chemical works. The noxious gases do not pass 
through the blower as they do through a fan, 'so 
that no damage to the machine results. Messrs. 
R. Broadbent and Son, of Staleybridge, exhibited 
several Blake stone-breakers as improved by them. 
In the old machines a spring embedded in india- 
rubber was used to pull the jaw back, and which 
was com: when the jaw was forced forward 





thus nvolying a waste of power, In the present 
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machine the jaw is pulled back by a simple arrange- 
ment of levers which requires no power to work it 
and which is readily adjusted for various lengths of 
toggles. 
ear the stone-breakers Messrs. B. and S. Massey, 

of Openshaw, had, as usual, a good show of their 
double ond single-acting steam hammers of various 
sizes. At the adjoining stand of Messrs. Thwaites 
and Carbutt, of Bradford, was en iateresting selec- 
tion of Root’s blowers as adapted to a variety of 
urposes. One special form is that arranged for 
orcing liquids or gases, and for which purpose 
the apparatus is made stronger than in or- 
dinary. This firm also exhibited their usual gas- 
coke crushing machine, besides several other ma- 
chines, The Empire fan blowing portable forge was 
the novelty at the stand of Messrs. Rollins and 
Co., of Old Swan Wharf, London Bridge. The fan 
is driven by a hand lever and through frictional 
gearing. Ventilators were well represented by Mr. 
J. Howarth, of Manchester, whose revolving Archi- 
medean screw ventilator is two well known to need 
description here. The Mitchell's Emery Composition 
Wheel Company, of David-street, Manchester, had 





at their stand a variety of emery wheel machines | 





for 


grinding and sharpening tools, and various 
articles 


for agricultural machines. They had a 
machine designed specially for fitting shops, and 
another for the vice bench, both of which are well 
arranged for their respective purposes. 

A decided novelty in the Show was Captain Tur- 
quand's sheep-shearing machine, which was exhibited 
by the Reading Iron Works Company, who are the 
manufacturers. The machine is double, and has a 
table on which the sheep is laid on his side, his legs 
being pinioned down. soon as one side has been 
sheared the animal, still pinioned, is quickly turned 
over to the other side of the machine for a second 
operator to finish him, whilst the first takes on 
another sheep. The clipper is actuated from an 
overhead roller, which is revolved by a crank. The 
gut belt, which actuates the clipper, has full pla 
along the roller, which allows the operator to Ase | 
any part of the animal. This apparatus was applied 
to its intended purpose during the Show, and proved 
naturally a t attraction. Messrs. Newton, 
Wilson, and Co., of High Holborn, London, also 
exhibited a sheep-shearing machine, which consists 
of a standard carrying a small crane, from which 
the shearing apparatus is suspended by a ball- 








and-socket joint. The cutter is attached to a tele- 
scopic spring-jointed rod revolved by a strap pass- 
ing over a pulley to a winch attached to the frame 
and worked by hand. The horse groomer of this 
firm is so arranged that it is readily converted into 
a clipping machine whenever required. 

Knap’s mechanical stoker was exhibited by the 
Patent Steam Boiler Company, of Heneage-street, 
Birmingham. It consists of a hopper in which 
lump coal is reduced by revolving notched discs of 
east iron. The coal is fed from the hopper on to the 
front of the furnace, and the fire is kept porous and 
the clinkers are broken up by the firebars, to which 
motion is imparted by means of a rocking vertical 
bar with slotted ends, and working off the spindle 
of the crushing discs which are in the hopper. 
Messrs. Priestman Brothers, of Hull, exhibited a very 
good steam crane with a self-acting hinged bucket 
and fork. The crane is double-barrelled, and works 
the bucket by means of two chains, on one of which 
the bucket is lowered by means of a brake, and falls 
wide open into the material to be lifted, whether 
that be grain, sand, mortar, mud, coal, or any similar 
nthetielh By hauling on the second chain, the 
bucket is drawn down by a very simple arrange- 
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this means the lower portion being partially shut off 
on sidelong sloping und, the distribution of 
manure is equalised. The removal] of the distributor 
enables the cart to be used for water. The St. 
Pancras Iron Works Company, of St. Pancras-road, 
London, had a neatly arranged radial hay-rack for 
stables, It consists of a hinged grid placed under the 
hay, and which, by means of a weighted lever, 
follows up the consumption of the hay, and always 
keeps it up to the top of the rack. 
m for improvement is still found in sack lifters. 
In the swing lifter, shooter, and loader of Messrs, 
G. Lewis and Son, of yop the cage is hinged 
on one side, and when the has been raised to 
the proper level at the tail of the cart, a spring 
catch is released, the cage swung round over the 
floor of the cart, and the sack cong: 4 deposited in 
; ; fe the cart. The sack lifter of Messrs. Tooley and Co., 
ment of levers, and while falling gradually closes, { have attached their self-sustaining brake, which is in | of Dunstable, is fitted with a Salter’s spring balance, 
It can then be lifted and swung round to the required | fact a frictional brake, and which enables the load | and so converted into an automatic weighing ma- 
point, when, upon the weight being thrown — to be instantly suspended at any desired point with- | chine, The cage rests on bearings conn with 
the first chain, it opens and the contents are dis- | out straining the apparatus. Messrs. J. Gray and Co., | the spring balance, and as the sack is deposited it is 
charged. _ The inventors have recently improved | of Uddingston, near Glasgow, exhibited a large’steam | at the same time weighed, the weight being indicated 
a machine, and they are now able to work the | derrick with a double jib and a safety catch for the | on the dial of the balance, which is placed behind 
a with one barrel. The wagon lift or load | jib. A double friction clutch is attached to the | the machine. 
elévator of Mr. J. Bettye, of Malvern,*consists of a | revolving gear so as to slue in either direction while | A useful and well-considered system of portable 
ber inclined plane leading to a level portion, and | lifting. narrow gauge railway, applicable to agricultural and 
2 which the horse pulls the load. Arrived at the | The Bristol Wagon WorksCompany, amongsttheir | manufacturin Pp , was exhibited by M. De- 
; oP: the wagon is held safely in = while the | numerous exhibits, showed a cing water cart | cauville, of shit Bourg, France. The system is 
is transferred to the rick. Mr, R. Jones, of | with an iron body mounted on springs. It is fitted | based upon the principle of dividing ordinary loads 
Hence iti Liverpool, exhibited a hoist for lift- | with a new regulating gearing worked by the driver | of 3 tons into fractions of from 6 cwt. to 8cwt. The 
a, an ee wheelbarrows and similar articles, | from his seat, and which ectly balances the cart | rails are of the contractor's section, about 1} in. deep, 
which will be found useful to builders and con- | for either up or down-hill work. Mr. T. Baker, of | and of very light pattern, weighing about 11 1b. per 
be a wo. to Mr. F. Ley, of the | Newbury, ks, exhibited a cylindrical ann yard. They are made up into lengths with cross- 
an . e orks, Jerby, showed a variety of | manure cart with a removable distributor, w is | ties and fish-plates attached complete, and have only 
Meeed ind eats? hoists and pulley-blocks, To | soarranged with a slide worked by screws, that the to be pushed together to secure them at the ends 
8 10-cwt, hand hoist Messrs. Ley | outflow can be regulated throughout its length, By | when laid. They can thus be laid down or taken 
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up with great rapidity and rted from point 
to point with ease. e gauge of the line is 16 in., 
and it is provided with switches, level crossings, 
sidings, turntables, shifting —, and all other 
necessaries on a similar small and portable scale. 
The carriers or wagons for this line run on four 
wheels ; they are lightly yet strongly made of iron, 
and are differently designed for the various purposes 
to which the sallway is applicable, For beet-root, 
potatoes, or similar crops an iron basket is used, 
which is carried by men with its load to the line of 
railway by means of removable handles ‘arranged 
similarly to a sedan-chair, ‘The baskets with their 
loads are placed on and attached to the carriers 
until a train is made up. There are also tipping 
wagons made of boiler plate, and arranged to 
tip either sideways or endways, the door being 
caused to fly open directly the wagon is tipped. 
Where required a special locomotive is also provided 
for working this miniaturé railway system, which has 
been adopted in various parts abroad, notably in 
connexion with mines, quarries, beet and sugar-cane 
plantations, It has also beén adopted at some 
works in England. 

Messrs, John Gray and Co., of the Uddingston 
Tron Works, near Glasgow, exhibited some very 
good examples of hand and steam derrick cranes. 
Their 3-ton crane hasa double cylinder engine com- 
pactly arranged and placed so as not to be interfered 
with by the working of the crane. Steam is sup- 
plied from a vertical boiler fitted with cross-tubes. 
The cranes are fitted with simple revolving gear 
having a double friction clutch to enable the crane 
to be slued in either direction without reversing 
the engines, Although of considerable power, this 
crane can be worked by hand when steam is not up. 

Ice-making was represented first by Mesurs. 
Duvallon and Lloyd, who exhibited some ice and 
refrigerating machinery which is based on the eva- 

oration of ether in vacuo. They also exhibited a 
1and machine for making ice in a few minutes. No 
ether, however, is used in this machine, the water 
itself being evaporated in vacuo in connexion with 
sulphuric acid. ‘The portion which is thus vaporised 
absorbs heat from the remainder, which is thereby 
rapidly reduced to the freezing point. At the stand 
of Messrs. Siddeley and Co., of Liverpool, was one 
of Siddeley and Mackie’s machines for making 
transparent block ice, and in which, with the excep- 
tion of a few minor details, no change has of late 
been made. This firm also exhibited a cold chamber 
for preserving perishable articles of food, It is 
kept cool by means of the brine from a refrigerating 
machine, which is circulated through coils of tubing 
placed around the sides of the room. ‘The brine is 
pumped up and after passing through the pipes 
flows back to the machine by gravitation. A pneu. 
matic ice-making machine worked | hand, and 
similar to that exhibited by Messrs, Duvallon and 
Lloyd, was shown in operation by Messrs. Woolf 
and Co., of New Bond-street, London. This firm 
also exhibited the American freezer, in which ice 
creams were produced ready for the table in a few 
minutes. The liquid ingredients of the ice cream 
are placed in a metal mould, which is placed in a 
receiver larger than itself, the space between the two 
being filled in with a freezing mixture. After agitat- 
ing the machine by band for a few minutes the ice 
cream is formed. 

Messrs, Burgess and Key, of Holborn Viaduct, 
London, exhibited an improved form of water lift, 
for use in countries where water has to be raised for 
irrigation pu 8, by means of animal power. The 
buckets are of large size, and insure a good flow of 
water, which is tipped from each bucket in succession 
into a trough arranged in such a manner as to 
prevent loss of water, 

Foust's hay loader, an American production, was ex- 
hibited at the stand of Messrs. Fieldand Co., of Goree 
Piazzas, Liverpool. This impiement consists of an 
elevator, which is attached to the tail of the hay 
wagon, and is operated by the same team that draws 
the wagon, which is thus loaded as it traverses the 
field. It is in very good request in the States, and 
its working capacity is said to be equal to elevating 
a ton of hay in three minutes. This, of course, in 
practice depends upon the state of the crop and 
the speed of travel, but in any case the machine 
must play an important pert in the hay-field, At 
the same stand we found another useful American 
invention in the shape of a hand tool for digging 
pos‘-holes, It consists of a couple of steel blades, 


vt half-round trowels, about 9 in., long attached to 
Jong handles and binged 
trowel with the handle. 


at the junction of the 
The trowels are thrust in 


; 








a ne position into the soil, and the handles 
ulled apart for withdrawal, which grips the soil 
tween the trowels, and it is lifted to surface. 
fixing posts, planting young trees, and similar pur- 
poses, it is a very useful implement. 

Messrs, E. Page and Co., of Bedford, had a new 
form of brick machine at their stand, It is a com- 
bined crushing, pugging, and brick, tile, and pipe- 
making apparatus, the crushing and brick or mpe 
making being conducted at one operation. e 
clay is also screened if necessary, the screen bein, 
removable, as are also the a for bs bricks - 

ipes. The apparatus is small and compact, an 
SS ctated to om turned out 15,000 bricks per 
day of ten hours, a large output for its size. 

The last exhibit for notice is a printing machine 
shown complete by Mr, A, K. Bruce, of 7, Catharine- 
street, Strand, London, and at which, during the 
later part of the Show, a daily edition of the 
‘* Agricultural Gazette” was printed and published. 








FRENCH TORPEDO EXPERIMENTS. 

On page 44 we publish engravings, showing the effect 
of a torpedo explosion directed against the Bayonnaise, 
an old wooden French frigate of about 2000 tons. The 
experiments, which terminated in the practical destruction 
of the vessel, took place during February and March 
last off Cherbourg. On the 3rd of March a torpedo 
charged with 33 lb. of damp gun-cotton, and carried at the 
end of a steel spar about 40 ft. in length, was exploded 
against the side of the ship at a depth of about 8} ft. 
below the surface of the water. The launch carrying the 
spar was, as will be remembered, one supplied to the 
French Government by Messrs. Thornycroft and Co., 
and it attacked the Bayonnaise at a speed of about 14 
knots per hour, the frigate itself being towed by a 
steamer at a rate of about 6 knotsper hour. Just before 
the moment of striking it was found necessary to reduce 
the speed of the launch. The explosion was followed by 
a shock, and a large wave, which flooded the launch and 
drove it back for a considerable distance. The damage 
done to the Bayonnaise was, as will be seen from the en- 
gravings, of such a nature as to have sent her to the bottom 
immediately, had not the precaution been previously 
taken of loading her with empty casks. She was shortly 
after towed into dock for inspection. 





THE BAXTER ENGINE, 

In the course of our notice of the Royal Agricultural 
Society’s Show at Liverpool last week, we had occasion 
to speak favourably of the “‘ Baxter” engine, constructed 
by the Colt’s Patent Firearms Manufacturing Company, 
of Hartford, Connecticut, United States, and exhibited at 
Liverpool by the American Motor Company, of Birming- 
ham, and of one of these engines we publish engravings 
(see pages 48 and 49) which will explain thedesign. As 
will be seen from our engraving the engine is mounted on 


the top of a vertical boiler, the upper end of this boiler being 


of cast iron, and formingan annular bedplate, to which the 
bedplate proper of the engine is bolted with a faced joint. 
The cylinder and valve-chest descend into the steam 
space of the boiler, and are thus thoroughly steam- 
jacketted. On the bedplate are bolted a couple of 
standards carrying the crankshaft bearings, and having 
the crosshead guides cast in one piece with them. The cups 
for the crankshaft plummer blocks are, as will be seen, 
made in a single casting, which extendsfrom one standard 
to the other, thus stiffening the standards laterally. The 
crosshead and piston are shown in detail by the per- 
spective view, Fig. 4, from which it will be seen that the 
crosshead is fitted with adjusting pieces (one of which 
is shown separate in Fig. 5) for taking up wear. The 
crosshead is of cast iron lined with white metal, and the 
bearing surfaces are very large. The connecting-rod, 
which is of very neat design, is shown by Fig.3. In all 
engines, except the two-horse, the piston [can be taken 
outand the cylinder examined without taking the engine 
from the boiler, and without detaching the crosshead from 
the piston rod. Todo this it is only necessary to un- 
couple the connecting-rod at one end, and to unscrew the 
cylinder cover bolts, when the crosshead piston and 
cylinder cover may be all lifted away together. 

The eccentric and pump rods are of cast iron, each 
being cast in one piece with half its strap. For small 
engines these cast-iron rods answer perfectly, while the 
use of this material enables oil cups to be cast on, as 
shown in Figs. 6 and 7. It will be noticed on reference 
to the former figure that the small end of the eccentric 
rod is cut through the eye, with the exception of a small 
lug on one side, while on the other side are provided lugs 
through which a bolt is passed. The eye thus forms a 
kind of spring joint, which can be tightened on the pin. 
This is a very neat arrangement, and it is adopted in the 
pump rod also, 

The pump (shown separate by Fig. 7) is fixed to the 
outer side of one standard, and the goremer (see Fig. 8) 
to the outer side of the other. will be seen from 
the last-mentioned figure, the detail of the governor are 
very neatly worked out, while in the es exhibited at 
Liverpool an arrangement (not shown in our engravings) 





In| and thus prevented the engine 





was provided, which, in the.event of the governor belt 
breaking or slipping off, held the governor from closing, 
from running away as 
it might do if the governor closed, thus opening the 
throttle valve wide. 

The boilers used with the Baxter engines are of two 
types, shown respectively by Figs. 9 and 10, the first of 
these types being used for engines of under two-horse 
poweronly. In this type the fire does not touch the sides 
of the firebox, but is contained within a kind of inner 
shell, between which and the firebox an annular flue 
opening is left. The products of combustion descend 
this opening and then rise into the casing surrounding 
the boiler, with which casing the branch to the chimney 
communicates. In the boiler for the larger sizes shown 
by Fig. 9 the firebox is enlarged at the top so as to 
form a kind of annular chamber, and from this chamber 
tubes descend to the bottom of the boiler as shown. 
From these tubes the products of combustion pass into 
the casing surrounding the boiler as in the smaller sizes. 
This arrangement of boiler is not new, but itis one which 
has been adopted, so far as we are aware, to a very 
limited extent. There is every reason to believe, how- 
ever, that it is one which will give good results. The 
boiler is fixed upon a tank bedplate through which the 
feed-water is passed on its way to the boiler. 

As we mentioned last week, the Colt Patent Firearms 
Manufacturing Company in taking up the manufacture 
of these engines have applied to them the same system 
of finishing every detail exactly to gauge, which is so 
well carried out in the construction of firearms. In this 
way they are enabled to insure first-class workmanship, 
and afford great facilities for repairs and renewals. The 
workmanship of the Baxter engines shown at Liverpool 
was excellent, and altogether the engines form very 
handy motors for small powers. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at anyone wy was not equal to the average, 
and business was certainly flatter. The prices of pig iron 
were nominally the same as last week, but buyers were 
able to purchase at easier rates. People are puzzled to 
account for the prolonged depression, the continuance of 
which is becoming a more serious matter every week. 
Most men of experience attribute this state of things to 
over-production followed by the war. They believe that 
during the prosperous times in the coal and iron trade 
enormous capital was invested, and the production soon far 
exceeded the demand. Confidence was shaken, iron stocks 
accumulated and political troubles commenced, ending in 
the war in the East. Until the differences of Turkey and 
Russia are decided, and terms of lasting peace arranged, 
it is feared that the disastrous depression will continue, 
and the only remedy for the very serious state of things 
will be ruination to many. Falling from to worse the 
trade will be reduced to such a condition (and this is to 
some extent the case now) that ironmasters, unable to sell 
their pigs at a price which will leave them a fraction profit, 
and ae iron into stock until they can do it no 
longer, wi — to blow out their furnaces. The 
law of supply and demand will then adjust matters, and 
those who are not rich enough to through the struggle 
will sustain very heavy losses, and some will be driven to 
bankruptcy. But should the war be ended this year, it is 
confidently anticipated that 1878 will bea year of industrial 
activity. 

The Finished Iron Trade.—In the finished iron trade 
there is nothing new to report. The wages question is 
being considered by the of Arbitration. Both 
masters and men have fully stated their opinions as to the 
prenees reduction of 10 per cent. in the wages, and Mr. 

vid Dale, of Darlington, who is sole arbitrator, has 
taken time to consider his decision. 

The Coal and Coke Trades.—The coal and coke trades 
are still in a very depressed state. By the decision of Sir 
James Fitzjames Stephens, Q.C., who was umpire in the 
recent cokemen’s arbitration, the men have had 
to submit toa reduction of 6 per cent., the full amount 
claimed by the coalowners. 





Tue Patent Orrice.—The Commissioners of Patents 
have determined to continue their publication of official 
abridgments from the year 1866 onwards. Most of the series 
referring to different classes of inventions have now been 
brought down to that date, and it was originally intended 
that the work should stop here, the place of these abridg- 
ments a | taken by the abstracts which, since 1866, the 
app ts for Letters Patent have been required to send 
in. ae was pond gh Sos abstracts gs little real 
use, were 8 a year , new issue 
of classified abridgments will contain the inventions of the 
last ten years, — ie Several — are 
already in ion, it wi some time before any . 

in be published. ‘The Patent Office ‘sale-room 
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watched by Messrs. Biggar, Anderson, and Dillwyn, 
all of whom had given notice to move that the 
second reading take placé that day six months. 
Mr. Mundella also was ready to propose that it 
be referred to a Select Committee. Messrs, 
Samuelson, Muntz, and Charley had notices of 
various amendments in committee. Mr. Charley's 
amendments were of a vital character and touched 
the very principles of the Bill. So much for 
the opposition in the House, Out of doors public 
feeling manifested itself in a most unmistakable 
manner against the measure. A journal was started 
almost with the express object of opposing it. It 
was but short-lived, but it nevertheless did good 
service in republishing the adverse comments which 
appeared in all quarters. Whatever were the causes 
which led to the cessation of the journal in question, 
it need not have been discontinued for lack of 
matter ‘of the kind above referred to. No less than 
thirty-four petitions were presented on the subject 
of the Patent Laws. ‘Two prayed generally for 
alteration in the Patent Laws, two were against the 
Bill iz toto, twenty-nine, including petitions from 
Glasgow, Birmingham, Manchester, Liverpool, Leeds, 
Paisley, Oldham, Bury, Wolverhampton, Aberdeen, 
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THE eee OF THE PATENT 
BILL 


For the last three years we have felt it our duty to 
devote a very considerable portion of the space which 
would under other circumstances have been given 
to subjects of professional interest, to the discussion 
of the patent question, or to be strictly accurate, to 
the opposition of Lord Cairns’ ill-advised and 
mischievous measure of Patent Law ‘ reform,” 
falsely so-called. We were the first to take the 
subject up, and although readers of ENGINEERING 
may now and then have thought that enough had 
been said, we have nevertheless continued to direct 
— attention to the dangerous character of the 

ill which has just been abandoned, It is true that 
the measure of the present session was far less ob- 
jectionable than that which was introduced in 1875, 

ut inventors and others interested in the question 
have happily not allowed themselves to be deluded 
by one or two possible advantages which the mea- 
sure of 1877 possessed. 

The Bill started well this year. It was mentioned 
in the Queen’s speech, and it was brought in by the 
Attorney-General on the 12th of February, a few 
days after the commencement of the session, Parlia- 
ment having met on the 8th of the same month. 
The second reading was fixed far February 22, but 
the event did not come off, and since that time it 
has appeared in the orders of the day no less than 
sixteen times without the ro grove progress having 
been made. The motive which actuated the Govern- 
ment in placing it upon the order book on every 
possible occasion is perfectly plain. ‘The promoters 
of the Bill hoped that they might “snatch a fearful 
joy” perhaps very early in the morning, and read it 
a second time when the opponents of the measure 
were absent, The [a not appear to 
have offered itself, ill was too carefully 





mitted, that the present Bill is a great improvement 
over its predecessors. How then does it come about 
that the Bill of 1877 has been more vigorously op- 
osed, and has made less progress than those of 
ormer years? Inventors are beginning to see that 
the Bill is intended to be the foundation of an 
organised attempt to curtail their rights and privi- 
leges. Those whose business it is to watch public 
departments cannot fail to have noticed that nearly 
all the alterations which have been made in the 
conduct of the Patent Office have been in the wrong 
direction. The new mode of printing the specifica- 
tions is one instance ; the cessation, for so longa 
period of the publication of the very useful series of 
* Abridgments” is another, and we may also refer 
tothe destruction of the stock of printed specifica- 
tions. Frequent mention has been made of a certain 
report by the Master of the Rolls and the Perma- 
nent Secre of the Treasury on the condition of 
the Patent Office, and which the Government have 
more than once refused to lay on the table of the 
House of Commons, In spite-of (perhaps in con- 
sequence of) this reticence the report has long 
since [been printed, and has obtained a sort 
of quasi- publicity. One of the recommenda- 
tions was that Mr, Woodcroft’s successor should 
‘¢ sufficient legal and scientific attainments 
to be able to watch intelligently the operation of 
the Patent Laws, and to advise the Commissioners 
of Patents on the adaptation from time to time of 
their office to the duties created by those laws.” 
The interpretation of this recommendation by the 
Commissioners was of the usual kind, and they 
appointed as the head of their office a gentleman 
from the Board of Trade, a most valuable officer in 
his special department, but who certainly did not 
possess the qualifications laid down by the authors 
of the report above alluded to. We make these 
remarks with every feeling of respect for Mr. Lack, 
and we are in precisely the same difficulty as those 
members who took part with Mr. Holms in discuss- 
ing a recent appointment in the House of Commons 
the other evening. It has not escaj attention 
that the examiners contemplated in the Patent Bill 
are to be certified by the Lord Chancellor to pos- 
sess ‘legal or scientific knowledge,” language 
teem bears a striking resemblance to that above 
quoted. 

Itis impossible to deny that there is a widespread, 
and in our opinion perfectly just, distrust of the 
present Government with respect to their appoint- 
ments to positions where special qualifications are 
absolutely ne Recent events would seem to 
show that the surest way to obtain such an appoint- 
ment, is to be absolutely ignorant of the sab ject to 
be dealt with. There is no reason to believe that 
the examiners would be represented by anything 
above the ordinary Government clerk or perhaps 
still worse by the conventional briefless barrister. 
whose ‘‘ legal knowledge” consists solely in (that 
easily acquired faculty of raising frivolous objec- 
tions to everything, and at the same time com- 
placently regarding his paltry quibbles as the ema- 
nations of a profound “ mind,” Another rea- 


navigatin 
3 | Sroated ise 


son for the suspicion with which the Bill was 
regarded, was its vagueness in certain directions, 
and the enormous power given to the Commissioners 
to make rules and orders. We need only mention 
one pent, The Bill actually left it an open question 
whether the specifications sould be printed at all, and 
it is not very difficult to predict what would n 
ike qauce nijinion maabees teal dine area 
is grave objection very clearly percei 
and fhe petition from the Wolverhampton Trades 
Council, which has been atepeeg Pe many other 
large manufacturing towns, sets f that if such 
enormous kpewerene given, ‘‘ extra expense and con- 
tinual confusion would be the result, and be a 
means, as in the Trade Marks Act, of bringing 
the Patent Law into contempt with those con- 
cerned,” 

The Trade Marks Act, though it has been of 
little, if any direct benefit to trade, has just 
done this: it has — the eyes of the public to 
the real meaning of ‘ prelimi examination ” as 
interpreted by an official. The duties of the Regis- 
trar in this respect are extremely simple in com- 
parison with those of the proposed examiners of 
patents, and the various legal pi ings in con- 
nexion with trade marks have made it clear, that 
whatever may be the result of an appeal to the 
court from the decision of an examiner of patents, 
the applicant will have the pleasure of paying his 
own costs. If the decision is adverse he will 
probably have the additional gratification of pay- 
ing the examiner’s costs too. 

e are heartily glad that the Bill is dead, and for 
the third time we have the pleasure of congratulating 
inventors upon the failure of an attempted —. 
upon their rights. We are not at all sure that the 
Attorney-General, who had charge of the measure, 
does not share in the general joy, and we do not say 
this without good reason, For some little time 
past the Government have abandoned all hopes 
of passing the Bill this session, although an 
answer in the opposite sense was given to the 

uestion of a member of ‘the House of Commons a 
ew weeks ago. In proof of this we need only men- 
tion the fact that the Crown Office Bill introduced 
into the House of Lords a month back, and which 
may pass this session, is very little more than an 
amplification of the powers asked for under Clause 
19 of the Patent Bill which has no¢ To 
allay any alarm which may possibly felt, we 
hasten to say that the main object of the Bill in 
question is to abolish in certain cases the ‘ State 
butter-print,” as the great seal of the Common- 
wealth was once profanely called. 





THE THAMES CONSERVANOY. 

TuE annual report of the Thames Conservancy 
Board has just been issued. It is stated that the 
excessive and exceptional floods of the latter part of 
1875 and the early part of 1876, caused much 
injury to the works below Staines and above 
Teddington, where the tidal stream ends, by choking 
up the channels, thus causing a increased out- 
lay for ing. ‘The deepening of the channel 
between Teddington and Richmond is being steadily 
proceeded with, and in order to facilitate in a ready 
and more economical manner the removal of - the 
material raised by the dredgers, the Conservators 
have had two large steam ip built. It appears 
that from a ul surv } the state of the river 
near bar nme teats 4 alls at Barking and Cross- 
ness, e annually, in 1876 the di t still con- 
tinued to increase, notwithstanding the great scour 
produced by the floods in 1875-76. The Explosives 
Act of 1875 having come into operation on the 
lst of January, 1876, the Conservators framed a 
set of bye-laws relative to the carriage of explosives, 
and appointed eleven of their officers to be i 
under the Act. Under the provisions of these bye- 
laws, the ip carryin, losives on the Thames 
have been duly ins and licensed, and through 
the exertions of the inspectors the explosive portions 
of the cargoes of many vessels have been either 
carefully stowed or else securely and properly re- 
stowed under the supervision of the tors. 
Several convictions have been obtained against 
— infracting the Explosives Act and bye-laws, 

t appears that the small steam vessels, or launches, 
the upper part of the Thames, have in- 
number, and complaints have reached the 
Conservators of the reckless manner in which some 
of these vessels are navigated. In cases where suffi- 
cient evidence could be obtained, the Board have 





taken proceedings against persons infringing their 
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bye-laws. Notwithstanding delays caused by the 
recent floods, the Conservators express the hope 
that all the sewage above the intakes of the metro- 
politan water companies will soon be diverted from 


the river. In the districts below the intakes of 
these companies, as at Richmond, Kingston, 
Surbiton, Brentford, &c., and above the limits 


of the authority of the Metropolitan Board, 
the sewage has not yet been diverted from the 
river, notwithstanding the legal measures that 
have been taken by the Conservancy Board. Two 
reports have been made on the subject to the Local 
Government Board by their inspector, Colonel F. 
Cox, as to uniting the various authorities in the 
locality, so as to form one Board for dealing with 
the sewage of the combined district. As the Bill 
for carrying out the mode of dealing with the sewage 





is now before Parliament, the Conservators hope that 
before long the sewage may be prevented from 
flowing into the Thames. 
THE “INFLEXIBLE.” 
Last week we offered some remarks upon the 


papers recently laid on the table of the House of 
Commons in connexion with the stability of the 
Inflexible. We this week publish the Admiralty 
curves of stability of the vessel contained in 
those papers. The figures given in connexion 
with those curves are contained in the following 
Tables : 


worthy of consideration. 
The following Table is given on page 10 of the 
official report. 











Inflexible Devastation 
as assumed in | with Fore- 
Model, castle 
Pa me = ang riddled and 
ving no no 
Stability. | Stability. 
Maximum stability ... ...| 6532 foot-tons |5237 ft.-tns. 
Angle of maximum stability 13} deg. 9 deg. 
Range ... ods ad oss 30 deg. 344 deg. 








There is evidently some mistake about this. It is 
stated, as will be seen, that these figures are given for 
‘‘ Inflexible as assumed, in model unarmoured ends 
giving no stability.” But they agree with the figures 
given above for the curve ¢ which is given for the 
ship “‘ fully equipped, ends riddled,” but with the 
cork in place, If the cork is —— in place, 
surely it cannot be correct to say the unarmoured 
ends are giving no stability. he foot-note or 
memorandum at the bottom of ll, to which 
we referred last week as being the only part of the 
papers in which the condition of the vessel with the 
cork destroyed, reads as follows : 

‘*These curves were made in 1876 to represent 
the condition of the ship with iron lower masts in, 
cables stowed above the armour deck, and with no 


























TaBxz No. I. 
a elas ANS ees a | | 
D ge | : § os g | 5° 
ConpiTIon. a j Bg (S85 meer y 
e | & | ds (da) 35 part 
—_— | | —_ 
| ft. in. | tons. deg. deg. ft. | deg. | ft. 
b | Ship complete, cork in place... «| 24 7 | 11,500] 1 31.2 | 3.28 | 74.3 | 8.25 
d | Asin b, but in light condition eee sis ae «| 21:10 | 10,000 18 31.7 3.935 | 71.5 | 8.53 
e | Fually equipped ; ends riddled ese ee sae dad 26 8} | 11,500 | 11 | 13.5 568 30.0 | 2.0 
7 | As in e, but coal between decks (800 tons) removed ...| 26 1 | 10,700 | 11} | 15.4 -534 | 32.2 | 3.09 
‘ As in e, but in lightcondition _... asi » _ svef 23-9 | 10,000 | 15 | 20.8 794 | 36.8 | 2.22 
i | Asin e, but supposing the water in ship when upright) 
locked see nee nse ane nee ane oee| 96 BH | 12,668 | 11 | 13.9 | 705 32.0 
m| As in k, but supposing mmain deck kept free of water -..| 26 8} | 12,668 | 11 | 27-4 | 242° | 715 





| 


TaBsue No. II. 





Top of Middle 
Deck 


Condition of Ship 
(Intact Draught 24 ft. 7 in.) 


| 
| Draught. | 
| above Water. 





| ft in. ft. in. 
(1.) Ends riddled and one- ) 
third of buoyancy of | 
ends clear of coals Coala 
retained, but water} between 
excluded from coffer- | decks 


in 
dams and coal spaces 
decks. } 
Coals 


at) 
} 


2 4 


Ditto ditto 23 7 


(2.) Same as (1) mae that 
the one-third of buoy- 
ancy of ends referred 

eglected. 


2 14 
decks out | 

Coals 
between 2 9 
decks in | 

Coals 
between 
decks out 





10 


ditto 


}a 0 


It will be observed at once from these curves that 
there is a vast difference between those curves which 
apply to the vessel during peace time, or in other 
words before she enters a naval action, and when 
her unarmoured ends are intact and water-tight, and 
the curves given for the vessel when her unarmoured 
ends are perforated. 

Quite independently of the question whether 
30 deg. range of stability with the ends pierced, 
and the cork remaining intact, is or is not a sufficient 
range to insure the vessel's safety, it must be evi- 
dent that from the time the vessel goes into action 











allowance for the buoyancy and stability due to 
the immersed materials of hull before and abaft the 
citadel and above the armour deck, except the cork. 
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of the cork being destroyed or not, and will be 


the whole question now depends upon whether the 
destruction of the cork by shell fire is ‘‘ practically 
impossible” as assumed by Mr. Barnaby, or quite 
possible as asserted by Mr. Reed. 

Nobody can contend for a moment that a range 
of stability of 17 deg. would render the vessel safe 
against capsizing, mepetiog it to be proved that the 
destruction of the cork is possible by shell fire. How 
far it would be possible to use special shelis contain- 
ing very destructive charges for the purpose of des- 
troying large masses of cork and stores we will not 
venture to predict. Perhaps artillerists will soon 
enlighten us on this point now the importance of 
achieving such a purpose has become so apparent. 

One of the worst features of the business is that 
the vessel has only 30 deg. range of stability with 
the ends riddled, but with none of the cork gone. 
With only half the cork blown out or destroyed, 
therefore, the stability might be reduced down to 
only about 23 deg. or 24 deg. range, so that it is not 
really a question of destroying all the cork or a large 
proportion of it to compromise the vessel’s stability, 
even if we grant she is safe with a 30 deg. range, 
and all the cork in, which, however, we cannot 
accept. 

Mr. Reed’s approximate curves, which we annex, 
show a worse state of affairs than the latter, 
but the difference is not greater than might 
have been expected, considering the changes made 
in the Inflexible since the present controversy 
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began. The curve B on Mr. Reed’s diagram 
appears to correspond to the Admiralty curve 
e, and Mr, Reed’s curve A corresponds to the 
case of the vessel with the cork removed, which 
is omitted from the Admiralty diagram, but re- 
ferred to in the foot-note quoted above as having 
arange of 17 deg. 

We are glad to learn that Mr. Froude and Dr. 
Woolley are to be on the Committee of Inquiry to 
be appointed, as they will thoroughly understand 
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‘* With the iron masts removed and cables stowed 
below, to compensate for the lift in the centre of 
gravity of the ship, due to increasing the guns from 
60 to 80 tons each, and with allowance made for the 





and gets her ends riddled she becomes in point of 
stability an entirely different vessel from the one 
she was before. It may not be an uninteresting 
ge for the forthcoming Committee to inquire how 
ar this sudden change in the vessel's stiffness 
would affect her manceuvring qualities, It is un- 
fortunate that all the experience which the officers 
and crew will have had in handling the vessel, and 
in practice with her, will have en place with | 
her when her stability is represented by one or | 
other of the two curves 4 and d, or some inter- | 
mediate curve, whereas, when the vessel is in action, | 
her stability will be represented by curves approxi- 
mating to the small curves ¢, /, &, or g. This 
sudden change is quite inde t of the question | 


| partments in these parts of the shi 


| stability under these practically impossible circum- 


immersed materials of hull, the curve e would have 
—— of about 35 deg. 

‘The condition, when all the solid, or water ex- 
cluding tanks, stores, cork, &c., before and abaft the 
citadel, down to about 8 ft, under water, are 
assumed to be blown out, and the water-tight com- 
p destroyed, while 
all the top weights of every kind, including the iron 
structure, remain in position, but are so 
as to allow water to move freely from side to side, 
and in and out of the ship, has been fully investi- 
gated. It appears that there will be a range of 





stances, and without any ballast, of about 17 deg.” 
We need not repeat what we said previously that 





~ 


40 5 Ss 


any — of stability that can arise. We trust 
the Committee will be equally well strengthened 
with naval officers of ability and experience, and 
artillerists. If we were to judge by the accounts 
which reach us of the action between the Shah and 
Huelva, guns are far less effective against both the 
armoured and unarmoured parts of a ship than has 
been generally supposed. e two 12-ton guns of 
the Shah, after from two to three hours’ fighting, 
appear to have been only once able to penetrate the 
comparatively thin armour of the Huelva, while the 
hull of the Shah was not struck at all. Could we 
take this asa criterion of what naval fighting is likely 
to be in the future, it would lessen the importance 
both of thick armour and of cork. The 
Director of Naval Ordnance, in reporting on the In- 
flexible, says, ‘‘ The first real naval engagement will 
settle many points in regard to armonr-clad vessels 
of the present day that are now simply matters of 
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opinion. We fear there is not much knowledge to 
be gained from the fight off the coast of Peru as to 
the destruction of armoured or unarmoured struc- 
tures, and trust the impending inquiry will not be 
allowed to close without the Committee having be- 
fore them the results of an extensive series of artil- 
lery experiments on cellular chambers, cork packing, 
and other devices likely to be adopted in our iron- 
clad vessels of the immediate future. 








THE STRENGTH OF BARS. 

WE have been favoured by Mr. W. H. Shock, 
Chief Engineer of the United States Navy, with the 
results of some very interesting experiments on the 
strength of a number of test pieces cut from Ameri- 
can bar iron, ‘These experimental tests, of which 
we annex a tabular statement, were made with a 
view of determining the homogeneous character of a 
bar of ordinary American rolled iron, especially with 
reference to its tensile strength, under the several 
conditions tabulated. 

The twenty-eight specimens were cut from the 
same bar as near to each other as practicable, in 
order, as far as possible, to obtain a uniform density. 
It will be observed that the tests were made under 
four different conditions of the metal, and in each 
case with a sufficient number of specimens to insure 
a satisfactory conclusion, 





Fie. 4. 


The lines of fracture were remarkably uniform in 
each series, when the strain was parallel with the 
fibre, yielding at the reduced points, but in those 
specimens cut from the bar at right angles to the 
fibre, the lines of fracture were erratic, and at points 
unlooked for, as the bar was thoroughly welded, 
and no apparent reason existed in the quality of 
iroa, which satisfactorily explains either the lines of 
fracture or the low figure at which the specimens 
broke. 

The average strength of the several specimens in 
pounds per square inch was as follows, viz.: 


Pounds r. In. 
Those takenfrom centre of bar... sboK 
Those taken from near the circum- 
ference one aa ee -- 578408 
Those earn under heats approxi- 
mating weld B. Pa ‘ah 60690.3 
Those taken from across the bar ... — 32880.6 
The iron throughout showed perfect welding, 
fractures clean and fibrous. In the cross cut speci- 
mens the fibre was well defined parallel with fracture. 
From the results obtained, as shown in the above 
experiments, and from others made in the same di- 
rection, Chief Engineer Shock states that he is satis- 
fied that in all cases of well-made rolled bariron, the 
fibre (grain) lies llel with the axis of the bar and 


What may be developed in the experimental tests to 
be made with hammered (wrought) bar iron, re- 
mains to be seen. 











Table of Results of Experimental Tests made with Rolled 
Bar Iron by Chief Engineer Wituram H. SHock, 
United States Navy. 
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COMPOUND AND NON.COMPOUND 
ENGINES. 

The E. iments with the Steam Machinery of the 
United States Coast Survey and United States Revenue 
Steamers. 

In connexion with the experiments with the steam 
machinery of the United States Coast Survey steamer 
Bache and the United States Revenue steamers Rush, 
Dexter, and Dallas, of which we gave an account in En- 
GINEERING, vol. xix., pp. 14, 129, 183, 153, and 177, also 
of supplementary experiments made with the machinery 
of the United States Revenue steamer Gallatin, published 
in the twenty-first volume of ENGINEERING, p. 121, we 
lately (vide pp. 418, 456, 497, of our last volume) laid be- 
fore our readers a full description of the machinery of 
the United States Revenue steamer Rush, one of the 
vessels in which the experiments were made. These 
particulars we now propose to supplement by descriptions 
of the cylinders and valves of the other engines experi- 
mented upon. 

The drawings of the cylinders and valves of the 
several engines are necessary to, in a sense, complete the 
record of the experiments, several inquiries having 
reached us particularly in respect to the arrangement of 
the steam jackets and the amount of surface they con- 
tained. Of the cylinders and valves of the Rush we have 
already given full particulars, and we have now to deal 
with those of the Bache, Dexter, Dallas, and Gallatin. 
All of the engines are of the ordinary vertical type with 
inverted cylinders. 

The engine of the United States Coast Survey steamer 
Bache, a general description of which will be found in 
Mr. Emery’s paper, ENGINEERING, vol. xix., p. 14, is of 
the steepled compound type, the larger cylinder, which 
is steam jacketted, being supported on frames, as in or- 
dinary vertical engines, and the smaller, which is not 


steam jacketted, being supported above the other on four | }i, 


side columns. The cylinders are respectively 25 in. and 
15.98 in. in diameter with 24 in. stroke of piston. The 
cylinders are represented in Figs. 1 and 2 of our two-page 
engraving. It will be observed that both cylinders are pro- 
vided with main and cut-off valves, and that the piston rod 
and valve stems of the larger cylinder are extended up and 
connect to the corresponding parts of the smaller, the 
valve face of latter being carried out in line with that 
of former. The steam chests are made longer than the 
cylinders, the cylinder ports run directly out from the 
clearances, and separate valves are provided for each 
end of the cylinder, by which means the clearance spaces 


are reduced to a minimum for the large cylinder, and are | F 


not excessive for the smaller. The steam chest of each 
cylinder is provided with an inlet for live steam. In 
erecting the engine a two-way screw valve was provided 
to shift the current of steam to either cylinder, a sepa- 
rate throttle valve being arranged between the same and 
the boiler. The exhaust pipe of the smaller cylinder con- 
nects tothe steam chest of the larger through a check valve, 
which is closed when working only live steam in the larger 
cylinder. Both cylinders are provided with independent 
cut-off plates sliding on the backs of the valves, these plates 





this may with safety be accepted as a uniform law. 


being adjusted by right and left-hand screws on the stems. 


The lower stem r is revolved to adjust the cut-off on the 
larger cylinder by a ratchet placed below the chest. The 
same valve stem r extends up into the chest of the small 
cylinder, and terminates between the two cut-off valves in 
a driving collar a, Fig. 2, which abuts against a similar 
collar 6 on an upper stem s. The two collars are enclosed 
by a yoke c, thus making a swivel permitting either stem 
to be revolved separately. The nut d operating the upper 
cut-off valve of the smaller cylinder is secured in the valve; 
the other nut f operates the lower valve through rods 
e e connected to side arms on the nut. This engine was 
designed by Mr. Charles E. pong Pad New York, and 
built in the year 1870, by Messrs. , Jones, and Oo., 
Wilmington, Delaware. 

Fig. 3 (see page 56) represents a front elevation partly 
in section of the cylinders of the United States Revenue 
steamer Dexter,and Fig. 4 a vertical section through centre 
of cylinder and steam chest. Fig. 5 is a vertical section 
through the centre of the cylinder and steam chest of 
the United States Revenue steamer Dallas, and Fig. 6 is 
a horizontal section at centre of cylinder. 

The cylinders of the Dexter and Dallas are not steam- 
jacketted. The main valves are short unbalanced slides, 
and have cut-off plates sliding on the backs of same adjust- 
able by right and left-hand screws on the stems. The 
engine of the Dexter was designed and built by the 
Atlantic Works, East Boston, Massachusetts, and that of 
the Dallas by the Portland Machine Works, of Portland, 
Maine. 

Fig. 7 is a vertical central section, Fig. 8 a horizontal 
central section, and Fig. 9 a vertical front view in 
section of the cylinder of the United States Revenue 
steamer Gallatin. Fig. 9 also shows a section through 
throttle valve chest, Fig. 10 being a front view of the 
same with bonnet removed. Fig. 11 shows the main and 
cut-off valves. As stated in connexion with the a ye 
ments with this vessel, the engine was desi b 
Charles E. Emery, consulting engineer, United States 
Revenue Marine Service, and was built by David Bell, 
Buffalo, New York. The steam jacket, it will be observed, 
is cast on the cylinder, a plan Mr. Emery has found to be 
practicable in cylinders of this size, particulars in regard 
to which, and the manner in which the cavities in 
cylinder cover are er drained of water, were given by 
us lately when describing the steam jackets of the United 
States Revenue steamer Rush (vide p. 457 of our last 
volume). The main valve has, it will be seen, two stems, 
The driving nuts of both main and cut-off valves are 
made hexagonal, so that they can be revolved to make 
adjustments, and the nuts are secured from revolving, 
when in service, by ~ sage wa dropped over them 
and bolted fast at either side, an arrangement which 
allows the valves to rise from, or wear down to their seats. 
The cut-off plates are held down by springs yy attached 
thereto, and abutting against the driving nuts, 








THE PROPER CIRCULATION IN BOILERS. 
To THE EpriTor oF ENGINEERING. 
S1z,—In consequence of continued absence from business, 
I regret that I have not had an geome A seeing Mr. 
Watt's letter of June 12th (on your page 462) until to-day. 
It demands a word or two of from me. 


of represen’ m: tion. This however I can 
one ta sce ade ee my words would 
evidently be unheeded by Mr. Watt, who describes me as 


his part to combat.”’ 
Iam astonished at the extreme inaccuracy of his 
remark that I ‘do not attempt to show the fallacy of his 
ents,’’ or to substitute ‘‘ any theory of my own,” and 


at, the “‘ waste of time’’ displa: by the defence 
which follows the offensive remar I have alluded to. 


Referring to Mr. Wye Williams’ book, Mr. Watt ee Ae 
**T find no evidence to ‘the well-known fact’ that 
the stayed crown of a locomotive firebox with but a few 
inches of water on the top is ‘ very liable to overh "ce 
but I must transcribe a sentence or two from that work for 

is assistance (page 147): ‘‘ We here then find that the 
crown or horizontal plates can be supplied from the 
vertical water spaces a ; and hence the importance of 
making those channels so large and conveniently 
that the water may reach them in full current and quantity. 
This also accounts for the fact that the crown plates are 
the most liable to injury from bein . é 

‘‘ The crown plates of a furnace are then the most liable 
to injury from the double cause of being to the 
greatest heat by direct impact of the flame, and from the 
water havi greater difficulty of nccess to them, as shown 
in Fig. 88. is causes them F sa pag to bulge under 
the pressure of steam, as in Fig. 90.” To this a note is 
added as follows: ‘‘ This has been well illustrated by Mr. 
paper read to the British Associa’ 
some — ss — of — 
i le, however, clear! 

: the weakest 
, and that there was more to fear from the top of the 
‘urnace, which, under severe pressure, was almost invariably 


a 


$ 


pa byte. nity Mf eae ree 
consequence of these arguments, Mr. Williams re- 
commends, on 149, a dome-shaped top for furnace 


crowns as Saeed toveanible for aiding the access of the 
water” to the surface. 





I have read pages 162 and 163, but find that they do 
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not refer to the effect of deficient supply of water to the]at uniform — 7 in ——— -— a 


flat surface of a furnace crown, but to a totally different | toothed gear, or ting ; and 
matter, viz., the rapid conduction of heat to water present | stated, as most remarkable. Unfortunately, my first boat, 
in quantity over the flat bottom of a vessel. If Mr. Watt|an iron one, 66ft. in length, was lost the Bristol 
always insure the presence of sufficient water above 
the farnace crown then this illustration would serve his| beam; when 
rpose, but not otherwise, and this is precisely the point} in boiler at 


Phish I have raised. 2 
I am sorry to deprive him of the crumb of comfort which 
he has gathered from 145, but I have no alternative. 
Sienied Fig. 87 on page being an illustration of his 
** theory of a stratum or of steam between the water 
and the side of a tube exposed to the flame,’’ the figure 
is introduced to illustrate the direction in which colder 
of water approach the heated part of the side 
plates of a furnace, and Mr. Williams’ conclusion from the 
evidence of his own illustration is as follows: ‘‘ This is 
manifestly in favour of vertical rather than horizontal sur- 
faces, as practically has been proved in the case of vertical 
tubes. This advantage may Be accounted for by the fact 
that the currents of the atoms of vapour, and that of the 
water about to be converted into vapour, will then be 
ranning in one and the same direction, and consequently 
without obstruction or collision.”’ es 
No proof whatever is attempted by Mr. Williams that 
atoms of steam cling to vertical tube surfaces in ascending, 
and, therefore, as I cannot be — ae to Goa = 
Watt with “‘ gross exaggeration”’ I must accept the di 
alternative, and confess to ignorance of such “ facts’’ as he 
would persuade his ‘‘ esteemed friend’ are to be found on 


the ‘ 

O fatality follows Mr. Watt's further quotation 
from page 156, for instead of its providing me with such a 
demonstration of his theory as places me at once under 
‘* great obligation’ to Mr. Williams, and under the neces- 
sity of “seeking pardon” for scepticism, the page in ques- 
tion and following ones demonstrate that water sufficient 
to supply 11 narrow water ways and 500 square feet of 
bottom which was moreover ‘“‘ much obstracted by 
sediment other deposit,’’ could not be obtained from 
one of the said narrow water ways, and consequently that 
these narrow water ways were without a sufficient supply 
of water and b overheated. Had they been properly 
supplied with water it is, of course, ible that Mr. 

att’s “‘ stratum or wall’’ might have existence, but 
I fear I must still ask him for proof of its existence. 

The Table on page 164 has had my special attention, 
and it is proof of the necessity of providing such circula- 
tion in boilers as will keep water and not steam in contact 
with the heated surfaces. I shall be happy to act upon 
Mr. Watt's suggestion and make farther use of it when I 
am writing upon boilers, which I hope to be doing shortly. 
Until then I must bid Mr. Watt a reluctant farewell with 
the sorrowfal conviction that few will accept his conclusion 
drawn from his reading of Chapters IX. and XII., or share 
the happy satisfaction which he ae ol his ‘‘end,’’ 

ours 





Freperick Joun Rowan. 
108, Wool Exchange, Coleman-street, E.C., July 18, 1877. 


THE SHIPWRIGHTS’ EXHIBITION, 
To tue Eprror or ENGINEERING. 

S1r,—As an exhibitor, I have read the letters in ENar- 
NEERING onthe above, and now the favour of space in 
your valuable journal to point out to the writers of ‘ No. 3” 
and ‘‘ Enterprise’’ that I did exhibit a model prepared by 
me under my patent of 1876 which fulfilled all the condi- 
tions seguinal by Mr. G. E. Wood, as will be seen by the 
p , enclosed herewith, but I was excluded from the 
ca e and the competition from the fact that the 

m appointed by the secretary to make up the catalogue 
had fo me al as an exhibitor, although T 
had received a month before the papers admitting me as an 
exhibitor, and acknowledging the descriptions of my models. 

I called two days before the exhibition opened, produced 
my papers, saw the secretary, who expressed regret, and 
said my models should be in the catalogue and competition 
—they were in neither.] 

As I had made this model specially for this service, and 
as there were | two or three other competing models, 
ST Decent palte Us cmien ond lsat 

i i enclosed explai e system an 00 
ae and I am pi to fulfil the wontons 
required by Mr. Wood under a penalty of 1000. 

I am, Sir, your obedient servant. 
A. SEDLEY. 

Riverside House, Putney, July 14, 1877. 


To Tue Eprror oF ENGINEERING. 
Srr,—The letter of Mr. Scott, of Govan, and those of 
“No. 3” and “‘ Enterprise,”’ in the last three numbers of 
your journal on the Shipwrights’ Exhibition, must be my 
excuse for this one. 

In your issue of the 22nd October, 1875, I inquired from 
yourselves and readers for information as to th@ practical 
testing of propulsion of vessels by two concentric screws 
right and fort handed, rotating in opposite directions ; an 
in the next number there was a reply from ‘M.” to the 
effect that on a very small scale it tried in one of 
the Government establishments, when the increase of 
speed was marked, but that mechanical and official dif- 
ficulties prevented the subject being followed up ; and on 
the 3rd November I wrote to giving the latest trials of 
the principle, toothed qeazing boing noel to get the reverse 
motion, a practice which no one would now sanction in 
coean-going steamers, ms . i on inland 
waters, or canals; perhaps I should ex » as 
I believe the Whitehead is thus driven by Fone ney 
two reverse screws. 

Since that correspondence 

periments with the ‘‘ dual engine,” w 











in 
Channel, the second is of wood, 43 ft. over all, 7 ft. 7 in. 
with ‘one screw, 80lb. pressure 
starting ; she travels five miles in 25 
minutes, being at the rate of 12 miles an hour, the screw 
making 350 to 360 revolutions a minute, and, at the end 
of;the 25 minutes, pressure in boiler is reduced to 40 lb. to 
45 Ib., while with two reverse screws driven by the same 
engine she travelled 15 miles in an hour, and had 
as much steam at close of the run as on starting, viz., 80 lb., 
while the revolutions had been reduced to 200 a minute. She 
has an inv 7 in. by 7 in. cylinder, and the lowering of 
steam in boiler on single screw trials {is due to the speed 
at which it is drawn off, while with double or dual screws 
the slow pace of the piston rod conserved the steam. This 
small craft tows thirty fathom of heavy chain fastened to 
the shore into almost a straight line with her double screw, 
while with single screw at much greater s , the chain 
is not brought to the surface of the water. Again, two 
screws of 2 ft. diameter do the same work as a single 
screw of 8 ft. diameter, both in towing and running for 
speed; and as tried against a bow and stern screw (in the 
same boat) with rudders inside the propellers, she shows a 
very considerable advantage, and is a drier boat in a sea 
way. I should mention that the superficial surface of the 
two screws has been kept to the same as the single screw 
of whatever form or pitch it has been, and in every case 
the “‘ dual system” has proved its superiority. ith a 
better design of engine (horizontal instead of vertical), 
such ‘as Iam now building for a 50-ton yacht, there is 
little doubt that vessels can be produced to secure Mr. 
Geo Edward Wood's prize Bs the next Shipwrights’ 
Exhibition. Trusting to be able very shortly to furnish 
you with particulars and drawings of the “‘ dual engine,”’ 
I am, Sir, yours ais be 
. 8. M. 


Falmouth, July 16, 1877. 
TRANSVERSE STRENGTH OF BEAMS. 


To THe Eprror oF ENGINEERING. 
Srtr,—Your doubting correspondent ‘‘ H. C.,”’ does not 
touch the points of my last letter ; whilst the only point in 
his letter is the point of the diagram. I would not make 
experiments with beams of india-rubber unless I had plenty 
of spare time ; though I see no reason why he should not 
para himself in measuring jold cart wheels, should his 
min lie that way. 

But I will take up his own line of argument: If the 
three sides of the triangular frame, “‘ of any such stuff as 
iron’’—elegant expression !|— were “ pivotted’’ to each 
other at all the angles—not alone at one angle as he puts 
it—the stress in the upper and lower members would then 
be wholly longitudinal . QED 

Yours truly, 


D. K. Crarx. 

P.S.—By the way, ‘‘ H. C.,’’ who seems to be a superior 
person, is in error in his analogy. He should first have 
found mw, and then have applied it to the old cart wheels. 
He put the cart before the horse.—C. 
London, July 16, 1877. 
| We are glad to note that Mr. Clark is becoming a little 
more orthodox in his views as to transverse strength. We 
gather now that the diagrams of cantilevers which so much 
rovoked our reviewer, were intended to illustrate the 
interesting but by no means remarkable fact thatin a trne 
triangular frame the stresses are as theory would indicate 
them to bein a true triangular frame—though we fail to 
see how this truth affects the theory of a ‘‘ diagonal resis- 
tance’’ one way or the other. Mr. Clark’s letter, short as 
it is, will, we fear, not escape the irreverent criticism of 
engineering students. The ‘‘ Q.E.D.”’ mar wagrenee smile, 
since obviously if the three sides of Mr. Clark’s tri r 
frame were “ pivotted to each other at all the angles,” the 
stress in the upper and lower members would not, as he 
says, be ‘‘ wholly longitudinal,” but would<be compounded 
of the latter stress and of the stresses resulting from the 
bending moment due to the “‘ wholly longitudinal’ stress 
acting at the “‘angles’’ of the cantilever, and not at the 
centre of gravity of the cross section of its upper and lower 
members respectively. In short it would take even a more 
“* superior’’ person than “ H. C.”’ to make anything intelli- 
= of Mr. Clark’s theory or illustrations, and we cannot 

ut admit therefore that the latter gentleman is wise in not 
resorting to the crucial test of the india-rubber beam sug- 
gested by our reviewer until he is prepared to face the 
alternative of withdrawing instead of defending an un- 
tenable hypothesis.—Eb. 5 














NICHOLSON AND SON’S VERTICAL 
ENGINE. 


To Tue EprTor or ENGINEERING. 

Srtr,—In your description of our vertical engines at 
the Liverpool Royal Show, a slight inaccuracy occurs as 
regards the a ment of the pump, which if you will 
please correct we s feel much obliged. You say ‘ both 
the suction and delivery pipes from the pump are fitted 
with cocks, the two cocks being coupled so that they open 
and shut together. This is scarcely so good or simple an 
arrangement as that now generally ow our portable 

ine makers, in which the amount of feed sent into the 


boiler is by opening or closing a cock in an 
overflow pipe leading from the delivery, the pup aues 
working with a charge.” It is the o w and 


delivery pipes which are both thus fitted in our es, 
and not suction and delivery ; the cock in this latter 
pipe is between the check feed valve and the boiler, so that 
when it is closed the valve can be withdrawn and examined 


po en ne gen me pe 
was a 

wih whieh aummenenh, Ge abaee dock sates ganache 
examined when under steam. 


Yours truly, 
W. N. Nicnoison ann Son, A.T.A. 
Trent Iron Works, Newark, England, July 16, 1877 


THE MISSISSIPPI RIVER IMPROVEMENTS. 
Report of Capratn J. B. Eaps to Mr. Junius 8. WasH, 
President of the South Pass Jetty Company. 

S1z,—I have the honour to submit the following report 
upon the improvement of the South Pass of the Mississippi 
river. 

Head of Pass.—The on the shoal in the river ob- 
structing the entrance to South Pass was 14ft. or 15 ft. at 
low water when the jetties at the mouth were begun. 
Until late in October of 1876, this shoal remained almost 
intact, while the channel between the jetties, 12 miles dis- 
tant, had rapidly improved; and although 20ft. of water 
could be carried out of the pass to sea, this was not avail- 
able for commerce because of the shoal obstructing the 
entrance at its head. 

To create a channel through this shoal an additional 
system of works was designed and constracted at the head 
of the " joclaing two subm mattress sills, 2 ft. 
thick, 70 ft. wide, and each over ft. loi These were 
sunk on the bottom of the river across the entrances to 
South-West Pass and Pass 4 l’Outre. The South Pass 
c only about one-tenth of the entire volume flow- 
ing —< the three posene, ond Ses en were dovienes to 

reven any enlargement o' e two grea es, and thus 
a the scou action on the bottom of the new 
channel into South Pass. They are laid in deep water, 
and 30ft. of depth can be carried into both ses over 
them. They are well ballasted with stone, and soundin 
show that the bottom of the river is now level with the 
tops of the sills. They will, therefore, be likely to remain 
permanently in their present position. These sills diminish 
the entrances into these two great passes about 7000 square 


feet each. 
The works at; the actually embrace and control the 
entire discharge of the Mississippi river which, is at this 


point one mile and three-quarters wide. They, therefore, 
surpass in magnitude any similar works in the world. By 
them the wide funnel-shaped entrance to South Pass has 
been permanently converted into a narrower and el 
one of 850 ft. in width. With the exception of the east 
dyke, they were commenced after the flood of 1876 had 
begun to subside, and in October had so far progressed as 
to control the flow into the . The use of di 
boats was then resorted to on the centre line between the 
parallel piers within which the new channel has been form 
to hasten its development. These succeeded in cutting a 
narrow channel of about 20 ft. in depth through the shoal ; 
but owing to the exceptionally low stage of the river a’ 
this time, the current was so feeble that but little impres- 
sion was made by the river through this cut, and 
on the Ist of February it was not sufficiently widened 
to be available for vessels drawing over 15 ft. or 16 ft. 

As the present —_— of the bar at the mouth is no greater 
than it was when the works at the head were completed, 
nor indeed as great, the;cause which interrupted the deepen- 
ing that had previously proceeded with such remarkable 
regularity between the jetties, will be fully understood 
when the effect of the works at the head of the pass is 
considered. 

Before the works there were built, the width, on the 
crest of the shoal, of the volume of water flowing into 
South Pass, measured transversely to the current, was 
2400 ft. A concentration of this volume between parallel 
piers only 850 ft. apart was relied on to secure the re- 
quisite depth of channel through the shoal, but this con- 
centration (as will be seen by a chart of the works) could 
only be obtained by the erection of dams and piers which 
greatly diminished the flow into the pass, and thus, for the 
time being, completely suspended the erosive action of the 
current between the jetties 12 miles below them. 

During November, December, and January last, owing 
to the extremely low Mey oh the river, we were not jus- 
tified in expecting scour h the works at the head of 
the pass, but were prepared to find deposits in the pass, and 
also between the jetties. To rob the pass even tem i 
of so large a portion of its water as was for the time 
barred out by our works at the head, sey ee 
its current and caused considerable deposits to be thrown 
down during the time so much water was excluded: 

Under these circumstances the rise in the river was 
looked for with considerable anxiety. It occurred about 
the Ist of February, and, as was expected, soon caused a 
rapid enlargement of the channel through the shoal that 
had for so many years obstructed the entrance into the 


pass. Seventy thousand (70,000) cubic of sand were 
Sr tem by the current during the seven days of 
ebruary. 


ince that date,'as the charts sent to rom 
time to time show, the enlargement of the danatl Gemeah 
the shoal has been going on with t rapidity, and up- 
wards of 450,000 cubic yards have | excavated from it 
up to the present time. 








pen 
shafts (internal and external) direct from single 
Tekeaiel net el eee opposite dir 


whilst steam is up, without either stoppi = ae 
pump, wilth io chwaye working with charge. ‘ 


The following Table gives in detail the © of it 
enlargement to May 23, 1877 : 
tree league 
oO , o! . 
Date of Survey ahaunal channel. 
February 1, 1877 30 
February 8, 1 250 
March 1, 1877 360 
March 16, 1877 ose 370 
any Ae 1877 ove 415 
ay 6, 1877 on we 415 150 
May 14, 1877 oo -- 420 170 
May 23, 1877 p «. 420 190 
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No detailed survey has been made of the head of the 
pass recently, but occasional soundings show continued 
enlargement. The works there will need no further ex- 
penditure this year, and the entire force employed in their 
construction has been discharged. : 

Althongh the February rise soon declined, and the next 
one did not come till the middle of March, the relief which 
the sudden enlargement of the entrance gave to the whole 
pass below, was readily observed in the channel between 
the jetties. The river water was heavily charged with sedi- 
ment, but no new deposits were found in the jetty channel. 
During the month of Febr little or no change between 
the jetties occurred ; the least depth on the bar was 20.04 ft., 
and the least width of the 20-ft. channel was 130 ft. 

The Jetty Channel.—By the end of February the re- 
storation of the full flow into the pass was felt in the jetty 
channel. Early in March a scour commenced in the upper 
portion of the jetty channel, and the enlargement of the 
channel very soon assumed remarkable dimensions. This 
enlargement has ually extended down, and is now at 
a point 9000 ft. below the upper end of the east jetty. Its 
greatest depth on the 22nd of June was 89 ft. ata point 
about one mile below the upper end of the jetty, and where 
the United States Coast Survey map of 1875 shows a depth 
at that time of only 13ft. The width of the 22-ft. channel 
through this 9000 ft. varies from 300 ft. to 500ft. The 
30-ft. channel is at one place 500 ft. wide. No scour occurs 
near either jetty, the deepening being confined to the 
central part of the channel. 

To this extraordinary scour is to be attributed a slight 
deposit at the lower end of the jetties, which was ob- 
served to take place simultaneously with the scour in 
the upper portion of the channel. Careful estimates 
from a survey made in May show that since the end 
of March 544,103 cubic yards had been scoured from 
between the jetties above station 80, while only 77,315 
cubic yards of this amount have been deposited below 
that point near the sea ends of the jetties. The balance 
—466,788 cubic ponds, or 86 per cent. of the whole 
scour—was completely transported into the gulf, and has 
been carried by the current far beyond the reach of our 
surveys. 

Expressed in a more graphic form, the amount moved in 
58 days from between the jetties in a distance of 5000 ft. 
is equal to a mass of earth 900 ft. in length, 544 ft. in 
breadth, and 90 ft. high. ‘This is equal to 9881 eubic yards 
removed each day. 

When we consider that the volume of water charged 
with this enormous quantity of sedimentary matter (in 
addition to what it had brought down from the river to 
the jetties) had, just before entering the gulf, to travel up 
a slope against the tides and winds, the fact that only 
14 per cent. of over half a million cubic yards of sand was 
dropped before it reached the end of the jetties, is one of 
the most encouraging features yet developed in connexion 
with the jetty improvement. 

On the 25th of April, the 22-ft. channel, 200 ft. wide, only 
extended uninterruptedly down between the jetties to 
station 68; or 6800 ft. Forty-eight days afterwards, 
June 12, it had enlarged to 300 ft. in width and then reached 
to station 90, or 2200 ft. further down than on April 25, 
thus averaging nearly 46 ft. per day in its progress to the 
sea. As the next payment from the United States will be 
due when a channel 22 ft. deep by 200 ft. in width is obtained 
through the jetties, the rate of enla: ent since 25th 
April furnishes a basis on which to found a reasonable 
expectation as to the time when the next payment will be 
earned. The distance yet to be enlarged to 32 by 200 ft., 
and thus give achannel of that size through to deep water, 
was on the 12th of June 3000 ft. At the rate of 46 ft. per 
day it should be through by the 16th of August. On the 
20th of this month the 22 ft. channel had reached a point 
only 450 ft. from the deep water of the sea, but below 
station 90 it had only a width of 140 ft. 

_ The Gulf in Front of South Pass.—A careful investiga- 
tion was made last month of the condition of the gulf bottom 
directly in front of|the jetties, in order to ascertain what 
effect an almost uninterrupted scour of nearly two years’ 
duration would produce. ie area of 51.7 acres extendin; 
2730 ft. seaward from the old crest of the bar was cove 


with a large number of soundings accurately located by | pass 


reference to the triangulation stations of the United States 
Coast Survey. The results of this examination were then 
compared with the chart of the coast survey of May, 1875, 
when the following results were ascertained. 

The volume of water within this 51.7 acres, directly 
beyond the old crest of the bar, was : 

In May, 1877...............2;878,849 cubic yards. 
_ In May, 1875...... ...1,970,849 »” 

showing a gain of water within this area in front of the bar 
of 417,000 cubic yards, which is equivalent to an average 
increase of depth of very nearly 5 ft. over the entire area 
investigated. May, 1876, a similar examination had 
been made of the same area, showing an a e gain in 
depth from May, 1875, to May, 1876, of 2.47ft. From 
May, 1876, to May, 1877, the ave: gain in depth was 
2.52 ft. These facts seem to piven prove, that as the 
compact discharge from the jetties increases in depth by the 
erosion of the bar, the moving prism of river water compels 
the sea current which is almost constantly passing under 
it on the outer slope of the bar in a directign transverse to 
the river’s discharge, to scour out more room for itself 
under the outflowing volume from the jetties. 
_ The apprehended reformation of the bar in front of the 
jetties is Shown by these facts to be unfounded; and it, 
together with the fear that the pass itself would deteriorate 
ny fenhigs under the effect of the jetties, may be laid aside 

Condition of the Works.—The jetties are in excellent 
condition. The works have been constructed under the 
— . by mm : m of Cotvadl Joma Andrews, who had 

} June an un large force employed. 

The portions rhicl had sunk ie oe Mesto Mmm gc 








mattresses owing to the deposition of sand and other sedi- 
mentary matters in the mattress work, have been built up 
above high tide, entirely out to the sea ends of both jetties. 
The recommendations of the commission of United States 
engineers, who, under orders of the Secretary of War, in- 
spected the South Pass improvements last November, have 
been carefully observed, and the jetties have been well 
ballasted with stone, as by them. The grant is 
being executed in ect good faith, and the structures, 
as far as then completed, were acknowledged by this com- 
mission to be of the permanent and substantial character 
required by law. 

The works have been thoroughly tested by some very 
severe storms since last December, but with the exception 
of the destruction of a few mattresses at the sea ends of 
the jetties, which had not been previously ballasted with 
stone, the omy se to them was ver — 

Some anxiety been expressed as the destructive 
effects of the toredo upon the willows and piles used in the 
construction of the works. Fears upon this point are 
groundless, for the reason that the toredo does not attack 
wood covered with sediment. The piles used in the work 
constitute no part of the permanent jetties. The core or 
interior of the jetties is formed of jwillow mattresses. 
These become completely filled with sediment so soon as 
the current ceases to pass through them. Their exposed 
surfaces are covered with stone ballast which in like manner 
becomes filled with sediment, and this completely protects 
the willow work from the attack of the worm. 

The various surveys referred to have been made under 
the supervision of Mr. E. L. Corthell, resident ineer, 
and Mr. Max E. Schmidt, chief assistant, aided by Mr. 
Webb and Mr. Morton, assistant engineers ; toallof whom 
Iam much indebted for prompt and intelligent co-opera- 


tion. 

Official Orders.—I take great pleasure in stating that 
the honourable Secretary of War issued such orders]as 
will permit the | pom delivery to me of the results of 
examinations and surveys made from time to time by Cap- 
tain M. R. Brown, United States Engineer Corps, United 
States inspecting officer of the jetties. He has also directed 
Captain Brown to establish such regulations for the 
navigation of the pass as will protect the tugs, barges, 
&c., of the jetty contractors from injury by the too rapid 
movement of the steamers using the pass. 

Results.—Our works were begun two years ago in an 
unused outlet of the Mississippi river, and have n ily 
disturbed the regimen governing the outflow to the sea of 
an enormous volume of water; but the theories upon 
which they were based have been f vindicated by the 
results produced ; and it is now ifest that entire and 
complete success will reward our labours. Among the 

rominent results developed by our operations are the 
ollowing : 

1. The concentration of the water flowing across the 
sand bar at the mouth of the pass by the jetties created 
a channel over 200 ft. wide, in no place less than 20 ft. deep, 
where only about 8 ft. previously existed. 

2. The concentration of the water flowing over the shoal 
in the river at the head of the pass created a channel over 
400 ft. wide, in no part of it less than 20ft. deep with the 
one part 30 ft. deep, where but 14ft. to 15 ft. previously 
existed. 

3. During the time in which a portion of the flow into 
the pass was interrupted by]the works at its head, and 
the current consequently slackened, a temporary deposit 
took place in the pass and between the jetties. 

4. The gradual restoration of the norma! flow into the 

ass through the new channel at its head has already 

egun to enlarge the pass again, and has, since this re- 
stored flow commenced, removed from between the jetties 
within the past three months over half a million cubic 

ards of deposit, and given through more than half the 
Tength of the jetties a much larger and deeper channel 
than ever previously existed, the size of which is already 
throughout more than 2000 ft., 28 ft. by 300ft., or that re- 
quired to entitle us to the fifth payment from the United 
rN while many hundred feet of it exceeds 30ft. by 
350 ft. 


5. The gulf current athwart the jettied mouth of the 

effectually prevents the reformation of the bar in 
advance of the jetties by deepening the outer slope of the 
bar, and sw away any such portion of the discharged 
sediment as the river current fails to carry to unknown 
distances seaward. 

6. The Mississippi river at the head of the passes, where 
it has a width of over 9000 ft., is brought under complete 
control by our works, which are so designed as to enable 
us to increase or limit the discharge into our pass, if here- 
after necessary, wit but little additional outlay. 

7. Finally, I may add with absolute cortainty, that this 
entire system of works is now so far comp! that no 
financial difficulties can intervene to arrest the processes 
of nature which are constantly operating to enlarge and 
perfect the desired channel through them. 

Jas. B. Eaps, Chief Engineer. 


NOTES FROM THE NORTH. 
: +» Guascow, Wednesday. 
Glasgow Pig-Iron Market.—The pig-iron market was 
steady last Thursday forenoon, when 2 oars was done in 
warrants at_54s.4d. one month, closing with sellers at 
54s. 44d. one month, and 54s. ‘8d. cash, buyers near. There 
was no market in the afternoon on account of the return 
of the Glasgow Fair holidays, and for the same reason 
the business of the iron market was completely suspended 
on Friday and Monday. Business was resumed on Tues- 
day morning. The market was quict, and a moderate 
amount of was done in warrants at 54s. 1d: to 
54s, lid. cash, also at 548. 24d. to 54s. 3d. one month, 

with buyers at 54s. 1}d. cash, and 54s. 3d. one 

In the afternoon business was done 3d. 
one month, buyers 54s. cash; and sellers 54s. 2d. 
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for shipment is in moderate demand 
pa weeny inet es hoped that, whi 
upon the » but i when 
olidays are over, and with the near approach of 
autumn trade, there will be a little more activity in 
the market. Last week’s shipments of pig-iron from all 
Scotch ports amounted to 7472 tons as ag ip te tons in 
the coi mding week of last year. Up till last Friday 
night the total stock of pig-iron with Messrs. Connal and 
Co. was 145,197 tons, thus showing an increase of 180.6 
tons during the week. The total number of blast fur- 
naces in operation is still 109, as against 117 for the same 
date last year. There is still some talk of blowing out 
more furnaces, owing to the limited demand for pig-iron 
and the persistence of the miners in asking for an advance 
of wages. 

Aberdeen Harbour Works—Completion of the North 
Pier Extension.—Early last Th y morning the work- 
men employed at the North Pier extension works, Aber- 
deen, began the operation of filling the last box needed to 
complete the present extension the pier, and before 
nightfall the receptacle constructed to receive the concrete 
was filled, about 900 tons being required for this purpose. 
The first box for this year, containing about 1000 tons 


and extending for about 37 ft., was successf laid about 
a fortnight ago, and the one put down last Thursday will 
mnensure enoterihth,. ening tal length added duri 


the present year 57ft. The box filled last week is in the 
form of an i triangle, and is shaped like a buttress, 
slightly southwards of the of extension. 
we ft. extension is now completed, and it remains to 


seen whether any addition is to be miade to the struc- 
ture. It will be decided at the next meeting of the Harbour 
Commissioners whether this addition will be made, or 


whether the end of the present extension will be finished 
off. The tunnel which it is pro to construct alo: 
the entire length of the pier will not be commenced un’ 
it be seen whether the work of extension is to go on. 


Proposed Extensive Railway Works and Breakwater 
for Gowrock.—At |the ordinary meeting of the Burgh Com- 
missioners of Gourock, held on see a ost 
Binnie submitted a rough sketch of a line of railway to 
that very pepele wai -place, coupled with a break- 
water for en the ur. The scheme uniene 
the extension of the Greenock branch of the 

Railway (the present terminus is in the centre of that 
town) to Gourock, a di of about three miles, and 
the formation of a breakwater to extend from below Fort 
Matilda to the present at Gourock. This break- 
water, it is thought, may be formed from the débris pro- 
cured in tunnelling and levelling the railway. It is to be 
60 ft. wide, and will, when formed, enclose Gourock Bay 
as a safety harbour for vessels of ali sizes. Jetties are to 
be run out from the railway to enable vessels to discharge 
cargo in immediate connexion with the trains. The scheme 
is peg! a bold one, and will, it is believed, be car- 
ried out, in the first instance, by a limited liability com- 
pany. The estimated cost of the railway is somethi 
ike from 350,0001. to 380,0001., afid it is estimated 

the breakwater will involve an expenditure of an addi- 
tional 100,0001. 


_ The Tay Bridge.—On Thursday last, another of the large 
rders of the Tay Bridge was floated out from the works at 
ormit Bay, leaving only one more of the largest size to 
be placed, and two small ones. There is thus every prospect 
that 8 trains will be running across the fay in the 
month of October. Great has lately been made 
with onde. aie work of the bri , and the alls are being 
rapidly laid. The nervous and people will be glad to 
learn that it is the intention to test the bridge for some 
time by running goods trains upon it exclusively. 


NOTES FROM THE SOUTH-WEST. 
Severn Bridge and Railway.—Favourable weather 
The bridge is elven Booming oo ye ome 
is an in ; 
a Mr. 1 (the pcre we of 


and by the courtes 

Messrs. Hamilton, the bridge .contractors 
prietors), persons desiring to cress the Severn at low water 
are ena omnes Soe ae pane ae 
the permanent way. The approaches are progressing, an’ 
the masonry, of Forest stone, is quite a feature of interest 
in this feat of spanning the Severn. 

Labour in Wales.—It has been agreed that if the men on 
strike at Ogmore finish the present month at a 10 per cent. 
reduction, they shall receive the old rate of wages at the 
commencement of next month. delegate meeting 
held at Aberdare on Tuesday to consider the necessi’ 
union among the colliers in the valley, but nothing i 


was decided on. 

Proposed Naval College at Dartmouth.—The 
the Admiralty have Geched to erect a naval co 
Dartmouth. An application will shortly be made 
liament for a grant for this purpose. - 

Sulphur Springs.—A disco of sulphur —— 

upon the mountain mi ber ly w. some entre 
Eo finial en inte tas es 
an leys have visi i scores 
to drink and Sear Msece 6 oe eee 
situated in the of a peaty bog directly opposite the 
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ROTARY PUDDLING FURNACES. 

We have been favoured by Mr. Menclans, of Dowlais, | 
with the following letter from Mr. Roe, together with a | 
ing referred to in that letter, and which we reproduce | 


to a reduced scale in the annexed engraving. «As a con- 
tribution to the early history of rotary furnaces, 
the facts stated are of interest. 


William Menelaus, Esq., Dowlais. 

Sir,—Enclosed is a tracing of a puddling furnace with 
rev bottom. This copy was made by my late brother 
James about the year 1838. The original drawing was in 
existence at Dowlais in the 1 to my knowledge, 
how much earlier I know not, as the drawing, a very well | 
finished one in plain lines, bore neither date or signature. 
It seems to con the germ of much that has been done 
of late years. With compliments of the season, 

ba | truly yours, 
Blackhill, Durham, December 27, 1876. J. W. Roz. 


NOTES FROM SOUTH YORKSHIRE. 





uestion was ht forward, and the chairman stated | 
that the estimated cost of the proposed new works was | 
about 20,0001., which sum would not include the probable | 
cost of the engineering, arbitration, or other expenses. 
They had had to give up the idea of — > meadows | 
at Osberton belonging to Mr. Foljambe, M-P., but had | 
obtained suitable land at Manton from the trustees of the | 
Duke of Newcastle—one of the trustees being Mr. Glad- | 
stone. The Board then passed a resolution applying to the | 
Local Government Board for powers to borrow a sum of | 
25,0001. to be applied to the carrying out of the drainage 

schome. 


Midland Institute of Mining Engineers. — The an- 
nual meeting of the members of this Institute was held | 





last week at Barnsley, Mr. Embleton presiding. The | 
report showed the society to be perous in its oes, 
and to have 250 members on its The report of the 


committee on coal-cutting machines was received and 
ordered to be printed. Various papers were held over. 


South Yorkshire Coal for the Swedish Exhibition.—At 
the Aldwarke Main Colliery, of John Brown and Co. 
(Limited), Sheffield, a solid block of coal 10 ft. 4in. 
Jong ft. broad and 2ft. 6in. thick, weighing 3 tons, 

and sent to the 


by 3 
has been & from the Barnsley seam 
— ~ 9 at Stockholm. p t : 6 monte 
iery, a measuring 5 ft. 3 ft. 8 in. 
broad and ing 14 ton, has been got for the same 
purpose. 

Rotherham New Markets, §c.—The Rotherham town 
council have accepted tenders for a new covered in market, 
amoun in the aggregate to 6028/., and for new abattoirs 
33001. The same council have also preliminarily resolved 
‘to apply for sanction to borrow 18,5001. for the construction 
of new markets, streets, &c. 


CLEANsINe Pusiic Buripinas.—The West End Branch 
of the Bank of England, in Burlington Gardens, has just 
been cleansed outwardly by one of Messrs. M r 
and Sons’ ay aye ee atte cual woke Died 
one as contrasted by several weeks’ labour i 
adh os —— | 
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CYLINDERS OF THE U.S. REVENUE STEAMER “DEXTER.” 
(For Description, see Page 53.) 
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LOCOMOTIVE thge me Career | 

AxsouT a year ago (vide s 519, 581, and 567 of our 
twenty-first volume) we published a report on boilers and 
fireboxes made by a committee of the American Master 
Mechanics’ Association, and we now reprint from the Rail- 
road Gazette a rt, made to the same Association, which 
may be conihaarel as a continuation of that already pub- 
lished. The facts it records are of much interest. 


Report of Committee on the Best Material, Form, and 
Proportion for Locomotive Boilers and Firebowes. 


At your last annual convention, held in the city of Phi- 
ladelphia, May 16 and 17, 1876, we submitted to youa 
report embracing the above subjects, and the Association 
deemed it proper to continue the committee with one or 
two exceptions, requesting that we continue the investiga- 
tion of these subjects and report to you the result. 

Your committee issued a circular requesting information 
on the several subjects named therein, which was sent by 
the secretary of your Association ‘to all the superintendents 


vicinity of the anthracite coal region in vania. 
This being the case, our oy were more ] 
directed to determine the material for fireboxes in 
This sui was treated at considerable in our 
report to the last annual convention, and all the informa- 
tion we have obtained since that time in our investigation 
tends to confirm the opinions and conclusions expressed in 
that report as to the best material for fireboxes, and the 
causes that uently result in unexpected failure of some 
of the sheets. In answer to our inquiries red ge is 
almost unanimous that steel is the best mai for the 
sheets of the firebox, notwit ing sheets occasionally 
fail from rupture. Tron was thoroughly tested before the 
introduction of steel, and the results, on the whole, were 
unsatisfactory. yom pte on extensively used for a time, 
but it was found to be expensive and not free from defects, 
the principal being its liability to wear away and become 
dangerously thin at points in contact with the coal, and 





yet show no outward sign of being in that condition. 
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of motive power and master mechanics in Fig.4. Fig. 5. 
the United States and C . Yet we are ; : ’ 
sorry to report that, out of all that number, nO (oR Coin e¢ * Oi SHDLOD, BICUS 
but seventeen, including the members. of 19 ©CC COO AC A OO © 060000 6 
your committee, made any reply thereto rijoro 009002700 D A © Oo °° 
We do not deem it necessary to insertin. { !'5 9 9 oc o G00 Oo a Ry 
this report the circular referred to, and BOD Sites ao to go ee eae agg 
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two exceptions all express themselves de- a or Be ge, Maa as -" 7 
cidedly in favour of steel for the shell of ' ps ol . 
the boiler. It is superior to iron in strength 2 9 O18 BP oBeve wey @ 2.0 
and less difficult to shape and put ther, ooo 0 2-9 Q: 8,9 ® ° ° ° 
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for this purpose are the most decided in pre- 
ferring it. 

Not a single instance is reported where steel in the shell 
of a boiler ‘has ruptured when cold, or in heating up, or 
from putting cold water in the boiler while hot, as so fre- 

oently occurs in the case of the sheets of the firebox. Mr. 
Sedgley, of the Lake Shore and Michi Southern, re- 
ports one steel sheet in the shell of the boiler to have 
cracked or broken in the way common to iron sheets in 
such cases, caused. by imperfect construction or form of 
the boiler. Mr: Fry, of the Philadelphia and 
Erie road, rts five steel sheets in the shell of boilers on 
that road to have cracked during the year 1876, but that 
in every case it was believed to be the result of bad work- 
manship or bad design in the form ‘and ing of the 
boiler, and not from the quality of the steel. These cracks 
are represented in Figs. 1, 2, and 3. 

Your committee believe that the material in the shell of 
boilers should be heavier than that in general use; that 
a greater stiffness and surplus of strength would add 
greatly to the length of time that they can ordinarily be 
used with safety, and lessen the cost.of keeping them in 
repair from year to year. As the elastic limit of steel such 
as used in boilers is not much, if any, above that of iron, 
the same thickness of steel should adopted as in the 
case of iron, notwithstanding its superior toughness. It is 
important that boilers should be so formed ‘and stayed 
thet with the highest pressure carried no part of one will 
change its original shape in the least by reason of the 
pressure. A change of shape in one direction by pressure, 
and returning again to its original position when the 
pressure is released, will sooner or later result in a crack. 
‘The samé is true when braces are attached in such a way 


that the sheet is drawn from its true ‘pogition by the 


strains from the brace. In designing and constructing 
boilers, these matters should always receive the most 
careful attention. : 3 

Those who have had much experience, and Have given 
the matter close attention, give it as their opinion that 
steel, being more compact than iron, is less liable to 
waste away from corrosion, and in that respect it is to be 
ae rm ae the Pe ene red _ to al ae 
we is idly taking the iron for 
the shell of the pales 4 : 

, Best Material for Firebowes.—The fuel used in locomo- 
tives in the United States is mainly bituminous or a semi- 
bituminous coal, if we except those on roads in the 








We believe that experience has shown steel to be the 
best material for firebox sheets, all things considered, in 
the use of coal for fael, presuming the steel to be of a 
er ee 

We in many cases where steel has failed that it 
was not of proper quality for the purpose, being. too hard 


and brittle. 

_ It isnot to be expected that steel or any other material 
in a firebox will last indefinitely. If steel renders more 
service than any other material, for the same cost, then 
we may conclude that it is the best, yet it is important to 
know whether at ‘present we are getting all the service 
from it that it is capable of rendering, and if not, how can 
we obtain more. 

If it were not for the tendency of steel firebox sheets to 
rupture suddenly and unexpectedly, we might consider 
that we had as perfect a metal as we could expect to pro- 
phe any reasonable cost, and not much more be 

esired. 

From the reports made to us we find that ru of the 
sheets is still of frequent occurrence, ranging from 1 to 10 

r cent. year of the whole number of firebox sheets 
in use, exclusive of the crown and tube sheets. In nearly 


many cases 
sey sod ep 
that in cases re y him ro 
the boilers were cold. The engines 
229,233 


mileage, the lowest 5482, hi 

average was 100,369 miles. Mr. Charles R. Peddle, of the 
Vi ia line, reports ruptured sheets 
the time, 
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ing through 
about 34 in. long.” 
sheet cracked, the door s 
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crack, beginning 
through four en and 
e right horizon’ 


10 in., and to t 


made a previous 
miles, and the | Two 
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: 87 side sheets, 3 door sheets, 2 tube sheets, and 1 
crown sheet, and that in nearly every case the crack is 


It will be noticed that where rupture occurs it is 
in the side sheets, and not far from the centre of the } 
of the box, and the direction of the crack is invari 
vertical ; ina few cases, however, diagonal a part of the 


These facts accord with those obtained and presented in 
our last report, and we only refer to them again as con- 
firming the statements made therein. 

It is always safe to conclude that in matters such as that 
uni eration, nothing ever occurs without a cause. 
Then if we find that 37 side sheets crack, to 3 door sheets 
and 2 tube sheets, it would seem that there must be some 
i on the side sheets that does not to so great 

e others, and that cause operates mainiy in 

ing to uce repcane fai a vortenl 


fire- 
Seca Mawone ca tell oe bh = — 
ves, we some facts presented by * ames M. 
Boon, of the Pittsburgh, Fort Wayne, jicago Rail- 
way in his report to your committee on this 
Boon says : 
"If aide shoots crack from expansion, then channels {in 
oe eet, wee Boer ee be. 

. ButIam prepared admit that 


to 
sheets is caused by expansion. 
t the hes caused 


root (im stosl), after \in service three mont 
Two months after the other si ect 
tinued to crack until a mileage of 


boxes have made a mileage, 
other 325,171 miles, and not a crack or defect in 
Steel from same manufacturer aa the 
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stiff place in the sheet, and the expansion must no harm results to it, and such strains may be continued boiler observed every half hour, and the observations of the 
have Silo. hes}. on a. mete, Speen) stuein, Shen | ndeiaeey withowt i Go teeny, Bab E -cash) eant, of Be ones _ by a counter kept goi 
would have been with the single sheet. It u have broke | limit is exceeded, then permanent i com- ugh the trial. The quantity of gas passing was 
or leaked. It did neither. Another thing which makes me/| pression to that extent, is the result; and if at one time | hourly from the station meter , and all possible care 
think the trouble is in the steel : a sheet that is to permanent e! ion is produced, at the | was taken to avoid error in 
will show defects before the fracture takes A sheet | same part is s med by compression—alternating in| Good Welsh steam coal ) was used on the day the 
of steel that will bulge out or cushion between stay-bolts | direction—then it is only a question of mage genre Oe ing engine was at work and gas coke with the non- 
soon after the firebox goes into service will give trouble. | metal as to when will occur. The metal condensing engine. obtained were as follows 
When this cushioning appears, ou may as well get your} adapted to resist these destructive forces will last longest 
oops , for you them soon. There have | and that least so the shortest time. Le | 

cases Ww occurred with no cushioning of : q gan% 
sheets. In these instances the commenced (To be continued.) aS zee 
on water side of the sheet, which will full of minute 3s #38 
cracks, which ually e' until the sheet gives away. ° § - ir oh 
The fire side of the sheet will be smooth and free from TIN sé 8. S 
little if aee te + th thee fail . Wthe ~ randy ee a4 : 2 
ittle if anything to do wi' ailures. es | Some Experiments upon Power and Fuel expended ‘ f 8g: 
that have aren the most trouble were in service where the 79 hausting Pm a ope Fe =x O84 
best water was. Have known crown sheets to have scale By 0. Woopan 2 : 

4 in. thick on them and sag;down in consequence. The bars yo —r . .,, | Durationoftrial ..  «.. 10 hrs. 10 hrs. 

were taken off, sheet cleaned and s htened back to| _ IT has happened at various times, and especially within | Average pressure of steam 28% Ib. 36 Ib. 

original position without cracking or ing in the least. | the last few weeks, that I have had occasion and <n », speed of engine ...| 29} revs. p.m. |80.6 revs. p. m. 

From my experience with steel fireboxes, extending over | to make some careful experiments upon the power om »» indicated horse 

more than six years, I am fully convinced that nearly all| ‘to drive exhausters doing a certain amount of work and} power ... 04 Sa 25.9 21.9 

the trouble from steel plates breaking is caused by some| Upon the most economical way of obtaining that power. | Gas exhausted per hour .../108,800 cub. ft./106,140 cub. ft. 

defect in the steel i ; and believe it will be overcome | Im offering to the Association the results of those experi- | Vacuum inlet exhauster ... 3 in 3 in. 

by manufacturers devoting more care and study to its pro- | ments I am influenced by a page thee yp Ay prove of | Pressureatoutlet exhauster 40} in. 38 in. 

duction.” interest and service to the mem and by the cir-| Totalfuel used ...  .../(coal) 15561b. |(coke) 22381b. 
Your committee believe that the explanation given in our | Cumstance that there is so little published data on the| Fuel per square foot of 

report of last year as to the causes that sometimes result in | Subject. : - ese firegrate per hour ......... (coal) 8.6 lb. |(coke) 12.43 Ib. 

rupture of the sheets in the manner, for instance, as that Beyond an interesting article in ExGINzERING of May | Fuel per indicated horse 

stated by Mr. Peddle, is correct. It is self-evident that at 21, 1875, founded upon some experiments made by me at power per hour ... ...{(coal) 6.0 Ib. |(coke) 10.22 Ib. 

the time of rupture that part of the sheet is under tensile the Vauxhall Works, and to which I shall, with your per- | Percentage of dirt 7.1 per cent. | 10.0 per cent. 

strain to a degree sufficient to pull it apart, and as a con-| mission, refer in the course of my remarks, I do not know | Feed water temperature ... 60 deg. 62 deg. 

sequence the part of the sheet surrounding it must be under | Of any such data. This.being the case it is hardly to be oi evaporated, 

a strain of compression. Otherwise, tensile strain could wondered at, that there is apparent in different gas works| to ace ane e| 14,244]b. 16,700 lb. 

not exist. It is also evident that these opposite strains in| ® vast difference in the plant provided for driving ex- | Feed water evaporated per 

the sheet did not exist when it was put in its , new, | hausters, andeonsequently in the money spent thereupon. hour or ane ‘id 1,424 lb. 1,670 lb. 

in the box, as ing effectually relieves any strain that e my experiments have been made with three dif- | Feed water evaporated per 

might be prodaced by working it into shape. Then if no | ferent types of e es, the exhausters have all been of the| _ ind. horse power per hour 55 Ib. 76.25 Ib. 

strain existed in the sheet when new, what has occurred | 8ame class, viz., the o rotary exhauster patented | Feed water evaporated per 

to it to bring a part of it under a tensile strain sufficient to| by Mr. Beale, and subsequently altered and possibly im-| pound fuel ai +-|(coal) 9.2Ib. (coke) 7.46 Ib. 

rupture that part, and how was this condition b ht | proved by several makers. I know that many engineers| Fuel used per 1000 cubic 

about? We endeavoured to explain our views on this | who have used other forms of exhausters claim for them} feet passed i ...{(coal) 1.43 (coke) 2.11 
int at considerable length in our last year's report, and | advantages over Beale’s, but into that matter I have not | Water eva rated, do. 13.1 15.75 
not deem it to enter into any extended -re-! had opportunity to examine. What I have attempted to | Indica’ orse power ex- 

marks in this, farther to call attention to a few facts | determine, is the power required with a certain standard| erted, do. = isa 0.238 0.206 


that may have been overlooked. 

Within the limits of the changing temperature of the 
sheets of a firebox in ita ordinary service, say from 50 deg. 
to 350 deg., the expansion or contraction of the metal 
be in exact proportion to its temperature, if free to assume 
a length ral size due to its temperature. At the same 
time the metal is elastic within certain limits. Now if all 
parts of a sheet are at the same temperature, all parts will 
expand alike, and no strain is produced in any part of it. 
This occurs in the case of crown sheets. All of the 
sheet being about the same distance from the fire, the 
temperature in all parts is about the same. If sediment 
collects on it, it is about evenly distributed, and in that case 
if the sheet becomes hotter than it would if clean, it is hot 
all over alike, and no injuri i i reason 

ual sheets 
saan to us as having cracked, but one crown-sheet is 
reported. It was not stated under what circumstances it 
cracked. 
Now, if expansion and contraction have nothing to do in 
produ the strains that result in rupture, as claimed by 
some, it is at least remarkable that defective sheets and a 
quality of steel are so rarely found in the crown of the 
,andas tubeand door sheets. We find that the 
tube sheet of fireboxes seldom cracks in the manner common 
to side sheets. Many roads dt a single case of 
tube sheet having cracked within the past ten years. 
Other roads give the rtion as two tube sheets to 
thirty-seven side sheets. This would indicate some other 
cause for this difference than simply a difference in the 
quality of the steel. 

As previonsly stated, the proportion of door sheets that 
have Y men in proportion to side sheets is only about as 
3 to 37. 


sheets so seldom 
account of > prodacs.rupt being such that 


These sheets 


type to do a given amount of work, and I trust we may 
have from members present some as to others. 

The character of fuel used in these trials has varied, 
steam coal, coke, and_breeze having each been tried. As, 
however, in each case the result is stated in pounds of 
water evaporated per 1000 cubic feet of gas exhausted, there 
is}no confusion in the Tables, while we obtained some 
useful comparative data as to the value of these res 
fuels to steam users. I will now proceed to describe the 
plant used, and the method in which the experiments were 
conducted, and for the purpose of comparison I will with 
your permission briefly quote those already referred to as 
published two years ago. 

First, then, a horizontal non-condensi 
used, the crankshaft of which was con 
shaft of an exhauster designed to pass 1 
gas ae a. : 

Secondly, a beam engine single cylinder condensing 
driving two exhausters, ivan of the — size , as in the 
former case (100,000 per hour) made by Messrs. Burton, 
Sons, and Waller, through a system of geared wheels. 

_The non-condensing engine had a cylinder 12 in. in 
diameter and 24 in. stroke, the beam 20 in. in diameter, 
and 30 in. stroke. The steam was supplied from a i 
boiler 26 ft. long by 6 ft. in diameter, with a flue tube 8 ft. 
~ diameter, and a firegrate 6 ft. x 3 ft.—18 ft. superficial 

The trials lasted for ten hours each day, the engines were 
used for exhausting only, the water being pumped into the 


{ 
ee Sey 


Indicator Diagram from Condensing Beam Engine. 


engine was 
direct to the 
,000 cubic feet of 











Fig. 2. 
Steam 35 lbs 


x 














like > 
on a piece of metal does not h too u 
of elasticity, whether it be of elongation or compression, 





Indicator Diagram from Non-Condensing Horizontal Engine. 


boiler by a — p, worked by steam brought from 

Erciow bo genan ute wionge > tae een ies 
water in ga’ e@ same line at the 

OPP Wg he 
wn at the commencemen , an 

at its close, w the fuel remaining unconsumed, as also 

the ashes and clinkers, were duly weighed. Indicator 

i were taken, the pressure of steam in the 











* Paper read before the British Association of Gas 
rs. 











The same engines were again tested last month under 
rather different conditions. The boiler used was again a 
Cornish one with single flue, its dimensions being 24 ft. by 
5 ft. 9in., flue 3ft. in diameter, with six 2}in. tubes 6 ft. 
long within it. Firegrate 7 ft. by 3 ft. or 21 ft. super- 


tive | ficial 


The non-condensing engine had again to drive its 
100,000 exhauster coupled direct, while the condensing 

ine drove one made to pass 120,000 per hour by wheels 
and shafting, the wheels two to one. Both usters 
were of J. Beale’s patent and made by Messrs. B. 

















Donkin and Co. The results in this case were as follows : 
a Sad a Ba 
goa i a 
7 a ee a4 
ne sie | fig 
~ A b+8 
aueee | duet 
Bae fee 
gSias | £238 
Duration of trial ... ...-| 10 hours 10 hours 
Average pressure of steam| 36.6 lb. 34.5 Ib. 
2 cones of engine 22.25 rev. p. m./62.09 rey. p. m 
orse 
power of 40 diagrams ... 10.33 
per hour ---| 78,000 cub. ft.|'75,000 cub. ft. 
Vacuum inlet exhauster 1.6 in. 1.5 in. 
Pressure outlet _,, 27.7 in. 27.3 in. 
Total resistance ... 29.3 in 28.8 in. 
Coke used, less cinders . 1047 Ib 1288 Ib. 
»» per square foot of 
firegrate per hour sea 5 lb. 6 lb. 
Coke per indicated horse 
power per hour ... ‘ 7.7 Ib. 12.5 Ib. 
Percentage of dirt... vet ao 123 cent. 
Feed water, temperature... 75 deg. 73.3 deg. 
2 evaporated, 
total ine eve * 7,592 Ib. 10,497 lb. 
Feed water evaporated per 
hour ‘ wes mn 759 Ib. 1,049 Ib. 
Feed water evaporated per 
indicated horse power per 
hour ais << &. 56 lb. 101 Ib. 
Feed water evaporated per 
grandeite ts ies 74 Ib. 8.1 lb. 
Coke used per 1000 cubic < 
feet gas = ond 1.34 lb. 1.75 Ib. 
Water evaporated do... 9.7 Ib. 14.0 lb. 
Indicated horse power) 
exerted do. ve on 0.174 Ib. 0.137 Ib. 
Power required to drive en- 
gine alone at speed given 13 LHP. 24 1.HP. 
The largely increased weight of steam per indi horse 
wer required by the non-condensing engine in the second 
frial over the is, I think, explained by the fact that the 
the work was so 








cut-off was the same in both cases, th 
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A comparison of the ultimate results of the two trials feet per hour, and assuming that make maintained thro’ 
shows (as would naturally have been ) that the Fair uality aud sine, weight per the year. = 
wer required per 1000 oubic feet is within ordinary limits chal : ve -:12$ owt. Water to be Evaporated per Hour. 
ly proportioned to the pressure on the outlet of ex- Quantity aaed 3 in 10 hours | 672 1b \° 
Less cinders drawn from fires 78 1b. Non-con «» —- 76.25 x 0,10 X50=381.25 
Needing to extend the treo ng t at the station aoe 599 Ib. Simple om. 56.00 x 0:10 x 50=280.00 
where these trials had determined to put Quantity used per square foot fire- Compound condensing 25.800. paket 00 
down a much more pollen oA engine than those we te per hour Sey eager seks 2.85 Ib. T coke as the fuel to be used, patsing ite 
been using. I therefore advised hase of a com- Ditto per indicated horse power per evaporative power per pound at 7.5 Ib. wats con- 
pound condensing engine, and one of that class of 30 horse hour 2.75 lb. sumption comes out : 2 


wer was ly procured from Messrs. B. 
— and Co. The makers gave a guarantee that the 
—— of steam per indicated horse power should not 
4 Ib. when the engine was putting out about 60 

tore power, the steam in the boiler 50 Ib. pressure. 

'o ascertain how nearly this efficiency had been obtained, 
and Ans with the object of obtaining a few more facts to 
lay before you, I avery careful trial of this engine 
made last week, the details of which I will now describe. 


nominal po 


E iments on 30 Horse Power Steam Engine at 5 sary 
Gas Works, Vauxhall, June 5, 1877, made by Messrs. 
Woodall and Donkin. 

Class of engine, horizontal 
pressure cylinder; steam jacketted. 
Pe a of cylinders, is in. less A, and 20 in. plus 2; 


nd condensing ; low- 





re eth at atzoko, 2 ft. 3 in. and 2 ft. Zin. 

Boiler (new), Lancashire; two flues; draught dividing 
down sides and returning ‘ander bottom. imensions, 
22 ft. long and 6 ft. 2 in. in diameter ; flues 2 ft. 4in. in 
diameter. Grate surface, 21 square feet (each grate was 
reduced from 6 ft. to 4 ft. 6} in. in length, and ashpit 
partially closed with loose bricks to contract air space 

Pressure of steam taken every half hour by t tested 
Bourdon gauges : 


Mean of 21 readings 354 Ib. 
Duration of trial from 9.20 a.m. to 

7.20 p.m.... 10 hrs. 
Veumun on condenser, “taken half. 

hourly .. 28} in. 
Revolutions per minute taken by counter 46.8 


Horse Power. 














Indicated { Hevsoped in ae cy- 
horse power @ linder, averageof 42diagrams 10.37 
Ditto low pressure 42 So 11.52 
84 21.89 
(Indicator diagrams taken from top and 
bottom of each yee every half hour by 
four Richards’ indicators. 
(Initial temperature of deg. 
injection water aver- 
ase of - may pe _ 67.79 
emperature of wa‘ 
bar 4 5 disc ed from air 
P pump, average of 60 
Water from observations ... «. 92.17 
condenser. Rise of temperature in ———- 
condenser 24.38 
i eight of water over 
tumbling bay (3 in. 
Quan- wide), average of 60 
tities. observations ... .. 2B less ay 
Mean comuege 
minute . «» 334]b. 
Pound degrees per indicated 
| _ horse power per minute 372 Ib. deg. 
Walaa “4 rom Quantity discharged per hour... 66 Ib. 
{ > per indicated horse 
jacket, ro ratty per ao a ‘8 3 Ib. 
uantity evapora‘ uring 
* . 5666 Ib. 
Quantiay evaporated per hour... 566 Ib. 
Feed water. per indi- 
cated horse power perhour... 25.8 Ib. 
Quantity evaporated ~ pound 
of coke consumed eo 9.46 lb. 


No water was pumped into boiler. } Soar com- 
menced with water in gauge glass as high as possible, and 


Fig a. 


Fanmm 28%" 




















Fig. 4. 














nists D ms from High and Low Pressure Cylinders of 
Engines, 


essrs. Donkin’s Compound 


finished near the bottom, using in all 9}%in. in 10 hours. 
Feed valve shut off. The contents wert saloulated from 





very a, taken dimensions of inside of boiler, and 
checked by feeding in next day at the same pressure. 


Wei ant ft Dirt and Refuse not ores 
ers. 
Ashes 


20 Ib. 
“tb Ib. 


66 66 Ib. 


or 11 per cent of fuel used. 


No. 1. tons. 8. 

381. mer E RE ITN OT or caer 8 

a ae et a a id +2240=146° == 87 17 

129.00 x 24 365=1130000+-74+-2240— 673= 40 
were made, 


i. the work where the and at "ho 
Remarks. ressures where the consumption of coke amounta 
Fires drawn at beginning and end of experiment. 728, 58, and 285 tons respectively 
Steam used for no other purpose ; all valves tight. ming the coke to be worth 126, ton the co 
Work. ane ay oat would be: No. 1, 1211. 8s. ; ‘No.2, 871. 12s ; No. 3; 
Dri one 1 r hour, J. Beale’s ent ex- 
Bae ny outeide be ri + I need hardly point out that the saving effected by the 


e bearings made Low Donkin and Co., 
by straps through a short piece of s 
Gas per hour (average) 73,300 cubic feet. 
To absorb as much power as possible, the outlet valve 
was closed down partially. 
Pressure on exhauster (average 20 


readings) 48} in. 
Vacuum on exhauster (average 20 

readings) oi i eee ee 23 in. 

Total resistance to exhauster... 51 in. 
Coke used per 1000 cubic feet 0.82 Ib. 
b~ - evaporated per 1000 cubic ~ 

passed 7.72 Ib. 

Indicated horse power exerted. eee -298 Ib. 
Power to drive engine alone .., eee 3} 1.HP. 


It is heeoner | to remember when noticing the result of 
this trial that the engine was working at a disadvantage 
because of the light work upon it in proportion to its power. 
As it was the result was very satisfactory. Permit me now 
to call attention briefly to the points I consider worthy 
of observation arising out of these experiments. 

First, as to the power required for exhausting. Taking 

out from the results the item of indicated horse power per 
1000 cubic feet of gas exhausted, it is as follows ; 
Non-condensing engine coupled direct to exhauster : 
Indicated horse power per 1000 cubic feet 
at 29 in. pressure... 0.137 
Indicated horse power per {000 cubic feet 
at 38 in. pressure... 0. 
Beam condensing engine driving " exhauster through 


Indicated horse ng per 1000 cubic feet 


at 29 in. pressu 0.174 
Indicated horse power per 1000 cubic feet 
at 40 in. pressure.. 
o- ound condensing engine driving. exhauster by straps : 
cated horse power per 1000 cubic feet 
Ra er eae 
ame engine tei in. pressure 1 
24in 0.162 
Average of the five experiments "at 34i in. ies 


pressure 
And from that a I siniiads that, allo for be 
constant of the rorage 09 would become lage 
centage of the whole as the pressure was reduced, 
required to exhaust 1000 cubic feet of gas cgpianh 6 
sure of 15 in. under average conditions is equal to > hem 
— ee ger ae ‘aetal * 
course e@ arrangements for driving are compli- 

cated the power will be greater, and where the exhansters 
are driven direct without the interposition of 
straps it will be less. I would again remark that 
here treating of rotary exhausters of the Beale pattern 
only. No doubt some of the other forms in use req 
less power, while again others may take more. On this 
subject we a something from members present. 

I turn now to the most economical way of o the 


power. Taking out the item of water per 
1000 cubic feet of gas exhausted the figures stand thus : 
Ib. 
Non-condensing against 41in. pressure ... 15.75 
condensing 43 in. pressure .., 13.09 
Compound 51in. pressure ... 7.72 


I prefer, however, to take as the item for comparison 
the water evaporated per indicated horse moet ge Questions 
of gearing or straps or direct action would, of course, affect 
every engine alike, and the experiments’ I have detailed 
show as far as they go to what extent. These are ex- 
pressed, however, in the power exerted, and the steam used 
to obtain the power is the measure of ‘the efficiency of the 


engine. This comparison stands as follows : 
Water Evaporated per Indicated Horse Power. 
lb. 
Non-condensin wngine eee eee 76. 25 
Beam poms ame fon eve pm $8. 4 


Compound condensing | os 
I leave out the second trial of the asia aaa 
bow) gave 101 1b. per indicated horse power for the reason 


Now OE Kies shown that se a wer put 
forth in these y, 0-190 indica Ph Fed 


horse 

pressure thin, mma ‘trials, | The 
Soret bt. which is more near! the average met with 
—- < orks, would give 0.10 as th requisite per 
1000 cubic feet. From this I ded fallowing figuses 
taking for illustration s gaa works making 50,000 cubic 


ve 


se into breechloaders, the United Sta‘ 





. 


use of an economical engine is by no means confined to the 
diminished cost of fuel. The saving in boilers and water 
evaporated may fairly be roa tthe increased cost of 
the engine, but the savi isa clear gain. Inmy 
age hn a en nae Panel, for we found, as soon 


w engine was started, that one-man —— com- 
fortably the work which had fally occupied two ‘before. 
“or of fuel it is often urged that savi in 
thst di moment on a works, 
of ‘coke and breeze is frequently so difficult that 


the disposal 
pie obtained from a smaller sale covers a 
wasteful expenditure. 

With this view I cannot coincide ; the quantity of fuel saved 
will be sold at the market price, and that content us. 
ane. be ve pcp leh doe pote So ‘ 

te'y' eap 


coke as cheap § and I am often’ 
pod nip sevih on tly com ve to maintaiti a hig! a high pce 
for their coke in order t t they may slightly reduce the 


price of their gas. The former is purchased. by 
a number of consumers as the wor 4 tS 
whom a low price is of even grea‘ Say eo teas 
therefore, as the price of gas iO within. the the t pectineasale 
standard, I see no reason for cent oe class of con- 
sumers more than the other. egg 

rose aoe to tbe Asseeletion tion for the bare way 
in which my figures have been presented, and to express @ 
hope that they may possess sufficient interest to excuse 
their dryness. 


il 





FOREIGN AND COLONIAL NOTES. 
Argentine Railways.—The Tueuman line is the longest 
railway in South America—say, 340 miles. It was a 
mated to cost with a wide gauge mp nner poe ee 
but it has only cost with a narrow 000 hard 
dollars, a src ary Although Eee aan 
order, some works yet remain, ete to be auanel 
— it. ‘The Argentine Government mee scieet Sg ng 
be made for an. otengen of the Tucuman line to Jujay. 
The East agoatne eg d, has suffered from floods, the 
having been 


aa carried away for a second 

Hines Rails in the United States.—The production of 

creasing of lio Yo sk in 1807, this produetion ed et 

— n - 8 a 
2550 tons. In been carried to 94,070. tons. 
gt amy a bafiebirns yy e The aggre- 
gate production of steal rails fa the United States 

C) en wil usive is éstimated a 
1,163 3 08 tone. 

American Ordnance.—In converting 100 lb. Parrott guns 
tes Ordnance Bureau 
has adopted the slotted screw or pe » which has 
also been adopted in several foreign coun‘ 


Steel Rails in France.—The Eastern of Fenebe Railway 


4, 
13° oat’ andthe delivery of them is to bespread over 13 


1 Camphausen shaft 

r ngs Fatah i the Starbrck distil has: now sow -asnthed 
a may possibly become deepest 
eoal mining shaft in Seema: . 

The Grand Trunk and its Hands.—The Grand Trank 
aimee shops at Montreal have been ‘‘ shut down’ for a 
month. This course was adopted, in preference to dis- 
charging some of the company’s ne 

io wane Ooal.—The rts of coal 

i in tbe dee first five ive monte of 


Thus i 


The exports of coke ‘bun Be! 

ot 00 tons, prado 239,000 ir monte of. tle pose 
period ‘of 1876, and 316,000 tons in the 

iod of 1875. The value of the coal from 

um in the first five months of this year, presented a 

ot tiie’ 7602. as compared with the @ corresponding 


rt | Phe Ser Gale tant vn of Sms a 
ay te nia panes amnnented he eae ail. 
1876 were a 
An Engine for Mexico.—Messrs. 


Co., of Philadelphia, have shipped sy ep na bor tig v0 
Mexico. 
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WETALS. ‘ 
a Ons s £ TIN — Continued 
(per ton)— . ® English bars.. ‘ 8. 
12 © Engiis} RE £ 6. 
7 4 A = ogupeaesan age i > 33 : Norway battens, all sorts te: a £ a, 
° a. | Tim Puates (per bo 10 666 «15 Swedisi aan 4 06 pué FRom THE Bal 
7 4 LO, charcoal atl aq ws. &@ Swedish deals 3rd ...... _ © Soa Per oY 
; ° 23 ° and deals, inferior. sews «" Ee. Beeman aod £ a 
° aar0g*00-egseeeee . Riga aie 
r ° fe 8 CBatiene’ dis“iess“tiia f° * Mie eer, Dantsio iad © Oe 
5 ° Finlaad Ree a, seerseseecee =O 
5 ri . eo " BORIS sns.scremenee 12 10 © 1§ 0 © ve saver ame ° I vs 3 rs 
Australian ....-ccsscsccsccssee 68 12 69 © 45 Pr hog 2 ie an OS ee SG erway: eens oT ae i 
r : wn 8 ‘° i - GOALS , a e- ee ~te eg . 710 0 & : ‘une ine, oo a . : ? 
ima n Coane (per AND Quebec measure) per 
} anna cossepesstacccscce OS : ss : — ere COKE. te ist bight pine... 16 0 © 32g © me Oe. crown. 
[non Ones onal 8 © 8% o ee vn 56 © 1 38) 36 wet, on " 10 © 1§ © o ay ATE I ~ 69 e470 
Red bematie, Brida s da 8. 4. jm a  losealiiend H 2 3 pines, 20s,, and 10s., « By (string e, . Deni a Ss. 
bed ” 5 aed 12 6 New: TO + -sssnsensneras 8 : 10. 6 and srd, “and 10 lm oe Pit props aay wg; © 2.8 ° 
laos Pre we 6 © 8 @ castle an A em cae gyrase, ist 9 wee Dsals, mes 3 3'h FFs 
OW NO, 1 crevsvrcerseree 6 Staffordshire * © 28/6 ” Mg - 815 0 9 0 . (Per Petersburg stan . 
ae See ~~ oS eo. GF e Welsh . cccceseseccncce 16." @ New Brunswick ow 9 §$ @ 8 Redwood dard) 
aide ° @ seve 1 0 spruce °° , Archange: 
Cities yeaah hier Yorkshire “ eu battens « 8 0.0 810 Onega, 1st Hs and 
male pomeen 2 2 MH 8 | OO samme gos Hg | Rgaeelawapiice Tres 8 8 oa EE 
a Boe 78 Cleveland ania os cs 2g 8 8° © Sedened, Potumbunn ie ot. f..0, th 30,¢ 
? ” eoggoerccoce 2 Durh seeeeeeeescesescceces AN TIMBER— ~~ 13 10 © ” ©. 1710 
no» & ee fe te Red ~ BER (per load) Wybu: 014 0 © ° 
Welsh teeth Wales} a OILS, GREASE, & eth a emg ns hicidiig a yobtg inst 0 0 33 10-0 
» (North Waled ae ys ob Orns (per tun) ——~ sagt ae 4 and spare “$5 7 40 - ee 
i FPG ae A Er anmmamapcen £ 6. é Date wane wy te one i $ eo $50 
Bcoteh No, 1 ” Spee oe 8 Dito waney board ccsese 2.622 
one saiineew 4 > “i a ee ED Ss s 10 pine................... Her aw eresg ° ° ~ _s 
eeecceces : le Se 8 ° 40e°0 ® ° 0 
Gartaherrie ....0+-.0.0 =o $ 6 53 © z . 38 - SS uf Do. QUE .,...000 .s00008 Fp $15 0 % Ditto white ... 2 ° gt © 
6 ss VOlOW 0.00 36 0° nited 19 © 710 0 MAHOGARY, & : 7 26°71 © 
Summeriee ....... 66 © §5 © eset’ iowa... jo 0 | 2 Elm, Rock..., went $ 4s oe City St. } Raed ng foot 1 in.) 
y nto eoninietls oe 8-4 QL nt a in Ser womens 2S S it: ho trem 0 © SE OT 6 
abroe oxen 55 0 zUM— 2» °° oo ° SADICU s+e+e cea iat o 0 6 
Dias 97° «#6§3:~( 8 Fine (per gallon) Od: ten @ 415 0 ; - : Geter, Mavens, 0. ere ~ @'te 
so 6 §2 © » Spirit., coomee 9 TOR © 2D ~~ 3, Oo 6 © © Sleepers, Hackma, sssversee © O 3H 0 7 
Sram ot Senemeae yume: 2 nao<«<«— Sr feat Jars jue bun a ee ay .. 
. Dundas... 52 6 Bri - :% ° 1 0 © » . Pine 036 © 
Gle a 1 6 53 6 * oat seeeeresesereesesrasoes a. 8 6 1°00 oe1u20e ” Hemlock i * $ ae) ; $ 
lin 60 Promise. 1 (6 13 Australian BOAT .....0..0cserereeeeee ad IE secsevseseeesees 3 909 2 6 
Eglinton, Aitt0 venir. $5 8 s4 6 at ange 6 *. oat ese see i bao eo 
Gassen, of Secsements.te ss 6 (O§3 Ce ” chips pA % ¢ 16 0 a meen (per load) ™ (Per load) HULL 
Ditto, speciail 5 ' Th orem 10 Se ee ' : 
Shows ee Lelth ee P ieeeanta ker a a ; ond Memelorows oes 225 Memel crown fir timber ... 
Kinneil, at Bo'ness. ae ° 56 0 owt) — @ ccecceceece 28 - good, mi aoe § 10' 0 § 10 0 Riga and Dan ” ; 7 6 410 
{ihe above all deliverable along 2 6 Rests (per owt,)— maxi ° © °o a di 410 © i r tzic Ist ees 4 : 2 nes ° 
Sh y cee coccseongenoesges » common d..sssesee $s oe 400 wedish ” ott at ee ° 
SR rOpABL EG nn * 2a & TALLOW (per owt, $3. 8.6 Alig rsevrseserneee 9 16 . San caw ote ares 
South aan. el ; 4 ° 8. American beet 4 «0 . small, sho: ssesee 2 12 : °° GL snr oe an ee) 
Yorkshire Thornaby pig. os 0 be oe 41° 6 {rregular rt, and ee foo x o ag§o0 
oan 1 0 we 43 O44 Stettin evesenseesecnees see sseeenses 
laow, W oe 2 c 7 = ° Ausiralian beet . _ < 4 43 ~ Beebe ...sescesesessseseres = : H : 210 © » birch abies 8 Kagel 
_— 94 ag oo! bad eeeeeee 
Cleveland — £8 & > St. Feersoarg 5 43 (8 = : BUIall .,-. e400 te te 21g ° ned bireb sis 4 ons 
ra a eee . 3 oa hose ~~ hepa eecee 8 6 43-9 and Norway 5 0 216 0 pine, hewn — 7 019 
” puddied bars... 7 6 © T — 39 3 idem Bekins toe 5 e910 
> aa So oe. a Stockholm (per bari.) ee 1. swe 3 se (Ptr Peiorsburg 5 e017 
® LR gr ¢ 3 Tuarentine 9 rit— 2a 0 860 > sencsieanerevecese © 14 6  B seth, a 2 ae 5S 
Scotch BHCC. sscsccecee 8 6 15 Ww erican ( ss Fen ° 13 em 9 Wyb ” ‘white 5 0-29 2° 
ee Fe SS aoa = tS ey enegin een cam Ss | quelnge it § @ 1210 © 
Guibesten erate fe Se OP no 2 8S above prices “at the Docks.” — UBt PANO veesesssseoree 14 18 0 1g 10 © 
tere 8 te .. © AcIps CHEMICALS, &¢ LIVERPO - a” oo Pe & Bs 
a ove. 9° _ ’ e OL. - > > oe 
“ we 8. @ nae s WHOLESALE 4th * 10 © 
ston 9 10 fortis (per Ib.) . » & .& «4 PRices OF TIMB Gefie and Ir 0 © 
y hoops .... Se + SS Saiphuric ° From Baits ER, DEALS, &0, Soderham mixe so 81 
Welsh rails, 8.W. . ee Be wee Pe Pane h—4 (oer ib) ° 4 ef Pure Tiwsae (per yin AMERICA. Baltic 1st red 1 Seaton bila. is $29 .. 
ed ae * ° r soma Muriate (per Py 8. é by y oo yellow square. £aa £58,4 Charge for labour 2s. per stan¢ o 2 1 "5 ° 
oan hoops, SW. esenee oo. ae —- "= 28 0 35 5 oa 'lenare al board “6 2 Od ont le. 3 of andar for deals, Se. 
Bott English pi oe see Fouatred pent)” i Miramichi and’ isin, 0 3 3 0 8 é WES ‘% 
seasiencens (perewt.)  .. eo. 28 © tish a T HA 
Ocher brands Wik ss ct ts uammeperarprem 2 8. 63 er gor Dantas good milddting orpguin os 
pent = wows 2 soe Barestons Qer oa) 0 Pp > org ers Ditio common middling i > er shor 
OSPHOR ) serereeeee 92 8 223 10 Bough Ss new foamed 7 oe & 8. ors of 8 aor Eouedia seeeeseeenesees 3 bes eo ° 
Quickan.van (per bottle)” ae Fe egos er 4 Fgh means err et ees 
Bena” (per ton) — ; rr 3 ¢ pr gross 9 4 = ap gb oa 8 Gale lat red deals 10 2 6 10 
id rails MA in (per x % ole oon e Mn om $2 8 36 
= oes es neeee e 20 ” , ° 
Srautea (per ton) — 4° $e rrax— Sulphate (per et org.g se [8 ake cn 5 0 131g 0 
mm x LEAD, iy senncqneestiaiine 23 e 2. unsorted white dials 10 § © 10 6 
emcee 22 4a sot : per owt)— ~ ps ot ; “e D Tunadal : 
ecasecescese coccceccocesees eo. a J 5 
. SREB: cig er® et BEE EE 
(per see ceeeee cee ° oO Ma , 10 8 98 
Best ORB... nseeenee ee > we ie 01a 0° 4 | Gotisnburg 2nd red oo 1 2 6 
_ ecccceee $4 OO » e 6 ( POT) rocc.ceerse O 3 burg 2nd red ba 5 2: Bs. 
weeeee Degas 1° 
Balan, a = ge us Ame Raseans eer 9 66 6 “Vemma en weciien 2 e ec° 
SC hendiemneas °. we. Quse we standard) Quebec let mw red deals... 17 » S90 
Milan Milam on a et ee 8 Guebee Yellow plae, ind 19 1s © and upwarde,. ae mala lla di i 
B Pints GS BD po ° a7 (6 yellow pine, 2nd 13 © © a1 10 0 Ditto, ditto, one 23 0 © 
mi acmepene oe icy 2 ” eo o 950 Se Ditto, ditto, 3rd. » a TO 
a. = em 8 ~ 712 6 Selvgstor nous ft E Pe 
rs cqpenpecccee 2 0 ° ee ° ur 2s. per stan Ins 0 
a * 2 ee se 2 4 0 75 0 ; and Is. 6d. ‘dard for dee & 
Sweeps now (Fo.b.) at j 1° 7 1 TIMBER, DEALS, ac. ‘ . a 5 0° per load for timber. ls, &c. 
Sie dimetore (Per Peters LONDON. Fro . ef at WISBEAG 
Bar Pollet cs csccsreeesses $e uy phe i= gg . mun Unrexo Sraras, East pe cede Petersburg manda - 
wee hesiee . (Per arms, East AND WAST | 204 yp seen e 
Tix (per ton) — 3 °@ 4 } penile a. teens 4 § : — -- ° mae tent, coring FRICA. a — 2 1s ° ° a 
Straits ..... Wybarg.... ce eveseee If § © 18-10 ° Pitch centers £s8.4. £28.4. Gothenbrg. 2nd and seeresees 12 10 © . 2 6 
Billiton cvessereers 67 © Peters’ RB 3 0 © ° seerresee OO FE “ eals... 1 lind 
om co burg & I 4 8rd 350 
eee . Christiana Riga white 10 Pee at Unite’ States oni io aes} |) hee ee 
aepenieniaiededailiaines 2 7 deals, bes best oo mig States oak aa O 82464 O'S sburg Ist red d we I2 2 6 08 @ 
English ingots 7 ¢e 6&8 sorta, yell. and white. * fist Indian tnt o 234 4 ” cals... 18 § 0 18 . 
secseccecccsen JE TO ° ane deals, -t3 ce Indian teak per measure) e268 ” a battens 16 1 18 10 © 
woke sorts other = (per Id.) *e is ou so 9 - ee 2 
sesesccaseenenneesee ees Siodimeniotanens 1g © 135 0 
Barris Corontan Ra Ss eo mwe = ot woreeeetocs = +¢ 750 Gothenburg'2nd red deals a feo 00° 
estimates the ruwars.—A recent calculati (Per foot)...., © a 8 fey : * ae Ph FB od 
Colonie at 13 extent of railway ulation | 263 miles ; » » batts.1 § 0 1 : 
; J oo Canada a British | 618 miles ; As - Paden, fe for 258 mil www. 
miles; Ne New South miles ; i ae wot | 5a 1 fer old "the India, for 6461 es ; Victoria, for 
ales, for 437 . , for 21 ge 61 miles ; Ceylo ADBLATOS c 
miles ; Queensland ér 66 ‘miles; News Zeeland, for Cen fo er. Barnae— 
ope, for 149 miles. » for 5} miles ; ot performed b bhi exe the pdm 2 
and the road the name of the A felaide B e 
which it accommodates King Willig Hood. 


























Jury 27, 1877.) 








ENGINEERING. 


61 





AMERICAN IRON AND STEEL WORKS.* 
By A. L. Hottey and Lenox Sirs. 
No. VI.—Tue Oris Iron anD STEEL Works, 


Tue open hearth steel plant and rolling mill of 
the Otis Iron and Steel Company is of recent con- 
struction, and combines many valuable improve- 
ments in general arrangement and in mechanical 
apparatus, The favourable and central situation of 

e works at Cleveland, Ohio, on Lake Erie, affords 
communication with an extensive territory, for the 
distribution of product by rail and by water, and it 
also enables the irons of Lake Superior, which are 

ially adapted to the manufacture of steel, to 
be delivered at the works at low cost. 

The general plan of the works, also a cross-section 


yet built, but they are all provided for in the 
original design, so that when the ground is finally 
covered, each structure will be in the right place, 
‘The producer house is 85 ft. long by 44 ft. wide, 
and contains five groups of producers, four in each 
group, the coal for which is delivered by means of a 
railway traversing each side of the building, and 
raised about 4 ft. above the level of the charging 
floor. The melting house is 100 ft. long by 90 ft. 
wide, and contains two 6-ton open-hearth melting 
furnaces, one double preliminary heating furnace, 
two 6-ton hydraulic cranes at the casting pit, and 
one ladle crane with fixed jib, The furnaces are 
elevated above the general level to enable the use of 
a shallow casting pit, the arrangement in this respect 





being analogous to that of the American type of 





30-in. plate train, which runs 50 revolutions 
minute ; it consists of a stand of roughing 
30 in, in diameter, by 90 in. long, and a stand of 
chilled finishing rolls, 31 in. in diameter by 84 in. 
long, with hydraulic lifting tables at both stands of 
rolls. The ingotsare rolled down, without hammer- 
ing, from a thickness of 9 in. to } in, or § in, thick, 
the reduction being accomplished in twenty or 
twenty-four passes, after which they are reheated in 
an annealing furnace and quickly finished in chilled 
rolls, A two-high blooming train with hydraulic 
lifting tables having the Fritz-Holley driven rollers 
and the Fritz pusher, is attached to the plate train. 
After rolling, the blooms up to 7 in. square are cut 
to lengths by shears driven from the end of the train. 
The rolling mill also contains one 10-in, two-high 
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of the open hearth plant, and a front elevation of 
two of the furnaces with oven, &c., are illustrated 
on the present page, and page 64. It will be ob- 
served that the Lake Shore Railway, or New York 
Central System, a branch of the Pennsylvania 
Railway, is on one side, and the Cleveland and 
Pittsburgh Railway system is on the other side, 
and the two are connected by a siding which 
passes through and belongs to the Otis Works 
property. Just outside of the Lake Shore Railway, 
there is a declivity, at the foot of which lies Lake 
Erie, some 60 miles wide, affording a practicable 
place to discharge débris for ages, besides offering a 
fine site for blast furnaces. It will be observed that 
the buildings, instead of being made parallel to each 
other, for the sake of a supposed finer appearance, 
are arranged at various angles, to quit convenient 
transportation over railway curves of practicable 
radius. Some of the open hearth furnaces shown 
in the engraving are not yet erected, and various 
other features of a complete establishment are not 





* In the course of this series of articles, frequent re- 
ference will necessarily be made to the exhibits of various 
steel manufacturers in the United States, at the late 
Centennial Exhibition, and some of which were not 
noticed in the brief review of American Iron and Steel Ex- 
— at Philadelphia which has already appeared in our 

umns. 








Bessemer plant, in which the converters are raised 
with a similar object. All the principal casting 
operations are thus conducted on the general level, 
and there is ample s for handling and storing 
moulds, &c., and for ventilation. The melting fur- 
naces are placed in a continuous line, with ample 
doors and windows both in front and in rear, so that 
men can work with comfort, and hence with profit, 
in hot weather. This seems to be an important im- 
provement over placing the whole. hot casting de- 
ment between two high banks of hot furnaces. 
ising the charging floor has other advantages ; 
the furnaces stand high up, away from moisture, 
and the valves are on the general level where they 
can be readily got at for inspection and repairs. The 
stock is raised to the} charging floor by a hydraulic 
elevator. Bottom casting of ingots is exclusively 
used for all classes of work. 

The rolling mill is 250 ft. long by 100 ft. in width, 
with a wing] (which may be further extended) 
100 ft. square. It contains one three-high 20-in. 
bar train with fixed middle roll, the top and bottom 
rolls being adjustable by means of screws. “This 
train is constructed according to Fritz’s patent, and 
is used for rolling rounds up to 5 in. in diameter and 
merchant bar of all lower dimensions suitable for 
such @ train, and for roughing billets for the 10-in. 
train, This department contains also a  two-high 








and three-high train for finishing springs, wagon 
tyres, and other small forms of merchant steel; also 
two steam hammers used in making railway axles, 
small forgings, and general smith work. 

The plate mill engine has a 36-in, by 5-ft. cylinder 
with a 50-ton flywheel; the bar mill engine is 28 in. 
by 4 ft. (with a 34-ton flywheel; and the merchant 
mill engine is 18 in. by 2 ft. with an 8-ton flywheel. 
All the above engines are provided with balanced 
slide valves. 

Some features of this rolling mill worthy of notice 
are: 1. Lapping the engines of the 31 in. and the 
20 in. trains to save room; the engine of one train 
stands in front of the pinions of the other, and so 
occupies no 8 otherwise wanted. 2. The ar- 
rangement by which 70ft. lengths can be rolled 
and finished in the 20 in. train—in fact, this part of 
the mill was d ed to be wr to the produc- 
tion of double-length rails. The plate finishing 
space is also ample. The hydraulic crane 4 takes 
plates from the hot bed a to the steam shears c. 
The boiler-house is convenient to both the fuel 
supply and to the mill engines, and the hydraulic 
pressure pumps are p here so as to be under 
the superintendence of the water tender, thus 
saving extra attendance. The boiler-house is 45 ft. 
wide by 75 ft. long, and contains six return tubular 
boilers 15 ft. long by 5 ft. in diameter, and also two 
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Worthington duplex hydraulic pumps. All the 
buildings are of brick with slate roofs, excepting the 
machine shop, which is a temporary wooden struc- 
ture. 

The product of these works consists of steel boiler, 
firebox, and tank plates, railway axles and springs, 
locomotive and car wheel tyres, sheets, forgings of 
every description, and machinery steel for all pur- 


The exhibit made by this company at Philadelphia 
consisted principally of plates and plate ingots with 
some conker articles. A very handsomely finished 
and notably large plate was shown sheared to a 
length of 21 ft. 2in., the sides being untrimmed. 
The maximum width of the plate was 6ft. 2}in., 
and its weight 2670 1b., being the largest steel plate 
in the Exhibition, excepting one shown by Krupp, 
which, however, was rolled from a hammered slab, 
whereas the plate shown by the Otis Iron and Steel 
Company was rolled down at one heat from an 
ingot 9in, thick and 24 in. wide into a plate 1} in. 
thick, the reduction being effected in 24 passes. 
Among other features of the display was a head 
sheet 88in. in diameter and } in. thick, and a 
number of firebox plates of ordinary sizes. A group 
of six plate ingots, each weighing 1400 lb., was 
shown as an illustration of the American system of 
bottom casting ; also a large plate ingot weighing 
4700 lb., together with a 12in. fractured ingot, the 
latter showing a very sound and uniform quality of 
metal, Some creditable specimens of rough and 
turned railway axles were si choun. 

A number of samples tested for tensile strength 
in the testing machine of the Colt’s Fire Arms Com- 
pany, of Hartford, Connecticut, were exhibited. 
The Table given above shows the remarkable 
ductility and softness of the metal, affording an 
evidence of that especial adaptability for locomo- 
tive boilers and fireboxes which has been corro- 
borated by actual practice — the past two years 
on American railways, several thousand tons being 
in use for fireboxes, without a single reported in- 
stance of cracking in side sheets or elsewhere. 

Among cold bending tests were a number of 

ieces of gin. plate and lin. plate which had 

n bent double, hammered down, and then bent 
across the previous bend and again hammered down, 
making a cold bendipg test of four thicknesses 
which was highly creditable. The metal showed 
the stretch of the hammering, but developed no 
tendency whatever to crack. 

Another interesting test was a plate § in. thick in 
which cups about 5 in, deep were formed by forcing 
a ball 7 in. in diameter into the plate, when cold. 
Six of these cups were formed in azlate 4 ft. wide 
and 5 ft, long without causin seams or cracks, 
thus constituting a very forcible example of ductility 
and uniformity. There were also some creditable 
specimens of flanging, the most conspicuous among 
which wasa plate @ in. thick, in which a hole origi- 
naliy 3 in. in diameter was enlarged to 16 in, in 
diameter with a flange 8 in. deep. 

As a whole, the exhibit constituted a comprehen- 
sive and practical exponent of the scope of the 
Siemens-Martin and of the high qualit 
and finish of the products of this company, It 
also proved intelligent practice and excellent ma- 
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Lectures on some Recent Advances in Physical Science, 
Professor P. G. Tarr,M.A. Second edition, revised. 
i and Co., 1876. 
Tue lectures of which this book is composed were 
delivered in the spring of 1874, at the desire of a 
number of engineers and other professional gentle- 
men who wished to obtain from Professor Tait a 
notion of the chief advances made in natural philo- 
sophy since their student days, The period chosen 
by the lecturer as the particular scope of his history 
is the last thirty years, a most important time in the 
history of physical science, since it extends back to 
the labours of Joule and the discovery of the 
mechanical equivalent of heat. But the nature of 
the subject necessarily takes the author much further 
back, since ‘‘ many things which have become almost 
popularly known within the last twenty-five years 
are much older in the minds and writings of the 
foremost scientific men, We cannot, however, treat 
them intelligibly without reference, sometimes pretty 
full, to what was known even earlier still; so that 
you must not be surprised if I have a good deal to 
say of Davyand Rumford, and even of Newton.” 
The lectures were given extempore, and taken down 
by shorthand writers, Their subsequent publication 
was part of the request made to Professor Tait, who 
apologises for any crudity in their form and execu- 
tion, and to a certain extent disarms criticism. He 
should not, he says, have allowed it to be published 
as it is, had he not been assured by competent judges 
that in spite of its necessary imperfections it is 
calculated to be useful. 


We are glad that the wise assurances of his 
friends led the author to give us the benefit of these 
lectures, No man, perhaps, isso well versed in the 


purely physical and mathematical department of 
natural philosophy as Professor Tait. The Edin- 
burgh professor of natural philosophy is a giant in 
intellect himself, and the colleague of giants. Sir 
W. Thomson, Helmholtz, Joule, Maxwell, Stokes, 
and Andrews are some of the test names in 
contemporary physics. Since the publication of the 
first volume of their joint work on natural philo- 
sophy the names of “ Thomson and Tait” have 
become familiar throughout the entire scientific 
world. By means of this work, and their university 
lectures, these two distinguished Scotch professors, 
in company of the late Professor Rankine, have 
reformed the teaching of mechanical science in this 
country, and set it on a thoroughly scientific basis, 
There is no school in Britain, excepting Cambridge, 
where dynamics is now so completely and effectively 
taught as at Edinburgh or Glasgow University. 
To the study of physic such men as Thomson and 
Tait bring their profound a dynamics 
and their mathematical genius. ir high and 
peculiar function it is to apply their mathematical 
reasoning to the experimental data given them by 
other men, and to investigate by that means the 
relations which exist between observed effects and 


their physical causes. ‘ Until,” says Professor 
Tait, * physical science is reduced to the de- 
duction of the innumerable mathematical con- 


uences of a few known and simple laws, it 
will be impossible to altogether antl some con- 


fasion and repetition, whatever be the arrange- 





ment of its various parts which we adopt in 
bringing them before a beginner. But when we 
confine ourselves to one definite branch of the 
subject, all of whose fundamental laws can be dis- 
tinctly formulated, there need be no such confusion. 
Here, in fact, the mathematician (who, be it most 
carefully observed, does not necessarily deal with 
algebraic symbols) has it all in his own hands. He 
is the skilled artificer with his plan and his trowel, 
and the hodmen have handed up to him all the 
requisite bricks and mortar.” 

e principal part of the book is devoted to the 
modern history of energy and of thermodynamics. 
The latter is a subject on which Professor Tait isa 
special authority, as is, of course, well known to 
mechanical engineers, to whom his -‘‘ Sketch of 
Thermodynamics” is a standard manual, In fact, 
energy and thermodynamics, so important and in- 
teresting to engineers, may be taken as his special 
subjects ; in the latter of which he has made first- 
rate discoveries. Itis nosmall tribute to the author’s 
knowledge of his theme, and his lecturing powers, 
that, in a busy season, with the help only of a few 
notes, he produced this volume extempore. There 
is, it is true, a want of artistic finish in the order 
and wording of it at certain places, This together 
with the intellectual strides of the author which may 
prove difficult for more ordinary men to jump over, 
gives here and there a lack of clearness and sim- 

licity. On the other hand there is an invigorating 
Seeatnend in the spontaneous style which adds life 
and interest to the subject matter, and charms the 
reader along, in spite of the pretty hard thinking he 
has to get through. On the whole, we think the 
book gains by its large dependence on the inspira- 
tion of the moment; and some of the extracts we 
give will show a felicity of expression which could 
alone spring from the heat of a publicdelivery. No 
one is more precise in his use of scientific terms 
than Professor Tait, or more strenuously urges the 
need of ‘‘accuracy and definiteness.” It, there- 
fore, seems to us matter of regret that in his appli- 
cation of language to other men and their labours 
he gives one the impression of being less choice in 
hie eames ‘Utterly unpardonable,” ‘‘incredibly 
absurd,” ‘‘herd of ignorant people” may be very 
forcible expressions, but they bes aad to be some- 
what reckless ; and are calculated to be irritating to 
those whom they may affect, however far that may 
be from the author’s intention. 

The technical development of the different 
branches of physics forms no part of this work. 
The recent improvements and discoveries in electric 
science are to a great extent unrecorded. In fact 
it is mainly a treatise on energy and matter. The 
author goes as far to the root of his subject as he 
can. The first chapter or lecture is devoted to a 
classification of the recent advances in physical 
science, to a general statement of the objects of 
physics, to definitions of time and space, matter, 
position, motion, and force, leading up to the 
doctrine of energy. The second lecture is devoted 
to the early history of energy, from its foundation 
by Newton to the [grew by Rumford and Davy of 
the true nature of heat. The third lecture con- 
tinues this subject, examining the claims of Mayer 
and Séguin, to the discovery of the dynamical 
theory of heat, and those of Colding and Joule. 
Then follow lectures devoted to the transformation 
of energy in various ways, with a special lecture on 
the transformation of heat into work; and others 
on the dissipation of energy in nature; lectures on 
radiation and absorption, spectrum analysis, the 
conduction of heat and the structure of matter, in 
which last the fine idea of Sir William Thomson that 
the atoms of matter are simply vortex-rings gene- 
rated in a perfectly frictionless fluid pervading 
space is fully explained. In such a fluid, such a 
vortex-ring will, it is proved by Helmholtz, go on 
for ever. It would be out of human power to pro- 
duce vortex-rings in a perfect fluid or to destroy 
those existing in it. No process we could command 
could enable us to do either, because in order to do 
it we Er on fluid friction which does not exist 
in it, the universe be filled with this matter, 
frictionless, but possessing inertia, and “if any 
portions of it have vortex motion communicated to 
them, they will remain for ever stamped with that 
vortex motion ; they cannot part with it, it will re- 
main with them a characteristic for ever, or at least 
until the creative act which produced it shall take 
it away again. Thus this property of rotation (of 
the sides of the ring) may be the basis of all that 





“ppeals to our senses as matter. 
‘o the end is appended the famous lecture on 
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‘s Force,” delivered at the meeting of the British 
Association at Glasgow last August, for the purpose 
of elucidating the fundamental principles of dynamics 
and clearing such terms as ‘‘ force,” ‘‘ momentum,” 
‘+ vis viva,” and ‘‘ kinetic energy” from all ambiguity. 
Everything is accurate and definite in the Thomson 
and Tait school of dynamics, which is founded on 
the three laws of motion of Newton and their ex- 
planations by him. From the first law, Professor 
Tait gives us the following definition of ‘‘ force.” 
‘“s Force is any cause which alters or tends to alter a 
body's natural state of rest or of uniform motion in a 
straight line. The only difficulty, and it isa serious 
one, which we feel here, is as to the word ‘ cause;’ 
for this, amongst material things, usually implies 
objective existence. Nowwe have absolutely no proof 
of the objective existence of force in the sense just 
explained (as something indestructible), In every 
case in which force is said to act, what is really 
observed independently of the muscular sense 
(whose indications, like those of the sense of 
touch in matters concerning the temperature of 
bodies, are apt to be excessively misleading) is either 
a transference, or a tendency to tranference, of 
what is called energy from one portion of matter to 
another. Whenever such transference takes place 
there is relative motion of the portions of matter 
concerned, and the so-called force in any direction 
is merely the rate of transference or of transforma- 
tion of energy per unit of length for displacement in 
that direction. Force, then, has not necessarily 
objective reality any more than has velocity or 
position, The idea, however, is still a very useful 
one, as it introduces a term which enables us to 
abreviate statements which would otherwise be long 
and tedious; but, as science advances, it is in all 
probability destined to that limbo which has already 
received the crystal spheres of the planets, and the 
four elements, along with caloric and phlogiston, 
the eledtric fluid, and the odic or psychic force.” 
Newton’s second law is given thus: Change of motion 
is proportional to the moving force (vis impressa), and 
takes place in the direction of the straight line in which 
the force acts. On this law depends the parallelo- 
gram of forces, which holds for all kinds of forces, 
gravitation, electric, magnetic, &c. It shows that 
force can operate in two distinct ways. It can either 
increase the velocity of a body in the direction in 
which it is moving, or it can change that direction. 
“ Motion” here means quantity of motion, or, as we 
now call it, ‘‘momentum.” Quantity or motion, 
or momentum, is the product of the mass of the 
moving body (M) and its velocity (V). There are 
no algebraic symbols used in the book, but the 
reasoning is often mathematical, and might be aided 
by their use. Momentum in symbols is therefore 
MxV. It is to be understood that mass here is 
not weight, but the quantity of matter in the body, 
which must always remain constant, although its 
weight or the force of the earth’s gravity upon it 
must vary with the position of the body on the 
earth’s surface. Change of motion or momentum in 
the same moving mass must be the product of the 
mass into the change of velocity. Change of velocity 
is itself a velocity, as, for instance, so many feet per 
second. Rate of change of velocity is the change of 
velocity in a unit of time, as, for instance, so many 
feet per second, per second. This rate of change of 
velocity is called acceleration (a). Now if change 
of motion is proportional to the moving force, by 
taking suitable units,'rate of change of motion may 
be made a measure of the moving force (F), That 
is to say, we may take: 

PET ae | 
or force is equal to the product of the mass into 
the acceleration. We now see that force is not 
momentum, although it is often confounded with it. 
Force is the rate at which the moving body acquires 
momentum, and unit force is that force, whatever 
be its source, which acting on a body produces unit 
momentum in unit time. 

To help us to rise from this to a measurement of 
energy we have Newton’s third law: To every 
action there is always an equal and contrary reaction, 
or, the mutual actions of any two bodies are always 
equal and oppositely directed. Newton explains that 

ere are two distinct meanings to action and re- 
action. The first is that of an ordinary force, such 
as a pull, thrust, or pressure. The full force of his 
second explanation has, strange to say, only been 
discovered within the last few years, It proves 
Newton to have been in ssion of many of the 
chief facts of the principle of the transformation 
and conservation of energy. For everything known 
in his time, with the exception of heat, light, and 





electric energy, he has given us a complete state- 
ment, and came very near to grasping the great 
me a of the conservation of energy itself. 

ewton’s statement is thus given: ‘ If the action 
of an agent be measured [not by the agent 
itself, as in the case of a force, but] by the product of 
a force into its velocity, and if similarly the reaction of 
the resistance be measured by the velocities of its several 
parts multiplied into their several forces, whether these 
arise from friction, cohesion, weight, or acceleration, 
action and reaction in all combinations of machines will 
be equal and opposite.” By the product of a force 
into its velocity Newton here means the force 
multiplied into the velocity of its point of applica- 
tion, resolved in the direction of the force. ‘If, 
for instance, a horse is dragging a canal boat along, 
you are not to multiply the force of tension of the 
rope by the velocity of the canal-boat, because the 
canal-boat moves in one direction, and the tension 
of the rope is in general in a different direction, 
What you must do is this: You must find out how 
much of the velocity of the boat is in the direction 
of the action of the force; resolve it, as it is called, 
by multiply the amount of the velocity of the boat 
by the cosine of the angle between its direction and 
the direction of the force which is applied by the 
rope. Then what Newton says is this: If you so 
treat it, multiply each force by the velocity (in this 
sense) of its point of application, you will find that 
the sum of the actions will be equal to the sum of 
the reactions,” What Newton here calls the ‘action 
of an agent” is, therefore, the product of the force 
into the rate at which it moves its point of application 
in the direction of the force. But what we now call 
‘* work done” (W) is the product of the force into the 
whole space (S) it moves its point of application. 
Therefore, Newton’s ‘‘action of an agent” is the 
rate at which work is being done, and it corresponds 
to Watt's ‘‘ horse power,” the rate at which an agent 
acts when doing 33,000 foot-pounds of work per 
minute. Work done, we have said, is equal toF x8; 
and Fx V is the rate at which work is being done, 
where V isthe velocity. If V is uniform then F x V 
xt=FxS, where ¢ is the time considered, When 
the force is such as to accelerate the body, V will 
keep increasing, and the body will acquire “kinetic 
energy.”’ Such is the case with falling bodies under 
the influence of gravity. In a body which is accele- 
rated under the influence of a force the space 
passed over S will be equal to the product of the 
average velocity and the time. In a body which 
starts from rest under an accelerating force, the 
average velocity is half the final velocity, and the 
final velocity is equal to the product of the accele- 
ration into the time, or, 

V=a.t. 
therefore, the average en 
a 


a 


and 
Fx a Xt=Fxs ‘ (2) 
therefore, 
mx axe xtoF x s=m =F x§, 
or, 


Fxs=2 tg | we 
that is to say the work done by a force on a body 
starting from rest is equal to balf the product of 
the mass into the square of the velocity produced in 
it, which quantity is called the ‘‘ kinetic energy” of 
the body, and it is equal to twice the “ vis viva” of 
Leibnitz. Work done is, therefore, equal to change 
of “‘ kinetic energy.” As to ‘‘ potential energy” or 
energy stored up in a body at rest, such as a bent 
spring, gunpowder, the weight of a clock, we be- 
lieve it is a term doomed to an early flight to the 
same limbo which contains the crystal spheres, and 
we are pleased to see that Professor Tait, one of its 
chief apostles, is not without his own misgivings 
about it. See page 333. 

The extracts we have given will show the general 
style of this masterly work; and we take leave of 
it, cordially recommending it to all engineers, 





Inpia State Raruways.—The directorship in India of 
these railways has now been formed into three divisions, 
and we are glad to see that the most important of them, 
viz., the central division, has fallen to the lot of Mr. W.C. 
Furnival, M. Inst. C.E., whois well able to fill the office. Mr. 
Furnival’s last piece of railway construction—the Raj- 
pootana Railway, of 260 miles—was executed in a substan- 
tial manner with unusual despatch and at moderate cost, 
and Neal to Mr. Furnival’s practical knowledge 
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THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. VII. 
In 1861, Mr. E. F. Loseby invented a new kind 

of aneroid, which he described as consisting of a 
vacuum-vase, much larger relatively to the size of 
the whole instrument than that of the aneroid as 
commonly constructed, distended by a spring four 
times the length of the usual distending spring, the 
motion or pulsation of the vacuum-vase being mea- 
sured and read off by means of a fine micrometer 
screw worked by the observer. In taking an obser- 
vation it was necessary to bring the screw into 
contact with the top of the vase; and, when the 
indications were read off, to disconnect it. It was 
asserted that the instrument could be compensated 
for temperature, but the manner of doing so was 
not stated. The divisions of the dial were engraved 
in a spiral of several coils from the circumferéuce to- 
wards the centre, so that the pointer in traversing 
the entire scale made as many revolutions as there 
were coils, thus giving a very long and open scale ; 
and it was said that the range could be extended to 
twenty-four barometric inches. The acting surfaces 
were of hardened and polished steel, and the weight 
of the whole instrument 3} oz. Troy. Few, if any 
aneroids, were made on this plan, The invention 
seems to have been abandoned from commercial con- 
siderations. 

It is usual to take barometrical and thermometrical 
observations for the purpose of foretelling weather 
at regular intervals, so that the indications at those 
— may be noted or plotted on a chart. The 

eight of the barometer drawn on the chart from the 

one point to the other is assumed to show the 
variation between those times. The rise and fall 
of the barometer may be considerable in the in- 
terval, yet at the two periods the observed indica- 
tions may be precisely the same. The chart would 
consequently show an even state of pressure, 
whereas the opposite would be really the case. 
Whenever the aneroid is consulted as a weather 
indicator, it is desirable to know, besides its actual 
reading, whether the atmospheric pressure is in- 
creasing or decreasing, and the rate at which change 
is taking place. The self-recording aneroid designed 
to supply this information has a vacuum chamber of 
large area, thus securing sensibility, besides insuring 
the necessary amount of mechanical force to work the 
self-recording portion of the instrument, which con- 
sists of a strong clock having a light wheel about 
2in. in diameter fixed on the centre arbor, to which 
is attached a length of watch chain. ‘This chain is 
carried over guide pulleys to the pencil carrier, 
which works in a guide. The pencil falls by its 
own weight, and is raised by an inerease in the 
pressure of the atmosphere, The clock has a dial 
to match with the same size dial of the aneroid, It 
may be either a spring or a pendulum eight-day 
clock, requiring winding once a week. Between 
the clock and the aneroid a vertical cylinder 4in. in 
diameter, having a paper attached to it, is made to 
revolve by the action of the clock, Against this 
paper is fixed a guide rod supporting: the pencil, 
which, by simple mechanism connected with the 
oiock, marks its own position at every hour, or 
other intervals. The paper, besides being ruled 
horizontally into inches and tenths to correspond 
with the barometer scale, is divided vertically into 
seven principal and scven minor divisions, indicated 
by darker and lighter lines. The light lines repre- 
sent the noon, and the darker lines the midnight, of 
each twenty-four hours; the paper thus lasts one 
week, By these means a black dotted curved line 
is produced, showing the height of the barometer, 
whether it is falling or rising, for how long it has 
been doing so, and at what rate the change is taking 

lace, facts which could only be obtained by 
equiat eye observations. ‘The scientitie value of 
this instrument depends upon the gooduess of the 
clock and the accuracy with which the aneroid is 
compensated for temperature, and correcily graduated 
to allow for the effect upon the index of the work 
to be performed in ate ae additional wheel, 
chain, and marker. ‘The chain should be kept as 
short as re a so that the effect of temperature 
upon its length may not be appreciable. The clock 
can easily be made to keep time within three or | 
four minutes per week—a sufficient degree of 
accuracy for the p . With due care the aneroid 
can be brought to sufficient perfection to show on 
the record the barometric pressure at the standard 
temperature, 32 deg., correctly to within 0.01 or 0,02 
of an inch. The degree of accuracy, however, can 





only be ascertained by proper comparisons with a 
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FURNACES AND OPEN HEARTH PLANT AT THE OTIS IRON AND STEEL WORKS, CLEVELAND, OHIO. 


(For Description, see Page 61.) 
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standard barometer. [t would be desirable to 
determine whether the error of indication is constant, 
not only throughout the scale, but both when the 
marker is rising and when it is falling. 

In using this instrument the following directions 
should be attended to: 1. Date the paper, and 
change the record every Monday at noon. 2. Re- 
move the cylinder which holds the paper by liftin 
it upwards and to the left. 3. Remove the old reco 
from the cylinder, by loosening the spring seep 
4. Put on the new paper so that the lower edge of it 
rests _ the upper side of the lower spring clamp. 
5. Replace the cylinder so that the cogs on the lower 
margin of it will fitin the endless screw, and the 
brass marker will point to the proper hour. 6. Ad- 
just the marker to the proper height on the paper, 

adjusting the aneroid with the clock-key through 
the hole in the top of the case. 7. Wind the clock. 
8. Compare with standard barometer every day, and 
when ae adjust the aneroid with the clock- 
key through the hole in the back of the case until 
= indicator points to the proper position on the 


M. Breguet, of Paris, has contrived a continuous 
recording aneroid, Four metallic vases, in each of 
which a vacuum is made se tely, are attached 
—- so that the elasticity of the system is con- 
siderable compared with the ordioary aneroid, A 
very strong flat steel spring distends the vases in op- 
position to the atmospheric pressure, and controls a 
much longer indicating lever, by means of a con- 
necting link, The motion is communicated to the 
lever at a point close to its axis, hence its indicating 
extremity exhibits the movement greatly enlarged. 
A cylinder revolved by a timepiece, completes a 
revolution in one week, carrying a glazed peper, which 
has been covered with lamp-black, The point of 
the index, like a very fine spring, presses upon the 
~ ed and traces a white line upon a black ground. 

Vhen the paper is removed it has to be coated with 





varnish to prevent the record being effaced. A weak 
solution of gum-lac in alcohol may be used for the 
varnish, to fix the lamp-black. The subjoined 
comparison of the performance of an aneroid register- 
ing by clockwork, and of & mercurial syphon barometer 
registering by clockwork, each marking its record paper 











f i | gy | et | 2s | sel os 
Ss g fs = E =e se # 
= e $3 : 3 3 
$* 3 : 8 | €& i | Ae 
& - 8s 4/88 / ad 
day. hour in, in. + in. + 
1 8 30.39 30.29 10 30.33 06 F 
10 38 9 09 31 07 F 
2 32 .29 .03 26 .06 F 
2 8 .23 .23 00 18 05 F 
10 -23 23 .00 17 06 F 
2 21 21 00 4 .06 F 
3 8 18 08 10 12 06 F 
10 iM 04 10 10 Ot F 
2 05 29.93 12 03 .02 F 
4 8 29.67 6 jl 29.64 .03 F 
10 63 42 jl 60 .03 F 
2 57 50 07 53 04 E 
5 8 455 50 05 41 04 R 
10 47 50 07 53 04 R 
6 62 49 13 59 03 F 
10 59 4 15 58 1 F 
2 55 A? 13 53 .02 F 
7 8 45 30 15 A? 03 F 
10 42 30 12 .40 .02 F 
2 40 30 10 388 02 F 
8 8 45 ws jl 42 .03 F 
10 43 36 7 41 02 F 
2 44 40 04 41 03 F 
9 .73 68 05 .67 .06 R 
10 76 71 05 .70 06 R 
2 B) .78 03 73 .08 R 
10 8 30.12 30.09 .03 30.05 07 R 
10 13 10 08 07 06 R 
2 18 15 03 jl OT R 
Means 29.83 29.76 OT 29.79 04 























every hour for a week without attention, with the 
indications of a standard barometer read at stated 
hours, but corrected for temperature to 32 deg., will 
enable those who manufacture as well as those 





who use these instruments, or take a scientific 
interest in them, to judge of the reliance which 
can be placed upon their records, It will at least 
show the necessity of an accurate conception of what 
is proposed to be accomplished by such instru- 
ments. 

If now we 
with a view o' 
scales engraved on 
following mean ts. For the aneroid 
between 30.5 in. and 30 in., 

Correction when barometer is falling + .09 

” ” ” rising i +.01 
and for readings between 29.9 in. and 29.4in., 
Correction when pressure is decreasing + .11 
” ” »» increasing + .04 

In the one case the difference between the errors 
for the rising and for the falling column is .08, in 
the other .07; an agreement sufficiently close to 
pass without comment. 

In the same way we obtain for syphon barometer 
readings between 30.5 in. and 30 in., 

Correction for falling column + .05 
” rising =,, +.07 
and for readings between 29.9 in. and 29.4 in., 
Correction for falling column +.03 
rising +.06 


” 


up these corrections or differences 
Fteatin the accuracy of the graduated 
the record papers, we get the 
readings 


Here again, in the one case, the errors differ by 
.02 and in the other by .03; the second difference 
being probably accidental, at any rate it is of no 
moment, 

The comparison shows that both instruments are 
sluggish, but the aneroid more so than the syphon 
barometer. It should be added that the aneroid is 
said to be compensated for temperature, and that 
the effect of temperature on the on barometer 
is ina) le, the indications g taken from 
the open end, which has a very short column of 
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THE PENNSYLVANIA RAILROAD; STANDARD TYPES OF LOCOMOTIVES. 
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mercury, the length of which is not appreciably in- 
fluenced by changes of temperatures. 

_ The most perfect barometer must always be a 
little behind the actual changes of atmospherical 
pressure, considered as pressure merely, because of 
the inertia to be overcome arising from the weight 
of the mercury and its friction against the glass 
tube. The mercury of a barometer is, moreover, 
virtually a body in motion, and must obey the law 
of inertia, which teaches that the motion will con- 
tinue after the cause has ceased to produce it, until 
its energy is destroyed. Whenever, therefore, we 
seek to make the barometrical column perform work 
as in a wheel barometer, or in the registering baro- 
meters which act mechanically, we increase the 
inertia and consequently render the instruments 
more sluggish than they otherwise would be. This 
circumstance has compelled meteorologists to resort 
to the photographical method of recording the height 
of the barometer. Photographic registration can 
only be carried out at regular observatories, and 
mechanical registration must be resorted to wherever 
else a continuous record of atmospheric pressure is 
desired. It is, therefore, an object of importance 
to improve and perfect these instruments. The 
aneroid possesses some advantages over the syphon 
barometer. The former is more portable, occupies 
less space, and is less liable to absolute breakage 
than the latter. 

In these mechanical registering barometers, the 
error with increasing pressure being different from 
that with decreasing pressure, the absolute highest 
and lowest pressures, and consequently the entire 
range of pressure, cannot be ascertained very accu- 
rately, because of the uncertainty of the correction 
at the points of contraflexure of the curves. 
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THE PENNSYLVANIA RAILROAD. 
No. XXX.—Locomorives. 

TuE present locomotive stock on the Pennsylvania 
Railroad consists of 1082 engines, of which about 887 
are in actual service, the remainder being in one or 
other of the shops for repairs. These engines are 
divided into ten classes, designated by the first nine 4 
letters of the alphabet. GOR 5 FET AIR et t Sacaate Diced 8. Oh. conE Acces + ’ 

Class A, Fig. 1, comprises 8-wheeled passenger loco- fsa pisos Mae sath 44°. #° total Wheel base iccghiadpicectiaigsste 3 
motives with 17 in. by 24 in. cylinders, four driving 
wheels 68 in. in diameter, and 4-wheeled trucks. 
The locomotives of this class run the regular re . 

assenger traffic except on the mountain and other é ; . ; 
seam gradients. a 

Class B, Fig. 2, are also 8-wheeled passenger locc - & ‘t 
motives, but have 18 in. by 24 in. cylinders and larger 
boilers, four driving wheels 62 in, in diameter, and 
4.wheeled truck. These locomotives are employed 
chiefly as passenger train helpers on the mountain 
sections of the line. 

Class C, Fig. 3, anthracite. The machinery of ---- 
this class is exactly like that named in the follow- 
ing paragraph ; the boiler is different to adapt it 
for the use of anthracite instead of bituminous coal. Ipsncivonese F Gf }sorcegnteltin ose Al 

Class C, Fig. 4, are the most mumerous in the [00 wrvees vretreteerretens + se 48'. ah Cotal Wheel 
passenger service and are also employed for local 
and fast freight trains. The cylinders are 17 in. 
by 24 in., four driving wheels 62in. in diameter, 
and 4-wheeled truck. 

Class D, Fig. 5. Ten-wheeled freight locomotives 
for service on the ordinary sections of the line. 
They have cylinders 18 in. by 22 in., six driving 
wheels 56 in. in diameter, and 4-wheeled truck. 

Class E, Fig. 6, are also freight locomotives, but 
for the mountain sections and other heavy gradients 
corresponding to Class B in the passenger service. 
The cylinders are 18 in. by 22 in., six driving wheels 
50 in. in diameter, and 4-wheeled truck. 

Class F', Fig. 7, page 68, are the standard 6- 
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TABLE XIIL— DIMENSIONS, WEIGHTS, &c., OF LOCOMOTIVES ON THE PENNSYLVANIA RAILROAD. 


















































% IL IIL. Iv. v. VI. VIL VIIL. Ix, x. 
OCuass A. OCuass B. Onass C. oe Co. : Cuass D. CxLass E. Oxass F, Crass G. Cuass H. Cuass I, 
oe — — ¢ racite, —_— —_— —_— oo —— — . 
: DIMENSIONS, WEIGHTS, &c. Passenger | Passenger | Passenger t Freight Shifting Passenger Shifting Freight 
Engine Engine Engine C) Engine Hagin Engine Engine Envine 3 
with with with th with th with with a 
Tender. Tender. Tender. Tender. Tender. Tender. Saddle Tank. Tender. Tender. Tender. PA 
Vide Diagram ove - oe . Fig. 1. . 2. . 3. . 4. & . 6. Fig. 7. Fig. 8. . 9. Fig. 10. 
S1ew aw ltl =0(6OR OS 4 ft. 9in. 4 ft. 9 in, 4 ft. 9in, 4 ft. 9in, 4ft. 9 in. 4 ft. 9 in. 4 ft. 9 in. 4ft. Sin. 4ft. 9in. 1 
WHEELS: 
2 | Number of of driving wheels _... 2 2 2 2 3 3 3 2 3 4 2 
3 | Diameter . *. paar 68 in. 62 in. 62 in, 62 in. 56 in. in. 44 in. 56 in. 44 in, 50 in. 3 
4 | Material of wheelcentres ... ose «| Oast iron Cast iron Cast iron Cast iron Cast iron Cast iron Cast iron. Cast iron t iron Cast iron 4 
5 © - o La Steel Steel Steel Steel Steel Steel. Chilled ©. I. Steel Chilled O. L Stee 5 
6 | Total wheel + os oof 22 ft Shim, | 22 ft. 5p in. | 22 ft. bgim, | 22 ft. sf in. 23 ft. 8in 23 ft. 8 in. 9 ft. 9 in. 19 ft. 9§ in 9ft. 10in. 21 ft. Gin. 6 
7| Length of rigid wheel base - « 8 ft. 8 ft. 6 in. 8 ft, 6 in. 8 ft. 6 12 ft. 5in. 12 ft, 8 in. 9 ft. 9in, 7 ft. 9ft. 10in, 13ft. 8 in. 7 
8 | Diameter of driving axle bearing on 7 in. 7 in. 7 in, 7 in, oy 6} in. 6 din} 6} in. 6} in. 6hin. 8 
9 ° » a it in. 74 in, 74 in. 7§ in. 74 in. 7} in. 7§ in. 7 in, 7§ in. = a 
10 | Diameter of main crankpin bearing... in. 3¢ in. | in. 4 in. 4 in. in, in. tin. in. 1e 
u ee atin 3§ in. 3§ in. in. 4 in. 4 in. 3} in. 4in. in. 5 ll 
12 | Number a weeels in front truck eos 2 4 4 4 4 4 2 12 
13 | Diamete ” ose 30 in, 28 in, 28 in. 28 in. 28 in. 26 in. No track 26 No truck 28 in 18 
14 | Type of treck ” so» wee ee owe | Swingeontre | Swing centre | Swing centre Swing centre |Swing centre |Swing centre Swing centre Half truck | i4 
OCYLinpers AND VALVE GEAR: 
15 | Position of cylinders we ses esl = Outside Outwide Outside Outside Outside Outside Outside Outside Outside Outside 5 
16 | Width from outside to outside of | 16 
cylinders om noe 81in. 81 in. 81 in. 81 in. 81 in. 81 in. 81 in. 81 in. 81 in. Sin. 
17 Diameter of toylinders eco ._ 17 in. 3 ts 17 in. 17 in, 18in. 18 in. 15 in, 15 in, 16 in, 20 in. Ww 
18 | Length of stro! < «. Hin | 24 in. 24 in. 22 in, 22 in. 18 in. 92 in. 32 in. %4in 18 
18 | Position of A= ny gear os oe ~—s oe Bot. frames | Bot ft ~” Bet. frames. | Bet.frames | Bet. frames | Bet. frames Bet. frames Bet. frames | Bet. 12 
20 | Type of . + o os Shifting link | Shiftinglink | Shifting lin Shifting link | Shifting link link, | Shifting link | Shifting link | Shifting link | Shifting link | 20 
91 | Travel of valve . 5 in. Sin. 5 in, Sin. 5 in. 4 in. 4 in, 4in, 5 a1 
22 | Outside lap of valve... = rm in. Ri in. in, 4m in. in. in. Zin. 4= in. 22 
23} 1 . ons ‘one one one one one one one None one one 23 
24 | Lead of valve... ° oo } in. pis in. = in. in. += ¢= jin. tin 24 
26 | Throw of eccentrics ese ove Sin. | in. } in, in, in. in. in. in. in, Sin, pr 
26 | Length of steam ports a "ws 16in. | i in. 16 in, 16 in. 16in, 16 in, 12 in. 12 in. 13 in. 17} in. 2% 
7), W vet ace eos! iy in. 14 in 1} in, | in, in- 1 in, 1 in. lin. lj iv. a 
38 ® a in. 2 in 24 in. Zpin. 3$ in. 2 in. in in. in. 38 
FRAME; Se 
39 | Class and material of frame «+ «| W,Linside | W.I. inside | W. I. inside | W.I. inside | W. L inside | W.I. inside | W. 1 inside, | W.I. inside | W.L inside | W. I. inside | 29 
Boller material | Steel Steel Stoel 2 
30 mate! ove eco ooo on } Steel Steel Steel Steel Steel Sweel 
91 | Thickness of boiler plates; barrel and 31 
dome in. io. vs in. in. in. iy in. rf in. ty in, in. in. 
33 Do. do. ‘outside flrebox ox slope my in. in, in. in. in. fm in. in. 32 
33 waist and smokebox in. in, i in. in, in. in. in, in, in. in. 33 
4 Maxima taeroaldlasmeer of blr. in. aS 51f in. 51g in. 5 = > im ¥ = rm « > in. - 
35 m in. in, 53§ in. 
36 | Height to centre of bélier trom top r —e = rare : a 
> = «ie = 76 in. T4 ia, 74 in, 74 in. 73 in. 71 in. 63} in. 70 in. 634 in. 77 ia. 
37 | Number of tubes woe ae 142 165 155 183 119 123 89 130 91 138 37 
38 | loside diameter of tubes | ooo es Zin, 2in. 2 in. 14 in. i i - Zin. 1§ in. Hf i 38 
39 | Outside , ” ont eco in. 2} in. % in, 2 in, 2} in, 2} io, 2 in 2¢in. 2) in, 39 
40 | Tube yy a. - om t iron | Wrought iron | Wrought iron weer ee , es Wrought _ bale rr ow iron a — ae ¢ 
Length between sheets 131 1274, in. 127 125, 
3 —- of internal diameters in ‘length a. ws v2 in, ve vw # ’ : Hi 42 
of tube one 65.5 63.5 63.5 7.7 67.5 64.9 74.5 65.7 69.5 68.1 
“a of firebox at bottom (inside) 664 in. Tap in in, 72.4 in. 119% in. 595 in, 67} in, 44} in. oat be. 54} in 96 in. 48 
44| Width 35 in. 35 in. 34} in. 35 in. in. 35 in. 35 385 in, 844 in 44 
45 | Height of crown sheet Sbove top ot grate 60§ in 604 in. 604 in. 4ft. 4in. 57% in 574 in. 45 in, 52} in, 464 in. 434 45 
4 | Inside firebox material Steel Steel Steel Steel Steel Steel Steel Steel 8 Steel 46 
47 | Thickness of inside firebox 5, sides in, } ia. } in. ; in. in, 3 in. } in. iin. in. in. 47 
48 Do. do. front, back, and crown in. ia. in. in, in. 4 in, % io in. in. in. 48 
49 | Thickness of tubeshects ..° | fin, | in. is in. fin. in. j in. fin in, 49 
§0 | Tubesheet material...  .., ue aes Steel tee! tee! Steel Steel tee! teel teel 7 
HEATING SURFACES ; | 52 
51 | Externai heating surface of tubes +++] 920.52 aq. ft. | 941.878q. ft. | 941.87 aq. ft, |71002.60 sq.ft | 997.25 aq. ft. | 994.83 sq.ft, | 651.92 sq. ft, | 652.31 oq. ft. | 776.18 9q. fh | 1158.65 aq. ft. | 53 
52 | Internal ” «| 815.48q. ft. | 858.708q. ft. | 858.70s8q, ft. | 878.450q. ft. | 886.55 sq. ft. | 885.6 0q. ft, | 578.58q. ft. | 574.0sq. ft. | 699.79 9q.:ft. | 1048.88 aq. ft, 
53 | Fire area through tubes 1, ve oe] 8.16 8g. ft, 3.37 aq. ft. 3.37 aq. ft | 3.05 sq. ft. 3.28 aq. ff. 3.39 eq. ft,| 1.93 sq. ft. 3.17 aq. ft. 2.51 aq. ft. 3,76 sq. ft, 
ES a et ey eo fu | oastey f | Lat ot ft tae ayte. | evoeagte | 7adleg. th 100,915q, tt ts 
oa ase 31, 15,11 115.1 t. \ ke . . ’ 
as [ cal = + tg OF 131,72 sq, ft | 1 aq. ft 8q. 8q. 8q 8q. 5q 8q 8q. 8q. ~ 
24 ft. 98 aq. ft, | 1056.98 sq. ft.| 1161.150q, ft. | 1093.99 aq. ft. | 1096.10 aq. ft. | 712.51 9q.ft. | 721.35 eq. ft. | 865.24 oq. ft | 1259.56 aq. ft 
37 Toul heating Sartace with internal ares| 205%4f%. | 1096.98 eq. fh, 54 “4 "1 sq * 69. “4 sq.ft} 
: . . ft | 973,516q. ft. | 1036.95 sq. ft. | 982,59 9q. ft. | 996.875q. ft. | 689.79 sq.ft. | 640.04 aq. ft. | 778.905q. ft. | 1144.10 9q. ft, 
Po Eternal tube surface divided by rebox| "712 °0-ft | 973.510q ™ es ~ ‘ ” ” pa ett 
a 6.98 8.18 8.18 6.32 10.39 8.85 10.62 9.44 9.80 11.48 
50 Total | heating surface divided by fire- 59 
BUBIO ATOR ones nes nee ate 65.36 60.5 60.5 39.86 75.38 67.18 66.59 64.79 54.76 
60 | Firegrate area divided by tubearea 5.09 5.23 5.22 9.55 4.42 4.85 5.54 6.13 5.25 6.16 60 
MISOBLLANEOUS: 
61 | Maximum diameter of "oe 18 in. 18 in. 18 in. 18 in, 36 in. 36 in. 30 in. 17 in. 30 in. 40 ta. 61 
62 | Minimum 18 in. 18 in. 18 in. 18 in. 18 in. 18 in. 16 in. 17 7 in. 16 in. 20 in, 62 
63 | Height of stack from rail “ 14 ft. 8 in. 14ft. 8 in. 14ft. 8in, | 14 ft. 8 in. | 14 ft, 8 in, 14 ft, 8 in 14 ft. 14ft. i 14 ft. 15 ft. 11f%, | 68 
oh ee Least costionsl aren ot chimney oan Sa a a 4 y ’ Maer, : + ater, Ay og a ter, : + + 37 = ry >! Ste ca Ad x | ped : hy mua : . ts 
: . 1.767 sq.ft, | 1.767 aq. d . tt. i ’ ’ F ® .23T,sq. ; 
“ divided by —— ea | 1.767 aq. q aq 8q aq. ft, 8q 8q sq 8q ~ 
area of chimney .., 9.11 9.96 9.96 16.48 8.20 9.24 8.72 8.50 10.8 10,54 
67 | Pressure of steam 4H square inch’ 125 Ib, 195 Ib. 126 Ib, 135 1b. 125 Ib. 125 Ib. 125,)b. 125 Ib. 125 Ib. 126 Ib. 67 
68 | Effective popes pw mde inch esti- 68 
mated at four-fif 100 Ib. 100 Ib. 100 Ib. 100 Ib 100 Ib. 100 Ib 100 Ib. 100 Ib. 100 Ib. 100 Ib. 
69 | Tractive force per pound of effect effective 69 
. yet my = square iach of piston 125.42 111.88 111.88 127,29 142.56 920.45 88.39 112.50 192.09 
9 | Totai tractive force with effective Pres- - 70 
Sees 6h wn rue sd 10,200 Ib. 12,542 Ib. 11,188 Ib. 11,188 Ib. 12,729 Ib. 14,256 Ib, 92,045 Ib. 8839 Ib. 11,250 Ib. 19,200 Ib. 
71 | Natureoffuel _.., - | Bit, coal [Bit. coal Bit. coal Anthracite Bit. coal Bit. coal Bit. coal Bit. coal Bit. coal Bit. coal | 71 
72 | Weight of ae empty « | 65,200 Ib. 67,100 Ib. 66,800 Ib. 68,630 Ib. 68,500 Ib. 69,200 Ib. 52,500 Ib. 54,150 Ib. 53,100 Ib. 82,130 Ib, | 72 
73 = inservice...  . 71,900 Ib. 76,350 Ib. 75,500 Ib, 78,750 Ib." 77,400 Ib 75,600 Ib. 63,500 Ib. 60,000 Ib. 60,450 Ib. 91,6401b. | 78 
TexpsR; - ape 
74 | Capacity of tan se wwe wee wee} $400 gal, 2400 gals, 2400 2400 gals. 2400 ‘ 2400 gals. 1600 2200 gals. 3000 gals. | 74 
15 tank pa s} 8000 Ib, S000 Ib. 8000 fb. 8000 Ib, pod ime 8000 tb. 1500 Ib. 6500 Ib 5000 Ib, pod ony 15 
76 Number of wheels of tender eve eve 8 al a 8 . - = 8 som, a soi. S } 
77 | Diameter 33 in. » 33 in. 30 in. 30 33 in. 
78 | Material of wheels in engine and ‘tender po tender 78 
Ce alle - 4 ©. L chilled | 0.1. chilled | O.I.chilled | ©. L chilled | ©. Lchilled | 0. L chilled. C.L. chilled | C. I. chilled | O.I. chilled 





wheeled shunting locomotives, with cylinders 15 in. 

by 18in., opm wheels 44 in. in diameter, and no 
y carry asaddle tank over the boiler. 

Class G, Fig. 8, Standard 8-wheeled light ballast 

locomotives, used also for service on branch 

lines; they have 15 in. by 22 in. cylinders, four driv- 

we ' whee 56 in. in diameter, at 4-wheeled truck. 


lass H, Fig. 9, very similar to Class F ; they have 
six driving wheels 


15 in. by $8 ince 44 in. in 





diameter, and no truck. They carry no tank on 
boiler. but have a separate tender. 

Class I, Fig. 10, comprises the heavy freight loco- 
motives lately introduced on the road ; ; they are — 
both to hg mountain divisions and on those of 





68 show = general form and distribution =4 
weights in the es of their various types, an 
engin tye 


the Table above gives in 
of material employed, 
weights, and capacities of all the different classes. 


the dim 


ensions, 


col 


detail 


oe They have 26 in. by 24 in. cylinders, ei ht It will be observed that, with the ex of one 
ae wheels 50 in. in diameter, and 2-wheeled | of the C t, bituminous coal is emplo The 
engines are designed in conformity wi g 

“Gib Gigine te Ge quntin page and on page | American practice—the light bar frame, truck at 
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the forward end, outside cylinders, &c. Steel is 
the material employed always for boilers and fire- 
boxes, all wheel tyres are of steel, but the truck 
wheels are of chilled cast iron. As we shall pro- 
ceed to illustrate fully all the constructive details of 
these engines, we need only refer to them in general 
terms on the present occasion, with reference to the 
Class C anthracite engine of which we publish 
this week a two-page plate. This engine has four- 
coupled wheels 62in. in diameter, the forward part 
being carried on a track with four wheels 28 in, in 
diameter. The distances between trailing and 
leading wheels, between the latter and the centre 
of truck, and the distance apart of the truck wheels, 
are respectively 102in., 133gin., and 68in. The 
total length of the engine is 27 ft. 73 in. The frames 
are of the usual type, consisting of bars 3 in, by 
4in,., double and connected together, as far as the 
front of the leading axle-boxes, and single from 
this point to the end of the engine. The transverse 
frames, shown clearly in the drawing, extend 
between the main frames, one at the end of the 
guide bars, and a second 38 in, further to the back. 
The cylinder castings extend each to the centre 
line of the boiler, and are bolted together, the 
upper face forming a saddle, in which the smokebox 
rests. ‘The lower part of these connected castings 
takes a bearing upon the truck, as will be shown 
hereafter in detail, As will be seen by the plan, 
the firebox is arranged for burning anthracite coal, 
having a far larger grate area than is given to the 
bituminous coal-burning engines, and it is provided 
with a water-tube grate, the arrangement of which 
closely corresponds with that employed in the sta- 
tionary boiler we illustrated and described on 
page 476 of our last volume. 

The Pennsylvania Railroad Company have carried 
out completely their system of interchangeability of 
parts, and very many of the details of one engine 
are applicable to others of a different type. Thus the 
maximum variation is only four different patterns of 
brass or iron castings for any given pert, for the ten 
different classes of engines built, Class I, the heavy 
locomotives for freight and mountain service, possess- 
ing more distinctive features than any other. The 
following summarised Table will show the extent to 
which this interchangeability of parts is carried, 
We should mention that there are about 150 diffe- 
rent castings of iron and brass used upon each 
engine: 


TABLE XIV.—Showing Interchangeability of Castings 
upon the Various Classes of Engines on the Pennsyl- 
vania Railroad. 








ba Se sé 
38 | Commonto |§.8 Common to ‘B38 aK ~ 8g 
Be | Classes. E @| Classes § | Classes. 
Z° | 2S 5S 
#) ABE | t) ob | iP e 
1 > > 
14 AtoG | DE | 2%4/F, GH 
8 | A B DE G i a ; PH 
6 A, B, 4, b, B, 1 2 DBP, HI 1] FG 
6 , B,C, G 3/ DEG | 
6 | A toH 1} E, | 
5 | A,B,C, DEG | 2 DE, @, HI 
vo 1D, \, » Dy ? 
3 | Db, G 
1 B, ¢, 
1 A, D, F,G 











TABLE No, XV.—Castings Special to Different Classes, 


Number of Class of 
Castings. Engine. 
2 B 
1 D 
9 Cc 
6 E 
46 I 
9 F 
9 H 
1 G 
1 D, 


84 special castings for nine classes. 


From the foregoing Tables it will be seen that out 
of the 1500 castings (in round numbers) required 
for ten engines of the different types, 84 special 
patterns only are ee among nine classes, of 
which 43 are used in Class I alone, while 178 pat- 
terns are distributed among the ten classes. Inthe 
same way the variations in forgings are reduced to 
the narrowest limits. The number of forgings in 
each engine averages 245, and with very few excep- 





tions these are identical in Classes A; B,C, D. A 

ter variety exists in the remainder, especially in 
Class I, which, as will be seen, is of quite a special 
type. . 





A NEW DYNAMOMETER, 
On a New Dynamometer for Measwring the Power De- 
livered to the Screws of Large Ships.* 
P Mr. Leterme yy pe np yy 3 wouter. o 
N the preparation o esign of a dynamom - 
culated to test the er delivered at the end of the screw 
shaft by i marine engines—a duty igned to 
the writer by the Admiralty—the well-known friction 
brake, which he had in view when first entering on the 
inquiry, proved to involve 
Srcslshe Gtsoech pouk ok Segatham s cal te eae 
essen erent point o' ; in 
that which he was fortunate eno po 
ining the apparatus which embodies it, the disadvantages 
of the friction brake will be safficiently explained. 
In the friction brake dynamometer the power delivered 
to a revolving shaft is measured by the rate at which a 


definite weight is pang ey Eset or vitenlly deowe 
up out of a well of indefinite depth; and the number of 
foot-pounds of work done per minute is the circumference 
of the drum at the effective radius at which the weight is 
lifted, multiplied the weight and by the number of re- 
volutions minute ; and the effect of a greater or less 
—— power will be a variation, not in the drivi 
force, but in the speed of rotation. Simple, effective, and 
convenient as the arrangement is when employed on a 
small scale, it proves to involve serious difficulties when 
greatly magnified ; of these the most intractable is the 
great amount of heat which is developed between the 
rubbing surfaces, when the horse power is being counted 
by thousands instead of by tens; and it was chiefly in 
order to escape this difficulty that the writer sought some 
fresh modus operandt, and ultimately felt his way to the 
onan now to be described as a substitute. 

Under this arrangement it will still happen that the 
engine in delivering its will be virtually winding up 
a weight out of a well of indefinite depth ; but the weight, 
i of being constant and assigned, will vary with the 
speed of rotation, much in the same way as that of the 
propeller itself does; and thus the wor ‘ormed by 
the engine under trial will more closely resemble its natural 
work, though the same circumstance renders necessary an 
automatic method of recording the variations of the resist- 
ance (or of the weight that is in effect being lifted), which 
oceur during the trial. 

The reaction, it will be seen, instead of arising from the 
continuous friction of two solid surfaces, will consist of a 
multitude of reactions, supplied by the impact of a series 
of fluid jets or streams, which are maintained in a condition 
of intensified s bya sort of turbine revolving within a 
casing filled with water, both the turbine and the casing 
being mounted on the end of the screw shaft in place of the 
screw, the turbine revolving while the casing is dynamo- 
metrically held stationary; the jets being alternately 
dashed forward from ey aa sy in the turbine against 
a in the interior of the way Derg to 
impress forward rotation on it, and in turn hed back 
from thejprojections in the casing against those in the tur- 
bine, tending to resist its rotation. The important point 
is that the speed of the jets is intensified i 
to which they are thus alternately subj ; and thus in 
virtue of this circumstance ‘a total reaction of very great 

is maintained within a casing of comparatively 
very limited dimensions. 
e details of this arrangement as shown in the accom- 
penying am, be subsequently explained.+ 

In Fig. 1, A A represents the screw-end of the screw- 
shaft ; B B shows in section what has been termed “‘ the 
turbine ;’’ it is a disc or circular plate, with a central boss, 
keyed to the screw-shaft in place of the screw, and revolving 
with the shaft. The disc is not flat throughout its entire 
sone, being shaped into a channel of semi-oval section, 
which sweeps round the whole circumference concentricall 
to the axis. Togive definiteness te the ion, imagine 
that, to deal with an engine of 2000 indi horse power, 
the diameter of the turbine disc to the outer border of the 


channel is 5 ft. 
In Fig. 2, Fig. 1 is ted, and what has been called 
‘* the casing”’ is added, being indicated by the letters C OC, 
D D, the former representing the front and the latter the 
back. The face carries a channel, the counterpart of that 
carried by the disc, which it also fronts precisely, so that 
the two semi-oval channels in effect form one complete 
oval fre yemy though the = poo are 2 ee 
separated by an imaginary plane of division. 
the casing embraces or includes the disc entirely, but 
without touching it; the —-* also provided with a 
boss, which is an easy fit over that of the dise or turbine, 
and thus the dise carried by the shaft can revolve within 
the casing ne gs erp g if “— the casing itself is 
stationary, and one- e oval is running 
round while the other half is at rest. 

Thus far the two half channels have been regarded as 
open and unobstructed; they are however in fact each 





greater difficulties than antici- | cell 


h to discover, and in ex. | T° 


the reactions | 41, 


which io tus inn netaamh seeett te 
Ww is for the moment opposi 
channel, the two togeth 


connexion with the cell 
it in the coun’ 
one complete 
oval channel may be 
placed circular cells, 
turbine (as it will now be called) is to rotate while the 
cosine, Straetes 8 beth: one Ses ae See See eae) 
past the other half in such a manner that the moving ; 
if viewed from its seatlougnr ccmbenees would by reason 
of the oblique direction of the diaphragms which 
sides ap to be advancing antagonistically towards 
it; indeed the motion virtually constitutes such an advance, 
because the bottom of each moving half cell is nr 

wing nearer to the bottom of the stationary half 
which it faces. The effectiveness of the combination to 
resist rotation will be seen to depend essentially on this 
=o mistic virtual approach of the moving to the 
stationary . 

The channel and the whole casing is filled with water, 
and the disc or turbine is made to rotate as described. 
When the turbine is —— in motion, the water con- 
tained in each of its cells is outwi 
centrifugal force; and in obeying this impulse it forces 
inwards the water contained in the statio: cas 
cells, and thus a continuous current is esta ed, outward 


in the turbine’s half cells, inward in those of the casing. 
The current, though itis in fact originated solely by 


centrifugal force, possesses when once into existence 
a vitality and power of — quite independent of cen- 
trifugal force, and dependent on what has been termed the 
virtually antagonistic attitade or motion of the two sets of © 

i , and the cells of which they are the boundaries. 
The nature or the modus 


«of this 
growth, though intelligib 
of the ee is Gamdanth proved by 

power is a experim 
therefore the growth of the currents under the influence 
of the power may be provisi itted, the discussion 
of the principle on which the action depends is deferred to 
an appendix. It is necessary to state here, as one of 
the results of the discussion, that, with ee 5 agape of 
a: My rev of internal motion oe 
vf ial” or definite speed- i wer, W 
continue to inerease the’ eed of the currents ‘until the 
riction experienced by them e cells produces 
a resistance equal to The potential. This frictional resis- 
tance, as wéll as the potential itself, are alike proporti 
the speed of the turbine, and thus 


of current- 


S Swen an ee eee 
res 8 current is Cc) 
speed of the turbine simply. ss 


oerte mazaee in whic, The cuente, when enabithed 
uce the dynamometric on, can be very 
easily. The explanation already given of the internal form 
of the cells which the current traverses, shows that the 
volume of water which constitutes it in each complete cell 
may as a ci e@ or disc of water, 
rotating in its own plane between the dia » which 
define the direction of the water disc and which are the 
boundaries of its thickness. It will be noticed that as the 
diap radiate from a centre, the discs of water which 
they enclose will not be of parallel thickness poy a 
furthest from the centre being thicker than 
nearest to it; but if we assume that the breadth of the 
channel in the turbine, which close, is small com 
Seubinn, end dah Go. dnsloomeren ely cos ogetior 
, an e diap’ sare er, 
this inequality of fhicknee ill be out of = ; and 
it will be convenient to treat the matter thus, ugh a 
little consideration shows that the circumstance does not 
affect the result. 

Each of these rotating circular water discs may now be 
clearly ed as subdivisible into, or consi of, & 
series of hoop-shaped pipes or tubes of infinitesimal thick- 
- laid one baw oe die om yg > ps4 with a stream 
of some appropriate speed, the si © pipes henge | 
merely imagi boundaries ; and the disc made up 
these streams will constitute.a sort of vortex. 


is 
constantly tending with a determinate force to stop the 
rotation of the turbine, and to create rotation in 

A simple way of expressing the magnitude of this force 
is to regard it as due to the po timad in each semi-revolution 
of the vortex (that is in the traverse of each half cell), of 
the aggregate momentum of the vortex streams, measured 
in the plane of rotation of the turbine; for the streams 
mie 06 Catering the con oon Tats fn-cus dications Oe 
flowing in the opposite direction with precisely the same 
8 on leaving it, and the force due to the reversal is 
portionate to the amount of momentum re-. 





osed or cut across a series of fixed diaphragms, a mm 

single ome of which is ahowa in Fig: 8, as inits place inthe | Yers@d per second. This is Fbay hp pn be 
channel. The diaphragms cut the channel, not per- | in the tion of the turbine; this of 

pendicularly, but obliquely, being semicircular in ou speed is plainly twice the speed of the turbine the 
so that when set obliquely their ciroular edges fit the oval | Sree 0, Pam Y owes ait, athe mean speed of the v. 
bottom of the channel, while their diameters the | current, whicb, as has been already explained, bears a con- 
major axis of the oval. Fig. 4 shows one of the diap stant relation to the of the turbine ; so that the-ten- 
mech sage hay any (Pay ely acs «+ of of each vortex to stop the rotation of the turbine, 
bea Bd this were transparen and to give rotation to the casing, is as the square of the 

* Paper ry parene the Institution of Mechanical | speed of the turbine. ¥ 
Engineers at Bristol. The nt of reaction just described would continue 

+ These drawings we shall publish, with the remainder | act fora while, even if the turbine were suddenly brought 
of the paper, next week. to rest, for the vortical rotation to which it is due could 
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THE PENNSYLVANIA RAILROAD; STANDARD TYPES OF LOCOMOTIVES. 















































(For Description, see Page 65.) 
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continue, though with gradually diminishing speed, until 
it was extinguished by friction ; but there remains another 
element of reaction to be taken account of, which exists 
a while the turbine is in rotation. 

his is due to the circumstance that the imaginary hoop- 
shaped streams, of which each vortex is made up, are per- 
petually being severed or ‘‘ sheared” by the passage of the 
planes of the turbine Saghengms pest those of the casing 
diaphragms. The action here referred to does not inter- 
rupt or alter the effective o_ of the streams thus dis- 
placed, for these, in virtue of the incompressibility of water, 
must each traverse its imaginary pipe everywhere with the 
same speed ; but in virtue of the action, the particles which 
poe | en nam at se see ¢ shearing g: be 

ly undergoing alternate c' of » . - 

wards and Pome in the plane of rotation of the turbine, 
for as they pass from the statio casing to the 
ro turbine cells, they are obliged to assume the speed 
of the turbine in its plane of rotation, and they thus react 
on the turbine diaphragms with a definite force, due to the 
amount of momentum per second imparted to them in 
transition ; and again, as they pass from the rotating tur- 
bine cells to the stati pepe eee 
lose that speed in the plane of turbine rotation, and the 
thus act on the casing cells, bony be push them forward, 
with the same force with which their reaction, just de- 
scribed, tended to push back or stop the rotation of the 
turbine cells ; the same force, because the same mass per 
second, is acted on in both instances, and the same speed 
is in the one instance imparted, in the other instance taken 
away. 

ere also it is clear that the reaction is as the square of 
the s of turbine rotation, since the momentum gene- 
rated per second (ou which the reaction di ds) is as the 
product of the mass operated on per second and the speed 
imparted to it ; now the speed imparted is simply the speed 
of the turbine, and the mass operated on is as the speed of 
vortical rotation, which, as already explained, is necessarily 
as the speed of the turbine. 

(To be continued.) 





TURNER'S HORSE GEAR, 

Weannexan illustrationof a very neat type of horse gear, 
constructea by Messrs. E. R. and F. Turner, of Ipswich, 
and exhibited by them at the recent Show of the Royal 
Agricultural Society. The main wheel is internally 
geared, and drives a pinion cast in the same piece with 
a bevel wheel, and revolving on a pin keyed to the lower 
part of the frame. A bevelled roller running free on a 
pin passing through the side of the frame bears against 
the upper edge of the bevel wheel, and keeps it steadily 
in gear with the pinion. The bedplate is rectangular in 
form, and the bracket carrying the upper bearing of the 
main shaft is light, and occupies but little room. The 
gear is, in fact, extremely well designed and adapted for 
its work. 





Tue VicroriAn Mint.—The quantity of goldreceived at 
the royal mint, Melbourne, in 1875, was 489,732 oz. 
valued at 1,947,713/. Of this gold, 3558 oz., valued at 
13,857/., was issued as bullion, and the remainder was 
evined into 1,888,000 sovereigns. The receipts of the mint 
in 1875 amounted to 7,928!. 





Tue Sours Arrican INTERNATIONAL EXHIBITION. 
—We are informed that the only Gold Prize Medal for 
pa nt pe machinery at the South African Inter- 
national and Intercolonial Exhibition,|Cape Town, has been 
—— ied to Messrs. F. W. Reynolds, of the Grove, South- 
wark. 


Tur Pusiic Heattu Bruu.—The Bill ha: fallen under 
the category of the ‘‘ Massacre of the Innocents,’’ Yes- 
a w Mr. Sclater-Booth stated in the Commons 
that the Public Health Bill was pre last year at the 
instance of the Statute Law Revision Commissioners, in 
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CONSTRUCTED BY MESSRS. E. R. AND F. TURNER, ENGINEERS, IPSWICH. 






































McLAREN’S TRACTION ENGINE. 
In our issue of the week before last (vide page 37 ante) 
we illustrated a 12-horse traction engine, constructed by 
Messrs. J. and H. McLaren, of Leeds, and in the same 
number, in the course of our notice of the Royal Agricul- 
tural Society's Show, we had occasion to speak of a 
6-horse traction engine by the same makers, which they 
exhibited at Liverpool. As we then stated this latterengine 
differed from the 12-horse engine we illustrated, in some of 
its details, and of two of these details we give engravings on 
the opposite page. It will be remembered that in Messrs. 
McLaren’s engine the expansion of the boiler is allowed 
for by permitting the cylinder to slide on a saddle cast- 
ing fixed to the boiler, and this arrangement necessitates 





order to su ent the work done by the .Consolidation 
Act of 1875, which put together the substance of thirty 
Acts of iament so far as they applied to the country at 
large. This year, certain provisions have been added to 
the Consolidation Bill that experience had shown to be 
desirable. Many of the local authorities within the metro- 
is, poe yp ° — to the consolidation of the —- 
ws, and mem representing metropolitan consti- 
tuencies were not satisfied to allow the Bill to proceed uu- 
pg anon The only object had been to introduce a measure 
consolidation, but he thought it better, for the present, 
to withdraw the Bill in the hopes of amending the sanitary 
laws affecting the metropolis next session. 





ing catch provided for securing the pins by which the 
driving wheels are coupled to the driving axle, this catch 


the employment of an expansion joint in the steam con- 
necting pipe. In the 6-horse engine above referred to 
this expansion joint is neatly arranged, as shown in the 
annexed Figs. 1, 2, and 3, the rosa J forming the stuffing 
box for the joint also containing the stop and throttle 
valves, as shown, while the upper part forms the standard 
for the governor. The whole arrangement will be readily 
understood from our engravings. 

Figs. 4and 5 annexed show tbe arrangement of lock- 





consisting of a spring } carrying a stud a, which enters 
into a groove formed in the pin c, as shown. The catch 
is neatly arranged when it is out of the way and pro- 
tected from damage, while it is readily accessible. 








Tux INSTITUTION OF MecHANICAL ENGINEERS.—The 
offices of this Institution will be removed on Saturday, 
28th inst., to 10, Victoria Chambers, Victoria-street, 
Westminster, S.W. 





WARRNAMBOOL BrEakwaTER.—The Victorian Com- 
missioner of Railways and Public Works has laid the foun- 
dation stone of Warrnambool Breakwater, a work which 
has long been required for the protection of vessels fre- 
quenting that port. Some progress has already been made 
with the work. The intention is to construct a rough wall 
across the south-eastern or exposed side of the harbour, so 
as to protect it from south-easterly gales. The harbour is 

naturally on the south-west = _—— reefs. A 
2 


contract has been entered into for of 12,090 
cubic of composite blocks at a cost of "31, 500. It is 
e that these blocks will form a line 200 in 
length, bat the wall will have to be extended 400 yards 
further before the work can be considered complete. The 
present contract is to be carried out by June 14, 1879. 
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DETAILS OF 6-HP. TRACTION ENGINE. 
CONSTRUCTED BY MESSRS. J. AND H. McLAREN, ENGINEERS, LEEDS. 
(For Description, see opposite Page.) 
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FORCES ACTING BETWEEN VALVE 
SURFACES. 
To THE EpIToR oF ENGINEERING. 

Srr,—The abolition of the friction attending the ordinary 
mode of application of the slide valve has at all times 
engaged the attention of thinking engineers, because of the 
great load it imposes on the steam engine, and consequently 
great tear and wear of all the working parts.. Many and 
numerous have been the devices for the accomplishment of 
this object, and great has been the erance and 
determination of engineers in their endeavours to solve the 
most difficult problem connected with the anatomy of the 
steam engine, but for as many as have tried just so many 
have failed, because they were not aware of the forces 
acting between the surfaces they were dealing with. 
Notwithstanding the failure of those attempts, the 
volcano is not yet extinguished, for as coming events cast 
their shadows before, so smoke emitting from the crater by 
the cirenlars of the Society of i proclaims tha‘ 
eruption will take place in ee of that body of 
men, at their next meeting to held at Bristol on the 


24th inst., by Mr. Webb, of Crewe, reading a paper ‘‘ On 
the Balancing of the Slide Valve.” + something new 
will come from his pen I have no doubt, and I wish him 
every success, and now to our task. 

Fig. 1 is a section of a slide valve laid on the cylinder 
face, and at the commencement of the stroke. This posi- 
tion is chosen because it is the one at which the negative 

. The forces acting on the back of 
ress the valve to the cylinder face, 








by a three-armed a 4 


ring 
quantity of steam from the back 


y Aachen of the 
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It is required to find the proj 
, which will displace the 
of the valve, such 


fiat the 


valve will not leave the cylinder face at any position of the 


stroke. 


Fig. 2 is a plan of the valve showing its outer and inner 
e On Casa centre describe the circle D E F; the 


un ced spaces are 1 and 2, as unbalanced and 


tive 


forces tending to turn the valve on the edge GH as a 
fulcrum, and they would assuredly do it were it not that 


they are prevented from accomplis 
nade positive forces 3 and 


hing their design by the 
4 tending to keep the 


valve to the cylinder face, and the balance is maintained 
when the sum of the forces 3 and 4 multiplied by the dis- 


sum of the negative forces 1 and 2 mult 
of their centres of action from G H, 


the state of instantaneous 
































relatively 


tude of the forces. On the other parts of the valve the forces 


are equal 
re 




















circumferential line, set off the 
., and dra’ 
the cen 


circular pence, because : , 
multiplied by the distance of its centre of action from B C 
i equal to ihe onen of the triagle N C B multiplied b 
distance of its centre of action B C, then P and R 
sacs cins \oth quaillin aaah unantiva, ak wollen 
ment ring positive ive, ui- 
distant from C, C is the centre of formation of ring, it 
is also the centre of pod et force, but it cannot be the 
centre of the two unequal forces acting on the upper side 
of the displacement ring. 
Let BR represent the absolute temperature of the positive 
initial force equal to 140lb. per square inch above atmo- 
heric pressure, equal to 827 deg., and let P represent the 
absolute temperature of the anuene exhaust force, equal 
also above atm 


here to 
by the distance RP, and 
01 


” and the following 
useful discussion in your columns. 
ree r Tuomas ADAMS, 
‘Works of the Ant and Bee, Manchester. 


Se cloak ts ie cave eT 
wish to add a words to the discussion now 
ENGINEERING, though I have only received the num- 




















our 
for J 

Fa declares this valve to be ‘‘ mathematically 
balanced under all conditions of practice.” I have become 
convineed by some six or seven of e enting, 
that under certain ci eae Se. penatins BF See pee 
fectly balanced and that there are constructive modifica- 
tions worthy of consideration. One element tending to 
throw the valve out of balance is this. When the engine 
is running at high speed the steam rushing through a half- 
open port to the cylinder creates an eddy or partial 
vacuum in the corner marked a in Fig. 1, which is over- 
balanced by the steam at rest at 6. Again, if the valve 
becomes worn so the steam can in the least penetrate 
between the s , unless it occurs equally, the valve 
will be crowded over to one side and produce friction. 
What I have to say further may be looked upon as outside 
the question, but as the object of the discussion is, I pre- 
sume, to find out how to make a cheap, tight, easy-moving 
engine valve it will be well to take into consideration con- 
straction as well as theoretical elements. 
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In the valye shown by Mr. Adams the false ports are 
formed in the steam-chest cover, a plan at one time adopted 
by Mr. Porter in the Allen engine, but since abandoned. 
In our engine, as will be seen by the drawings before 
mentioned, we use a very rigid cover plate. If, as is the 
tendency with cap steam, there is any spring in 
either the cover plate or steam-chest cover, the cover plate 
will be tightest when the pressure is test, whereas 
with the steam-chest cover as a cover plate the steam would 
leak when at the highest pressure, if ever. Again, it is no 
easy matter to fit a steam-chest cover down so as to have a 
steam-tight sliding fit on a valve that cannot be seen’; 
while with our arrangement the whole work, except that 
of making the valve face flat, is done on the bench. Of 
what is of far more importance in the use of this arran; 
ment is, that if water is caught in the cylinder the = 
will lift from its seat the same as the ordinary slide valve ; 
and if it becomes necessary to refit the valve, any workman 
who can make a fit can, with the aid of a surface plate, file 
or scrape down the two loose strips until the valve has 
only the proper clearance. The modifications we have been 
led to make to neutralise so far as possible what we deemed 
to be destroying causes are shown in Fig. 2. In lieu of 
the small holes, shown in our original valve and also in 
Mr. Adams’ valve, communicating with the'false ports, we 
slot out the valve nearly its entire length, and cut out the 
false parts semicircular as shown, thus opening a double 

rt. By experimenting with a pair of surface plates we 

‘ound that when they are slid one upon the other a con- 
siderable distance and very rapidly a film of air is 
maintained between the two, and they move much more 
freely than when moved slowly or a short distance. 

Another thing we determined very surely by e i- 
menting with the stuffing-box. and it is, thatia fit need net 
be a very close one to prevent steam from ing through 
if the surfaces are lo 


ng. 
To profit by these Giavrestes we have given the valve a | Barnard 


very much greater travel, added to the width of the valve 
faces m an easy running valve, insuring a sharp cut- 
a ey ubling the width of the face there is not one 
quarter the liability to leak and cut. We leave the 
edges ny valve — the mes as it gee 

sand, and dress out the parts correspond, main- 
taining sharp, durable corners. the two anti-friction 
rollers under the lower of valve it is relieved 
of the friction due to its own weight, and the additional 
friction caused Sg Go geeanene of steam on its upper edge, 
which is sure to its way over the valve, as a valve of 
this kind cannot be a steam-tight fit in its vertical 
of staching dioe valve rod sebiah atsnits:of theeatens being 
direction great m time method 
removed without , we have what seems 


disturbing the rod 





: Joum E. Swzer. 


Department of Mechanical Engineering, 
Cornell University, Ithaca, N.Y. 


To THE EpITorR oF {oy 

Stn,—Replying to my ious letter upon the pressure 
between valve surfaces, Mr. , 3 Adams prosnised to give 
your readers his views upon the subject in three letters, 
one only of which has appeared, and in which the 
only of the subject has been touched. Mr. Adams m y 
states, that a valve with all its opposite surfaces equal an 
similar to each other and under identical conditions of 
steam pressure, will be in equilibrium. This is obvious. 
But the question raised was not the relative pressures on 
the opposite surfaces of a valve, but the absolute pressures 
between the surfaces in contact ; i.e., between valve and 





seat. 
Awaiting Mr. Adams’ further communication, 
I am, Sir, yours truly, 
Cc. G. Mason. 


Wiggin-street, Birmingham, July 23, 1877. 





THE BAXTER ENGINE. 
To Tue EpiTor or ENGINEERING. ; 

oe me to correct an error bg eee in your 
notice e Baxter engine ing in week’s issue 
of Encinzrerine. In referring to the two of boilers 
used, it is stated that the type shown oe oes 
only ‘‘ forengines wnder two horse power.” should read 
‘for engines of two horse power,” no smaller size being 
manufactured. 

I am, Sir, your obedient servant, 


W. A, CompBsr, , American Motor Company. 
Congreve-street, Birmingham, July 23, 1877. 





THE NEW YORK AND LONG ISLAND 
BRIDGE. 


To THE EDITOR OF ENGINEERING. 

Sizn,—Your editorial of June 1st on the report of the 
consulting engineers of the New York and Long Island 
Bridge, leads the reader to suppose that General J. G 
Barnard, U.S. Engineers, is responsible for the award made 
by the brid, directa rs in favour of the plans of Mr. 
MeDonald of the Delaware Bridge Company in preference to 
to those of Clarke, Reeves, and Co., and t General Gill- 
more, U.S. Engineers, was the advocate of the latter design. 
In this you have unintentionally done great injustice to 
General ing him a as approving of 
the cantilever plan, whereas he consi the —— arch 
design of Clarke, Reeves, and Co. incomparably superior 
to it. 

You quote the words of General Gillmore, in which he 
declares that the design of the Delaware Bridge Company 
is ‘‘ too narrow for entire security against wind pressure,” 
and that ‘‘the whole system—bridges and high trestles— 
appears to be deficient in lateral stability,’’ and you also 

uote his remark that “‘ oo of Clarke, Reeves, and 

. is the only one submi to us that I would be will- 
ing to recommend for adoption by your company as it 
stands and without modification.’”” But as you do not 
give the names of those who voted for the eantilever de- 
sign, of course your readers would infer from these quota- 
tions that General Gillmore certainly did not, and, there- 
fore, that General Barnard and Mr. Chanute were the two 
who did recommend it for adoption; whereas it was by 
the vote of General Gillmore and Mr. Chanute and against 
the earnest protest of General Barnard, who considered it 
immeasurably inferior to the design of Clarke, Reeves, and 
Co., that it came to be approved by the directors. General 

a ’s supplemental report on this subject is an ad- 
mirably written paper, but you make no reference to it. 
He very clearly defines his position in it upon the very im- 
portant and interesting problem submi' to them. With- 
out intending it, your article the respective 
positions of Barnard and Gillmore completely. 

It mag be as well to state jhere that on the question 
among the members ofthe commission, as to which plan 
was best as submitted to them, and taken without modifica- 
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Francis, ‘‘ On Boiler Incrustation,’’ was read by 
tary, and elicited an interesting discussion. 

Manchester, Sheffield, and Lincolnshire Railway Com- 
pany.—The ery mee report of the directors of this com- 
pany states that the extension of the block and interlocking 
system during the half-year has cost a further sum of 
16,0007., a total capital ex iture on this ac- 
count of 80,000/., besides an annual cost of 10,0001. for 
maintenance. In anticipation of the recommendation of 
the Royal Commission upon Railway Accidents, the com- 
pany had decided to: use a continuous brake. The new 
connecting cut at Grimsby is progressing well. 

New Sewage Works at Barnsley.—On Friday last a 
portion of the new sewage works at Barnsley was for- 
mally opened by the Town Council. The whole scheme 
i It is devised by Mr. Bailey Denton, 
C.E., the land being situate at Burton Grange. There. 
are about 70 acres, for which 20,0001. have been paid, of 
which 10 acres have been laid down for intermittent filtra- 
tion, and about 14 acres for ‘‘ broad irrigation.’”” The 
scheme was promoted in consequence of some of the leading 
landowners in the Dearne Valley having obtained an in- 
junction against the corporation P ng nme the town 
sewage from being disc into Dearne. The con- 
tractor is Mr. Smart, of Nottingham. 


The Spen Vatley Drainage Scheme.—With reference to 
the proposal emanating from the Local Government Board 
for a common and united scheme of drainage and sewa 
for the districts of Liversedge, Cleckheaton, |Heckmond- 
wike, Gomersal, Hunsworth, and North Bierley, it may be 
stated that the Heckmondwike Board is not unfavourable 
to the plan, but a joint conference will be held on the 
subject. The estimate of 40,0001. for Liversedge alone is 
thought too high. 


Water Supply of Ossett.—Some ‘years ago the Batley 
corporation en into an agreement to supply the town- 
ship of Ossett with water from the Staincliffe reservoir, 
near Holmfirth, of the former corporation. A main three 
miles in length is laid to the Ossett receiving reservoir at 
Gawthorpe, whence the distributing mainsare laid. This 
reservoir has a ity of about 1;000,000 ions, and 
is roofed over, -h. manner —_ ro ly ee 4 

some e rs water works engineers. e 
low level main is 9 in. and the high service main 6 in. in 





NOTES FROM THE SOUTH-WEST. 


Swansea Tramways.—There is every p 4 of the 
Swansea tramways undertaking being brought to a success- 
fal completion at an early data. enterprise has been 
taken up in an influential quarter. 


New Ships of War.—The Condor has been commissioned. 
The estimate for the hull of the Flamingo has been exceeded 
te the extent of about 17001. 


Swansea.—The trade of this port presents scarcely any 
new feature. An increase recently noted in the shipments 
of patent fuel has been fully sustained. 


The Tin-Plate Trade.—On Sinha ia) accord- 
ing to a notice posted by the Ebbw Vale Company at the 
Lower Mill, Pontymoel, contracts will cease. It is 
generally supposed that this means a reduction in wages. 


Unfenced Mine Shafts.—At the Camborne Petty Sessions, 
Sir R. BR. Vivian, -» Was summoned by Dr. Foster, 
Inspector of Mines, for allowing eight shafts to remain 
unfenced between Pool and Carnkle, after being requested 
to fence and secure them. It was stated that the shafts 
were within 50ft. of the public highway, and that there 
were ten shafts uninclosed before the 30th June. Mr. 
Hill, who oe for the defendant, stated that it was 
the wish of his client to obey the law. Captain W. C. 
Vivian had received instructions to fence the shafts. The 
bench inflicted a fine of 51. for each shaft, with expenses. 

Say ee Valley.—The coal trade of this wy is 
upon the whole in a satisfactory state. At the New 
jay, Big Pit, belonging to the Powell Duffryn Steam 
Coal pany, and the George Inn pit, belonging to the 
Rhymney Iron Company, business has, upon the whole, 

n > 


tion, Clarke, Reeves, ‘and Co. received the votes of Generals | been brisk 


Barnard and Gillmore, and the Delaware Bridge Company 
received the vote of Mr. Chanute ; and that on the question 


of which = to recommend with such modifications as 
the members of the commission might suggest, the 
the vote of Mr. 


Delaware Bri wey Sd ng recei 
Chanute and eral Gillmore, and .the plan of Clarke, 
Reeves, and Co. the vote of General Barnard, and that 
the directors, without ‘conferring with the engineers as to 
the award of prizes as was promised in the circular of the 
company when soliciting ——— = awarded the 
first premium to the Delaware Bridge pany at a called 
meeting of the board, and when but eleven of the twenty 
members were present, and without notification to General 


New York, July 6, 1877. JUSTICE. 





NOTES FROM SOUTH YORKSHIRE. 


wasclosed on Mr. 





Tredegar.—Sinking operations at the Darran pits, 
Tredegar, were cuapeeael pecaly after a few weeks’ start, 

The Forest of Dean.—There is scarcely any improvement 
to record in the coal and iron industries of the Forest of 
Dean. The demand for house coal continues inactive, and 
a drop of 10s. per ton for No. 1 pig iron is not calculated 
to inspire very much hope of improvement in the condition 
of the district furnaces. One of the oldest firms in the 
a is said to contemplate the temporary blowing out of 
i ¥ 

The Abernant Colliers.—Efforts are being made to bring 
about a settlement of certain differences pending between 
the Abernant colliers and their employers. The men have, 
it is stated, determined to appoint a deputation to confer 
with the managers of the ay 

The Great Western at Bath.—Extensive alterations will 
shortly be made at the Bath station of the Great Western 

. The cost of the works about to be undertaken is 

estimated to be between 16,0001. and 17,0001. 





the Philadelphia and Reading 
pone plan Nene die EL sal peel a Hep yo 

ital employed. The built of iron, and they 
were all constructed at the Delaware shi . 
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CONTINUOUS GIRDERS. 

Tuat the advantage of continuity in beams forced 
itself upon the attention of workers in wood and 
iron long before the question was discussed in its 
theoretical bearings, is evidenced enough by the 

rimitive structures of our carpenters and ship- 

uilders, No pains were spared by them to secure 
continuity in rafters, purlines, joists, deck beams, 
keelsons, and, indeed, wherever strength or stiffness 
was essential, Modern authorities not unfrequently 
maintain, on theoretical grounds, that continuity is 
of little or no advantage unless the be con- 
siderable, We think this conclusion is not borne 
out by practice ; the smallest span bridge to be 
found on a railway is the rail itself with its cross 
sleepers, and in no instance have greater efforts 
been made to secure perfect continuity by the ante. 
tion of deep fish-plates and other expedients., 
warehouse floors again, a 201b. rolled joist will do 
the work of one of 301b., if care be taken to secure 
‘‘continuity” by fishing the joists together, not 
immediately over the columns, but at a point one- 
seventh the span distant from the same. The 
“bracket-plate” system of framing adopted in our 
ironclads is essentially an arrangement of continuous 
girders, and further, Lloyd’s rules strictly enforce 
continuity and encastrement throughout the entire 
ship. Instances might be multiplidd to show that 
the advantage of continuity may be most important 
at the smallest spans, no matter whether a live or 
a dead load be in question, whilst on the other hand 
it may be of no economic value in very considerable 
spans as Mr, C, Bender has shown in an able paper 
read before the Society of American Engineers. It 
is B , therefore, that both engineers and 
architects should familiarise themselves with the 
principles governing the design of continuous beams, 

There is no doubt whatever that in many in- 





stances independent girders have been adopted 
simply ebatinn the designer felt unable or anvining 
to undertake the necessarily intricate and tedious 
preliminary work of calculating the strains upon the 
girders if continuous. We have always of 
opinion that the instinctive distaste for these involved 
investigations is well founded, since we know that 
the deduced results after all, from falseness of hypo- 
theses, must be merely 5 pein phi and we 
believe the complexity of the investigation to be 
due solely to the subject being approached in the 
wrong way, and that if it were not so, a lad of 
ordinary intelligence should with half an hour’s in- 
struction be qualified to furnish the draughtsman 
with data at least as accurate as any to be found in 
the works of M. Bresse or other eminent authority 
on continuous beams. 

Many of the simplest and most ordi operations 
in an engineer’s office, though capable of being 
effected by calculation alone, would, if so dealt with, 
present infinitely ter difficulties than any 
involved in the calculation of strains on continuous 
girders, Imagine, for instance, that the survey and 
level books for some line were placed in the hands 
of a mathematician with the request that he should 
calculate the minimum quantity of excavation 
required under certain limitations as to curves and 
gradients. He would reasonably reply that even if 
practicable the task would involve more labour than 
a reduction of the observations of the transit of 
Venus. Submit the same problem to an engineer, 
and it will present to him no semblance of com- 
plexity. With the aid of straight edge, set square, 
protractor, and scales, he will plot his surveys and 
section, lay on the centre line and gradients, scale 
the iri ga of cutting, and having advanced so far by 
the aid of mechanical appliances, he will call in the 
aid of mathematics and complete his work by a 
proper application of the prismoidal formula. The 
mathematician may claim that since no straight 
edge is absolutely true, and no scale readable to a 
dozen places of decimals, results so derived must be 
inaccurate and of no scientific value. The engineer 
will retort that by his method he ean attain any re- 
quired degree of accuracy, and that in this respect, 
indeed, he is far better off than his friend the mathe- 
matician, who, to prevent his calculations being lite- 
rally interminable, would very probably have to 
assume that the ground is of one uniform gradient be- 
tween certain points, when in reality it is undulating 
—which is in effect what the mathematician does 


when he assumes his continuous girder to be of uni- | 


form section throughout, although the very purpose 
of his calculation is to determine the pestle. sted 
section at different points. If the mathematician 
takes account of the estes Fame raga the colowatent 
become quite e; Mr. He once sai 
that he Had to work hard for six waa, to deduce 
the exact strains in the relatively very simple case 
of the Britannia Bri With the help of the 
equivalents of the straight edge, set square, and pro- 
tractor, the strains might easily be obtained in as 
many hours. 

In a continuous beam the load may be conceived 
as divided into two portions, one of which is carried 
by the beam as an ton" Reg ginde r and the other 
by the beam as a cantilever. we know the pro- 
ae horemy in which the load is so divided the calcu- 

tions, of course, become as simple as for an or- 
dinary girder, All that is required to inform us of 
this is the weight or pressure with which the con- 
tinuous beam presses upon the several piers and 
abutments, and having this the strains at any point 
can be obtained almost by inspection. The usual 
way of salivating tbe said pressure is by integrating 
the yr of the elastic curve, upon the assump- 
tion that the extension or compression of the ex- 
treme fibres at any cross section is inversely pro- 
portional to the total strain at that point, or in other 
words that the material is isotropic and the girder 
of uniform cross-section, This is obviously as 
roundabout a way of arriving at the desired infor- 
mation as attempting to calculate the earthwork 

uantities on a given railway without first plotting 
the survey and section, We require to know the 
pressure with which an elastic beam bears upon 
certain supports, and we think if we were to put 
the case fairly to an untutored savage he would 
suggest that we should get an elastic beam and try. 
The suggested mode of procedure in a scientific point 
of view is on all fours with the straight edge and 
set square systems already universally accepted by 
engineers ; the only questions that can arise are, is 
it as easy of application in practice as it appears to 
be, and are the results obtained entirely trustworthy 





71 
and sufficiently exact for p of calculation ? 
We can answer both of these questions in the 
affirmative ; a strip of wood, some lead to cut 


up into weights, and an ordinary letter-weighing 
scales are all the apparatus required, and iy 
exactness is concerned, we have found the above ap- 
paratus so senaitive that it will indicate at once the 
relative difference in strain due to an engine travers- 
ing a continuous girder alone, and the same engine 
with the additional weight of the engine-driver and 
stoker upon its foot-plate ; in short the exactness 
obtained is far in excess of that required or of that 
attained by any formula which we have hitherto 
had the good fortune to encounter. M, Bresse, who 
has advanced* no less than 1200 formule for the 
simplification of the calculation of strains on con- 
tinuous girders, confesses that he is but ill-satisfied 
with the results of his labours, since in accordance 
with the universal custom his formule are all based 
upon the false hypothesis of uniform section. The 
consequent inaccuracy in the result is considered by 
M, Bresse to be an unfortunate but unavoidable 
consequence of the intricacy of the problem. Our 
own experience leads us to a directly contrary con- 
clusion ; we have never found the least difficulty in 
introducing the very important element of the vary- 
ing section of the girder in calculations of strains on 
continuous " 

We claim no novelty for the plan of making a 
strip of wood perform the work of integration ; it 
has been in use by ourselves for the past fifteen 

ears, and long antecedent to that Belidor, Parent, 

arlow, and others investigated the question in 
a somewhat similar spirit, That the method has 
received so little attention from writers is probably 
due to their not having tested the system them- 
selves, or they must have been struck with its 
simplicity and exactness. Not one, so far as we 
remember, has ventured to claim, as we do, that the 
strip of wood method properly applied is from a 
scientific point of view far more satisfactory than 
any purely mathematical method hitherto advanced, 
and that it offers indeed the only practicable means 
of arriving at the probable strains upon a con- 
=— po as ry constru _ to 5 

egree of accuracy reasona uired, since 
pracvyyitee: Arey several pe Ay wood of dif- 
ferent quality a fair notion be formed of the 
influence on the strains of the inevitably defec- 
tive elasticity of the finished girder. e 1200 
formule of M. Bresse at first glance would ap- 
pear to give results accurate to six figures, but a 
very cursory examination of the way in which they 
have been deduced proves but too clearly that from 
falseness of h esis, even the first of the six 
figures cannot always be relied upon, and that in 
very ordinary practical cases the error may amount 
to 10 per cent. or more, apart from defective 
elasticity. 

The mode of procedure we have adopted in de- 
termining the strains on continuous girders of vary- 
ing section is as follows: A strip of well-seasoned, 
straight-grained yellow pine 1.5 in, wide by 0.8 in, 


on and of ee eee to cover the den . 
e openings e continuous er, 
prognied to coils a soaks t the greatest span shall be 


about 40 in. in length. A suitable maximum distri- 
buted load for such a beam is 2 ounces per lineal inch 
or 5 Ib. on the 40 in, span. Small blocks of wood 
pinned down to the desk at the Lay eed intervals re- 
resent the piers, and upon them the beam is laid 
twise, A loop of thread passed round the beam is 
attached to one arm of a letter scales, and the pres- 
sure of the unloaded beam u ripen yeaa 
is successively measured, ‘'he sum of these of 
course be equal to the total he ny of the strip of 
wood, but the distribution of the same upon the 
several piers will be found to follow no law. 
simply indicates that the strip is not normally 
straight, and is of no consequence, as the cttual pres- 
sures should be recorded and deducted from the mea- 
sured pressures of the loaded beam, by which means 
the weight of the beam itself will be eliminated, 
Assume that our strip traverses three spans of 
40in,, and that its weight in all is 15 ounces, or 
5 ounces per span; then theory indicates that the 
pressure upon the end supports, if the beam ig 
normally straight, will be 2 ounces, and upon the 
central supports 54 ounces, whereas by experiment 
the pressures may prove to be 54 ounces on the end 
and 2 ounces on the middle, although, it is true, if 
there were any such variation the strip would 
be visibly crooked, If thought desirable the beam 
can be reversed and weighed in that position with 


* “Cours de Mécanique Appliquée,” 
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and without the load, but we have seldom found 
this necessary, as so many checks arise at different 
stages of the process that any —— defect of 
elasticity is at once detected, and it is time enough 
then to duplicate the experiments, 

The next step is to distribute upon the upper sur- 
face of the beam — (conveniently made of 
strips of sheet lead fol we bey to measure the 
resultant pressure upon of the supports by 
means of the loop of thread and letter scales as 
before. This will be repeated under all the required 
variations in the distribution of the load, remember- 
ing that the maximum strain over any = occurs 
when the two contiguous spans alone are loaded, and 
the maximum at or near the centre of any span 
when that span alone is loaded. A first check upon 
these measurements is obtained by taking the sum of 
the pressures, which must of course be equal to the 
total weight of the beam and its load, however distri- 
buted ; it will be found that there is no difficulty 
whatever in weighing and balancing the pressures to 
the eighth of an ounce. 

neeye g thus obtained the pressures upon the 

ints of support of our continuous beam of uni- 

orm section, we may complete the calculations of 
strains as readily as if we were dealing with a suc- 
cession of independent spans, We first obtain, by a 
process of subtraction, the shearing stresses at the 
ends of each bay of the continuous girder, or, in 
other words, divide the total pressure upon each 
pier into the two pressures due to the — on 
either side of it. Reverting to our example of three 
spans of 40 in., and assuming the distributed load 
to be 2 oz. per lineal inch, or 15 lb. on the entire 
— we find the pressure on the end piers to be 
2 oz., and on the central piers 88 oz. Since the 
weight of each bay of 40 in. is 80 0z., we see ata 
glance that the 88 oz. on the central pier is made 
up of 80 —32=48 oz. from the end span, and 88— 
48 = 40 oz, from the centre = Similarly for any 
other distribution of the load having the total 
pressure upon the piers we can, by a process of 
subtraction, arrive at the shearing stresses. But 
these shearing stresses inform us also at a glance 
how much of the load is carried by the girder as a 
simple beam and how much as a cantilever. Thus, 
if the — had not been continuous the pressure 
upon the end support must obviously have been 


40 oz,, whereas it is 32 0z, The difference 


of 8 oz, is found in the 88 oz. on the central pier, 
and it could only have been transmitted there by 
the girder acting as a cantilever, hence the conse- 
quent moment at the central piers must necessarily 
be 8 oz. x 40 in.=320 inch-ounces. If we have our 
curve of moments for the independent span plotted 
it is only necessary to set up this moment to the 
same scale at the central pier and connect it by a 
straight line with the opposite re | of the dia- 
gram, when we obtain at once a complete diagram 
of the strains upon the end span of our continuous 
girder, The maximum moment for the independent 
ag would of course be 80 oz. x 40+ 8=400, hence 

é maximum strain upon our girder of 3 equal 
spans of uniform action, and uniformly loaded, will 
be 20 per cent. less than on the independent girder. 

The moment thus found for the first pier will 
occur at every succeeding pier, no matter how long 
the continuous girder may be, unless something 
arises to modify it, and we can tell at a glance 
whether anything does arise by noting if the shear- 
ing stresses at the ends of any bay are different 
from what they would have been had the girder 
been —_ mdent. If aera mes see pa the mo- 
ment wi correspondingly us or minus. 
Thus the shearing dana the aad the centre 
bay of our three-span continuous girder is 40 ounces, 
or the same as if the girder were independent, and 
we know, therefore, that the moment of 320 inch- 
ounces will recur unchanged over the second pier. 
Had the pressure been 40 ounces at one end and 
30 ounces at the other with an uniformly dis <ibuted 
load, it is obvious that the moment would be changed, 
since, if independent, the shearing stress would have 


been +35 ounces at each end. It is equally 


8 


obvious that the 35—30=5 ounces, from which the 
second pier has been relieved, must have been trans- 
mitted to the first pier by the girder as a cantilever, 
and the moment 5 ounces x 40 in.=200 inch-ounces 
80 developed will dispose of the original moment of 
320 ounces to that extent, and prevent more than 
the remaining 120 ounces being on to the 


be distributed we can arrive almost by inspection 
at the moment over each pier, and then by connect- 
ing these points on our di by straight lines, 
we at once change the diagram for sy myer spans 
— the corresponding diagram for the continuous 
er. 
. Our diagram for the continuous girder of uniform 
section being completed, we ‘have advan the 
matter as far as is customary in ordinary methods 
of investigation, but by no means as far as is de- 
sirable or even n . We proceed to reduce 
the width of our1.5in. strip of wood guided by our 
first di , in some such proportion as we should 
reduce the sectional area of the flanges in the actual 
girder. We then load the strip as before and re- 
peat the weighings, which in general will be found 
considerably modified, and this modification will, of 
course, appear in the di and affect the esti- 
mate of strains materially, The few strokes of the 
chisel required to the wood, thus effects 
what such able and earnest men as M. Bresse have 
reluctantly given up as hopeless to attempt to 
attain. 
By the aid of the strip of wood and letter scales 
we are enabled to a a ~- and even 
fascinating experiment for weeks of wearying and 
uninteresting trial calculations. So far as accuracy 
is concerned, the strip of wood is far more perfectly 
elastic than any rivetted girder, and we may, if great 
refinement be required, take the mean of the results 
obtained with two or three different strips of wood 
or even with the same strips reversed, and as we 
have before said, we conpeadiiy weigh to one-eighth 
of an ounce, which is equivalent to about 3 cwt. in 
the instance of a continuous girder for a single line 
railway bridge of 100 ft. span. So far as the pro- 
priety of the method from a scientific or rather 
sentimental point of view is concerned, we are in- 
clined to think that an engineer is as free to avail 
himself of the aid of a strip of wood in determining 
the strains upon a continuous girder of varying sec- 
tion as ordinarily constructed, as he is to refer to 
his watch instead of the Nautical Almanack and 
astronomical observations when he wishes to know 
the hour, for neither theoretically nor practically is 
the watch a more perfect appliance for its purpose 
than is our straight-grained, well-seasoned, trip of 
wood. B. B. 








THE LONDON FIRE BRIGADE. 

Arter long delay, but we trust with careful de- 
liberation, the Select Committee appointed to 
investigate the constitution of the Metropolitan 
Fire Brigade, and the question generally as to the 
extinction and prevention of fires in London, have 
arrived at a series of conclusions which they ccu- 
sider should be given immediate effect to by the 
Legislature. The conclusions are excellent in 
themselves, but we fear that quality will of neces- 
sity delay their adoption, for some of the sugges- 
tions are at present impracticable. 

Having a view to the fact that as the Fire Brigade 
is now administered by the Metropolitan Board of 
Works, there are two separate police forces acting 
side by side, and the water supplied by eight inde- 
pendent companies, they consider the present 
system as very imperfect, and consequently re- 
commend that the Fire Brigade should be trans- 
ferred from the Metropolitan Board to the Com- 
missioners of Police for the metropolis, to form a 
distinct branch of the service, under the control of 
a separate Commissioner, and that power should be 
given to act within the City as well as in the me- 
tropolis. 

fter some recommendations as to superannuation 
of the members of the force, they suggest some im- 
portant details. It is proposed that the police 
stations and the fixed points should be used as fire 
brigade stations, or as places at which to locate 
small engines or other handy appliances for the 
ready extinction of fires. All ven constables, both 
of the Metropolis and the City proper, should be 
auxiliary to the Fire Brigade, retaining the present 
divisions of the police force except on urgent 
occasions. 

They propose to levy a penny rate in the metro- 
politan police district ; that the Government should 
proportionately increase its contribution ; that the 
contribution of the {insurance companies should be 
continued at the present rate, and that a charge 
should be levied on owners of uninsured property 
saved from fire, This seems rather a hard case on a 
man who has been insured, but it might 





second pier. Similarly, no matter how the load may 





act as a stimulus to the duty of insuring. 


Fans A recommend that h ts should without 
delay be affixed to mains an a wherever 
there is a constant supply, and that this arrange- 
ment should follow the extension of such supply. 
This plan has long been necessary, for it is well 
known that, in the majority of cases, if a fire can 
be taken at once in hand serious fires would be of rare 
occurrence, as is now the case in large towns like 
Manchester, &c., where the hydrant system has 
been adopted. 

In respect to the general question of water 
supply they urge that the — belonging to the 
various companies should consolidated in the 
hands of a public authority, which, in dealing with 
the questions of constant supply, pressure, and 
pipeage, should be bound to have regard not only 
to the convenience of consumers, but also to the 
requirements for the extinction of fire. We pre- 
sume that the chief point here urged is that, while 
the present mains may convey sufficient water for 


domestic p , they should be enlarged so as to 

ive an abundant supply in case of fire, and in fact 
ar beyond what the daily supply to the houses 
would afford. 


In regard to large buildings they recommend that 
no new theatre or large music-hall in the metropolis 
should be finally licensed until certified to have all 
arrangements complete as protection against danger 
from fire ; the Metropolitan Board to be the certi- 
fying authority. In respecting existing theatres 
and halls the Metropolitan Board of Works should 
have power to call on the proprietor to remedy such 
structural defects as might be a source of danger, 
With a view to prevent danger from fire they re- 
commend that the Lord Chamberlain, with the 
justices, should be authorised to make regulations 
as to the management of theatres, and to enforce 
such regulations, under penalty as should be suffi- 
cient to remove all chances of danger from fire. 

It is somewhat remarkable that the Committee 
have not taken any notice of the risk that is run in 
the a but especially in the City, by the 
erection of warehouses having an immense area and 
ey height, with no provision for extinguishing 

s. The City proper is now being converted into 
such places by pulling down the former smaller 
structures, and if a fire were to break out among 
some of these enormous buildings all the power of 
the Fire Brigade would be useless to attempt its 
extinction, On the whole, however, the recom- 
mendations of the Committee are valuable, but 
they might have made much more of the evidence 
that was brought before them than they have 
done. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

THE summer meeting of the Institution of Mecha- 
nical Engineers is being held this year at Bristol, 
a city which, notwithstanding its commercial impor- 
tance, is perha —— so well fitted for a gather- 
ing of this kind as could be desired. Writing as we 
now do on the early days of the meeting, it is perhaps 
too soon to discuss this question fully, but judging 
from the programme which has been issued, it is to 
be feared that the excursions, which form such an 
important feature in these meetings, will asa whole 
scarcely com: favourably for engineering interests 
with those of recent years. The p ings com- 
menced last Tuesday morning with a meeting for 
the reading of papers, when—some routine business 
having been dis of—Mr. Thomas Hawkesley, 
the President, delivered his inaugural address, This 
address—which we print iz extenso on page 78 of the 
present number—was a very suggestive one, and it 
contained expressions of opinion respecting which 
much discussion may be expected to arise. The 
view taken by Mr. Hawkesley regarding our 
prospects as a commercial nation, is a somewhat 
gloomy one, more gloomy we consider than is quite 
warranted by the facts of the case ; but although we 
to some extent differ from Mr, Hawkesley, we must 
admit that the views he enunciates are worthy of 
every attention and deserve careful consideration. 
The present, however, is not the place to discuss 
Mr. wkesley’s address, and we must therefore 
leave it for future notice, only adding that it was 
very well received, and that at its close a vote of 
thanks to its author was —— by Mr. Bramwell, 
and cordially passed by the members present. 

SaFety VALVES. 
At the conclusion of Mr. Hawkesley’s address the 
first paper read was one by Mr. J. C. Wilson, of 
Bristol, “‘ On the Construction of Safety Valves.” In 
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this paper Mr. Wilson successively described the ordi- 
nary lever and dead-weight safety valves, and also 
the valves of Cowburn, Naylor, and Ramsbottom, 
while, finally, he gave an account of the valve 
which was invented a few years ago by Professor 
J. Klotz, of Prague, and which has since been ma- 
nufactured by the Avonside Engine Company, 
Bristol, Klotz’s valve was described and illustrated 
by us on page 150 of our thirteenth volume, and it 
is therefore unnecessary that we should repeat the 
description here further than to say, that the valve 
consists of a kind of bell which fits over a disc or 
steam being ad- 


partition carried by the — 
the belt by a pipe 


mitted between this disc and 
leading down into the steam space of the boiler. 
Mr. Wilson's conclusions as to the principles which 
should govern the construction of safety valves may 
be summarised as follows: That the valve seating 
and valve should be of the same metal, so that they 
may expand together, and that the practice of form- 
ing seatings by inserting a brass bush in a cushion 
cover is one to be avoided. Also that the valve 
should be so constructed that the full pressure of 
steam should continue to operate upon it even after 
it is raised from its seat, and that all pin joints for 
levers, &c., should be avoided, and knife-edged bear- 
ings substituted. 

or the Klotz valve one of the main points 
claimed is its power of lifting high from its seat 
and so giving a large discharge opening, while as to 
its performance Mr. Wilson quoted from Professor 
Klotz the results of some experiments made on a 
34 in. Klotz valve fitted toa boiler having 272 square 
feet of heating surface, this boiler being also fitted 
with an “ ordinary” safety valve 2? in. in diameter. 
With the Klotz valve loaded to 70 lb. per square 
inch and the other valve out of action steam began 
to escape at 69}1b., and by forced firing for 44 
minutes the oe was got up to 76)b., after 
which it could not be made to rise any higher, With 
the ordinary valve under the same circumstances 
steam began to escape at 684 lb., and by moderate 
firing the pressure was increased to 764 lb. in seven 
minutes, when the experiment was discontinued, the 
Klotz valve being put into operation to relieve the 
boiler. Unfortunately no details were given by Mr. 
Wilson as to the construction of the ‘ ordinary” 
safety valve which was tested against the Klotz 
valve on this occasion, nor as to the construction 
of the boiler used in the trials. The author, how- 
ever, stated that trials had been made at the Avon- 
side Engine Works with two locomotives of similar 
construction, both fitted with Klotz’s valve, the 
tubes which conduct the steam from the steam space 
of the boiler having, however, been removed in one 
case so as torender the Klotz valve on this engine 
practically an ordinary one. The results obtained 
a stated to be decidedly in favour of the Klotz 
valve. 

The discussion on Mr, Wilson’s paper was opened 
by Mr. Webb, of Crewe, who pointed out that one 
of the sample valves exhibited admitted of being 
locked by the introduction of a wedge between the 
two parts of the casing surrounding each spring. 
Mr. Webb also expressed his opinion that with a 
priming boiler there would be a great chance of the 
bell of the Klotz valve becoming stuck fast from 
incrustation between the bell and the edge of the 
disc or diaphragm already mentioned. The next 
speaker was Mr. Olrick, who remarked that the 
Klotz valve was identical in principle with the valve 

roduced very many years ago by Mr, Bodmer, the 
atter inventor, however, allowing the upper part 
of his valve to slide on aregular piston. ‘The valves 
80 constructed stuck, and Mr. Oirick believed that 
they had been entirely discarded. Mr. Olrick next 
directed attention to the disadvantages of large 
valves, the circumferential discharge area for a given 
lift of course increasing as the diameter only, while 
the area of the valve, and consequently the load 
required, increases as the square of the diameter. 
For this reason Mr. Olrick observed that he pre- 
ferred to employ several small valves in place of one 
large one. Mr. Olrick then proceedéd to describe 
a safety valve constructed on the same principle as 
Naylor’s, the valve being one designed by Mr. E. 
Field and himself. In this arrangement the pres- 
sure of the spring is transferred to the valve through 
a kind of bell-crank lever so arranged that the pres- 
sure on the valve diminishes as the latter rises. In 
support of the advantages derivable from gradually 
reducing the load in this way Mr. Olrick instanced 
@ case in which a locomotive was fitted with a pair 
of 5in. ordinary safety valves and with a = 
Naylor's valve, experiments being made with thi 


engine by running it hard and then suddenly shut- 
ting off steam and leaving the boiler to be relieved 
by the safety valves. Under these circumstances, 
with the pair of 5 in. valves only in use the steam 
rose from 100 Ib. to 145 lb., while with the Naylor’s 
valve only in use the pressure increased from 100 lb. 
to 105 Ib. only. 

After Mr. Henry Chapman had observed that a 
form of Klotz valve for marine purposes, of which a 

i was exhibited, ap liable to be stuck 
from the corrosion of the wrought-iron spindle 
which was shown passing through the cover of the 
valve-box, Mr. Cowper expressed his opinion that 
the ordi safety valve was not quite such a 
faulty appliance as Mr. Wilson in his paper appeared 
inclined to make out. Mr, eae ord commented 
upon the want of precise data relating to the ri- 
ments on the power of the Klotz valve (of which 
Mr, Wilson gave in es the general particulars 
we have already noticed), and he with Mr. 
Webb in believing that the valve would be liable to 
be stuck by the incrustation resulting from priming. 
Mr, G. D. aes, of Nottingham, inquired whether 
the Klotz valve was in any case combined with a 
low-water indicator, so as to open if the water level 
fell too low, and he observed that the records of 
boiler explosions showed that a large number of 
failures resulted from shortness of water, and that 
hence a low-water safety'‘valve was desirable, 

Mr. Hartnell, who spoke next—but whom we heard 
indistinctly, the room in which the meeting was 
held having very bad acoustic qualities—also ex- 
pressed the opinion that the ordi valve had been 
somewhat hardly dealt with by Mr. Wilson, and 
that with small ordinary safety valves, properly 
proportioned and constructed, he had not been able 
to get a rise of pressure of more than 10lb. per 

uare inch when blowing off hard. He inquired 
what rise of pressure took place with ordinary loco- 
motives when steam was suddenly shut off, and there 
was a good fire in the boiler. To this Mr. Webb 
replied that with his engines fitted with two 3 in. 
Ramsbottom valves the rise of pressure under such 
circumstances was not more than 5 lb, or 61b., and 
he added that he recently made an experiment with 
a large locomotive boiler hard fired which showed 
that all the steam generated could be discharged 
through a short 3 in. pipe without the pressure rising 
more than 10lb. When a 1 in. pipe was substituted 
for the } in. it was found impossible to get a rise of 
pressure at all. 

The next speaker was Mr. Arthur Paget, who 
also upheld the efficiency of the ordinary types of 
safety valve, and maintained that if properly made 
such valves answered every purpose. He quite 
admitted, however, that many badly — 
valves were in use, and that these valves h t 
ordi t of valve a bad character. Mr. W. 
Rich m also upheld the ordinary lever valves, 
but stated that he preferred a form of valve with a 
spherical bearing on its seat, the pressure being 
transmitted to this valve so that no guides were 
required, Mr. Richardson also referred to the well- 
known fact that many boilers have exploded when 
steam has been turned on to the engine after meal- 
times when the boiler has been standing, and he 
attributed this to the water when in a quiescent 
state sometimes becoming heated above the tem- 

rature due to the pressure of steam, this super- 

eating resulting in the sudden generation of steam 
when the pressure was slightly relieved by the 
starting of the engine. 

The next member to address the meeting was Mr. 
Thomas Adams, of Manchester, who excited some 
amusement by his somewhat vigorous denunciation 
of the opinions expressed by the author of the pa 
and some previous speakers, Mr. Adams ridiculed 
the idea that the ordinary of valve were safe 
and he entirely condemned the Klotz valve, He 
also controverted the opinion expressed by Mr, 
Cowper, that spindle valves were better than feather 
valves, and asserted that the latter were preferable, 
as with a given clearance the feathers allowed of less 
canting. Mr. Wilson, he asserted, had not shown in 
his paper the principles on which a safety valve 
should be constructed, while the arrangement of 
spring in the Klotz valve for marine purposes (of 
which a diagram was exhibited) he characterised as 
abominable. The springs here referred to are 
helical springs tapering in diameter from the 
centre of their length towards the ends, a form 
to which Mr. Adams objected on account of it 
throwing the major portion of the work on the centre 
coils. Mr, Adams also objected to several features of 





the Klotz valve, and asked whether it had ever been 


by the Board of Trade for marine payer. 
e central pipes ke asserted would never be so 

og by a London surveyor. Referring again to 
. Wilson’s paper, he remarked that in that pa) 

one of the best features in the Ramsbottom > 


had not been pointed out, this being that o to 
the spring between the two valves being co to 
the lever at a point below the level of the points 


which press upon the valves, it followed that as 
soon as one valve lifted it tended slightly to relieve 
the pressure on the other valve, and thus the valves 
were made to work in unison, whereas, if the point 
of attachment of the spring had been higher than 
the level of the bearing on the valves, as soon as 
one valve rose it would have increased the pressure 
on the other, and so —— have locked it. In 
his own practice, he observed, that in constructin 
Ramsbottom valves he kept the — of attachment o: 
the spring tin. below the level of the points bearing 
on valves. Naylor’s valve Mr, Adams considered to be 
the best valve illustrated by Mr. Wilson’s dingreane, 
while as regarded the marine safety valves loaded 
with a dead weight as advocated by the Board of 
Trade, he remarked that the best he had met with 
allowed the pressure to rise from 60 lb, to 75 lb. when 
blowing off, while with some specimens the pressure 
rose cent. percent. Speaking next with regard to the 
roportions of helical =~ Mr. Adams gave the 
ollowing graphical mode of determining the dimen- 
sions, Referring to the diagram annexed, and 


a 


i 


¢ 
ind 





assuming that the length of spring is fixed upon, 
draw a dequal to that length and form an isosceles 
triangle, having the angle 4 ac equal to 15 deg. 
Then with a radius de equal to two-thirds 4 d draw 
a semicircle and set-off the angle ed / equal to 
60 deg... Draw /g, then the length fg is the pitch 
of the coils for the desired spring and the versed 
sine 4g, the side of the square of the steel of which 
the coil is to be made, For the size of steel for a helical 
spring to carry a given load Mr. Adams also gave the 
formula (derived, we believe, from Board of Trade 


practice) .*.d = ‘Nt xD in which d= the side 


¢ 

of square steel or diameter of round steel, D = 
helical diameter of spring; s= load in pounds, and 
c=a constant, this constant being 11,000 for square, 
and 8000 forround steel. Square steel Mr, Adams 
considered far better than round for helical springs, 
Mr. G. B. Marten, of Stourbridge, was another 
speaker who believed in the common type of safety 
valves, but he observed that many such valves did 
not close promptly, and this led to their being very 
commonly overloaded to prevent the steam running 
down below the desired pressure, Next Mr. G. D. 
Hughes i lemented his former remarks by stating 
that he tely met with a case in which a safety 
valve with three wings fitted toa brass bush in a 
cast-iron seating, stuck and then rose suddenly, dis- 
charging a quantity of water with the result of killing 
aman. Mr, Adams also referred to experiments on 
the ex ion of valves and seatings, and observed 
that the statement made in Mr, Wilson’s paper that 
brass expanded twice as much as cast iron was 
erroneous, the ratio of the two expansions depend- 
ing upon the mixture of brass employed, The 
mixture he himself used expanded 1.46 times as 
much as cast iron at a temperature of 212 deg., and 





1.6 times as much at the temperature of steam of 
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100 Ib. pressure. He had also found by experiment 
that the expansion of a valve seating due to a given 
rise of temperature did not depend upon the dia- 


times that of limestone, sandstone, and some classes 
of granite, while it is one and a half times as much 


as that of the hard Pennsylvania marble. 


















meter of the seating only but to some extent upon 


the ratio of the internal and external diameter. 


Mr. Wilson, replying upon the discussion, ob- 
served that the two halves of the spring casing in 
the valves exhibited should have been fastened 
together, and that when so fastened a wedge could 
not be introduced to lock the valve, as stated by 
The Klotz valve, he said, had not been 
found to stick, and as regarded the liability to be 
set fast by incrustation due to priming, he re- 
In reply to 
a quéstion about the size of the valves, he said 
that 3} in. was the largest he used for locomotives. 
As regarded the springs, he admitted that they would 
be better, in some respects, if made of the same 
ut he observed that the 
form adopted i money certain practical conve- 


Mr. Webb. 


marked that boilers should not prime. 


diameter throughout, 


niencer, and had been found to answer well. 





Mr. Wilson’s paper was followed by one on an 
improved form of circular slide valve by Mr. F. W. 
Webb, and one “On the Mechanical Appliances 
used in the Construction of the Heading under the 
Severn for the Severn Tunnel Railway,” by Mr. J. 
W. Geach, which papers we publish in extenso on 
Of the 
Sivesiions on these papers, however, as well as of 
the proceedings on the subsequent days of the meet- 
ing, the demands upon our space compel us to defer 


79 and 81 of the present number. 


speaking until next week, 








ARTIFICIAL STONE. 


One of the most successful processes for making 
scale p 
It 


artificial stone, is that carried out on a lar, 


by the Union Stone Company, of Boston, U.S. 


is based upon the discovery of M. Sorel, the well- 
known French chemist, that oxychloride of mag- 
nesium is a hydraulic cement possessing great hard- 
ness and strength. Carbonate of magnesia or 


While, however, this process is so largely used 
and so thoroughly adapted for producing artificial 
stone, it is principally employed both in the United 
States and in France for the manufacture of emery 
wheels, which in both countries have earned a very 
high reputation. The process of manufacture is 
precisely similar to that already described, except 
that emery is used as the base instead of pulverised 
stone. Of course different grades of emery are em- 

loyed to produce different qualities of wheels, and 
or the finer kinds corundum and other powders 
may be employed. The mixture is all worked up 
by hand, as in making these wheels a perfect 
amalgamation is absolutely necessary, and it 
is found that machinery does not effect this so 
thoroughly as manual labour. Immediately after 
mixing, the material is rammed into a mould, 
whenee it is removed to harden. Four weeks are 
required to elapse before the stone is put in use. 
The extreme hardness of the material, its homo- 
geneity, and its eee high tensile strength, 
render it peculiarly adap for emery wheels. 
Moreover, as it is devoid of any vegetable base for 
holding the emery together, it never can become 
‘‘ gummed” on the edge, but retains its cutting pro- 
perties unaltered during the severest wear. Another 
good feature in this process is that no treatment is 
required after the material leaves the mould, and 
the whole mass hardens gradually and equally, so 
that it is impossible that any internal strain can be 
set up in the wheel, a consequence almost insepa- 
rable from any baking process. It is claimed for 
these wheels that they can be run at very low speeds, 
owing to theflarge area of cutting surfaces they 
resent on their periphery. We are glad to see 
that the manufacture of wheels on Sorel’s process 
has now been commenced in this country by Messrs. 
Hodges and Butler, of the Thames Silicated Stone 
Works, East Greenwich, and we have little doubt 
that they will earn here the same reputation they 


magnesite is found in large quantities in Pennsyl- 
vania, Maryland, California, and Greece. When 
quarried it is a greyish white material, of a specific 
gravity of 2.096, and contains about 95 per cent. of 
carbonate of magnesia, the remaining 5 per cent. 
being chiefly insoluble silicious matter, The mineral 
is also found in Canada, but with a lower percentage 
of magnesia, and a mixture of iron oxide, To bring 
the magnesite into condition for the process 
it is placed in kilns, and burnt at a low heat 
for about 24 hours; if it be exposed to intense 


of mention. 


successfully duplexed 


possess in the United States andin France, 





ATLLHAUD’S DUPLEX SYSTEM. 
A NEW system of duplex telegraphy has achieved a 


certain amount of success, and is, therefore, worthy 
It is that of M. Aillhand, an electrician 
to the French T ——— Administration, and he has 

y his method the Marseilles to 
Algiers cable, which is in the hands of that adminis- 
tration. That cable is about 500 miles in length, 





heat it practically loses its power as a hydraulic 
cement. When removed from the kiln the mineral is 
changed to oxide of magnesium, and is of a brilliant 


white colour, showing a very beautiful fracture. It 


is ground to an almost — powder, and mixed 
in a dry state with t 


duction, Onl 


15 deg. to 30 deg. Baume, sufficient to 
whole mass into a plastic state. For small objects 
itis then intimately mixed by hand, and for large 
ones in a machine, until the cement of chloride and 
oxide of magnesium has penetrated thoroughly 
between each particle of powdered marble or stone 
forming the base. As soon as this is effected the 
mixture is placed in suitable moulds and closely 
rammed ; it may be removed immediately this has 
been done, and left to harden without any subsequent 
treatment. It bears handling within a few hours 
of its leaving the mould, and at the end of a week it 
can be used for construction or other purposes, 
Genera! Gilmore, in his excellent work on cements, 
states that this combination greatly surpasses in 
strength all other artificial stone, while in appear- 
ance it can be scarcely known from the material 
it is intended to represent. Experiments at the 
Boston Navy Yard gave the following results as to 
the power of the stone to resist crushing : 


Pounds per 

Square Inch. 
Specimen No.1. Resistance tocrushing 7,187} 
” No. 2. ” ” 11,562} 
No. 3. “ pt 21,5625 


”» 


’ No. 4. 9? ” 7,343 
It will be noticed that the higher results are much 
larger than those given by granite, and that the 
average of the four specimens is from two to three 


e proper proportion of 
powdered marble, slate, bone-dust, or any other ma- 
terial which is to be imitated in the finished pro- 
about 10 per cent. of magnesia is 
mixed with the base, so that the colour of the 
artificial stone is little if at all affected by the cement 
employed. To the mixture is then added a solution 
of chloride of magnesium of a density eg a from 

ring the 


but as it contains a fault of considerable size, elec- 
trically speaking, it is, as far as the difficulty of 
duplexing itis concerned, only equivalent to a much 
shorter cable. It remains to be seen, however, 
whether or not M. Aillhaud may be able to apply 
his system to cables of greater length. The ex- 
perience of all electricians who have been engaged 
on the problem of duplexing submarine cables goes 
to show that an essential element of success is the 
use of an artificial circuit combining capacity and 
resistance in a similar way to the actual cable, and 
the closer the equivalence of this artificial circuit to 
the real cable, the less is the necessity for ad- 
ditional contrivances and adjustments to equalise 
the ‘‘ balance” between them. M. Aillhaud’s system 
endeavours as far as possible to obviate the use of 
an artificial cable. Artificial cables are necessarily 
expensive, and also bulky, but there is a gain in 
simplicity by their use. M,. Aillhaud has not been 
able, so far as we can learn, to entirely dispense 
with an artificial line, and he has been obliged to 
employ a rather complicated arrangement of ap. 
aratus to enable him to reduce it. Nevertheless, 
if his system is applicable to really long cables, cables 
of from 1000 to 2000 miles, the somewhat complex 
nature of the balance is not likely to tell much 
against it. 

The basis of the system is what is now known as 
the “‘ Wheatstone ce” system of duplex, an ac- 
count of which was given in ENGINEERING, vol. xxii., 
page 470. In the accompanying figure, R and R, 
are the two proportionate resistances of the balance, 
the other two resistances or ‘‘ sides” of the simple 
balance being the cable itself, and the artificial 
circuit or cable, both having their ends to earth, the 
cable end being to earth at thedistant station, and the 
end of the artificial cable being to earth at the station 
where the balance is. In the simple balance, when 
the artificial cable is exactly equivalent to the actual 
cable, the balance is perfect if R is equal to R,, and 


mirror galvanometer or other si ing instrument 
G, connected up between the points P P,, where the 
four parts of the balance join each other. Even with 
the best artificial cable yet constructed this equiva- 
lence is never so exact as to make a perfect balance, 
There is always what is termed a ‘‘kick”’ on thesignal- 





ling instrument of the home station when signalling 
is going on there. This “‘ kick” with a good artificial 
cable can, however, be practically eliminated by a 
simple adjustment or two of the apparatus, such as, 
for example, altering slightly the proportions of the 
resistances R &,. M. Aillhaud employs other means, 
the most original of which is the use of an extra 
circuit to the receiving instrument. One of his 
adjustments consists in adding a derived circuit 
consisting of an adjustable resistance r and a con- 
denser ¢ to one of the proportionate resistances R 
of the balance. Another, which is certainly to be 
found in Mr, Muirhead’s duplex patents, if not in 
earlier ones, consists in inserting an adjustable re- 
sistance r. between the cable and the point P, The 
artificial line is formed very simply by the resistance 
circuit r,, and a set of condensers ¢,. The principal 
adjustment is, as we have said, the extra circuit 
round the receiving instrument, consisting of the 
adjustable resistance r,, the coil #, and the con- 
denser cg, one = of which is to earth. The coil w 
is wound round the needle of the receiving instru- 
ment in an opposite direction to the main or signal 
coil. Consequently the ‘ kick” on the needle due 
to the non-equivalence of the balance, and caused 
by a momentary current in one direction through 
the signal coil, can be counteracted by a mo- 
mentary current in the opposite direction through 
the extra coil w. Experiment determines to which 
side of the balance, whether to P or P,, the 
extra circuit rz, w, ¢3, is to be connected up, 
and rg and cz are adjusted by trial. So also are the 
other parts of the balance ; r, being, we understand, 
an important element in it. 
his system a “ differential” one, but this is clearly 
due to a misapprehension of the term differential. 
It is a ‘* Wheatstone balance” system, with an extra 
circuit to the receiving instrument, such as Dr, 
Gintl employed. It could only in strictness be 
termed “ differential” if the two circuits of the re- 
ceiving instrument were exactly equal as well as 
opposed to each other, and connected together at 
one end, so that a current entering the instrument 
would divide equally between both circuits and 
exactly neutralise each other's effect on the needle. 
It is this arrangement which constitutes a ‘ dif- 
ferential” receiving instrument. In Aillhaud’s 
system the two circuits of .the receiving instrument 
are apart from each other, and need not necessaril, 
beequal, The extra coil w may be of short and thi 
wire while the signal coil may be long and thin, pro- 
vided only that the “‘ kicks” on the needle due to 
the sending currents in the signal coil shall be 
counteracted by ‘‘ kicks” in an opposite direction 
due to simultaneous currents in the extra coil. 


M. Aillhaud has called 








THE IMPERIAL COLLEGE OF EN- 
GINEERING, TOKEI, JAPAN. 

WE noticed some time ago* the work which was 
being done in teaching engineering in the Imperial 
University {Kaisei Gakko) of Japan, where engi- 
neering forms only a growing branch of a somewhat 
extended curriculum, We are able to-day to place 
before our readers some information respecting 
another institution in the same city (Tokei), which 
differs from the university in concerning itself ex- 
clusively with the education of engineers. 

The Japanese inaetel College of Engineering is 
an institution established ‘‘ under the orders of the 
Minister of Public Works with a view to the educa- 
tion of engineers for service in the Department of 
Public Works.” Its work is carried on almost 














on signalling by the key nocurrent passesthrough 


* See ENGINEERING, vol. xxi., pp. 152 and 544. 
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entirely by Englishmen under an English principal, 
Mr. Henry Dyer, B. Sc., to whom is due, we 
believe, the whole arrangement of the course of 
study in the college as well as the arrangement of 
the college buildings themselves, the architectural 
details of the work having been carried out under 
Mr. C. A. de Boinville. 

Mr. Dyer had no easy task before him in attempt- 
ing to work out a course of instruction in engineer- 
ing for students in a country where practical en- 
gineering was of very recent growth, and in some 
branches can hardly have had an existence, and his 
difficulties would not be lessened by the fact that 
the instruction had to be given in a language foreign 
to the students. The fact, however, that so many 
of the official engineers of the country are and will 
be educated at the college which he has organised 
rendered it doubly important that the scheme chosen 
should be a wise one, for the adoption of a mistaken 
principle of training would have been seriously de- 
trimental to the efficiency of important Government 
departments for years to come. It goes without 
saying that the plan best adopted for the special 
circumstances mentioned would not probably be 
that best adapted for us here. It may be none the 
less interesting to our readers to know what is being 
done in Japan, and there are certainly a in the 
arrangements of the Tokei college which are worthy 
of imitation in kindred institutions at home, in spite 
of their different conditions of kirormes.§ 

Admission to the college is obtained by examina- 
tion, fifty students being admitted each year. As 
the curriculum extends over six years, this makes the 
total number of students in the college 300. There 
is a preparatory school for about half as many lads, 
who take their chance with others in the entrance 
examination, in which a knowledge of the English 
language takes an important part. The students 
board in the college, either paying something for 
their own maintenance—in which case they are free 
at the end of their college course—or paid for by 
Government, in which case they come under an 
obligation to work ina Government department for 
at least seven years after leaving the college. The 
first two years of college work are the same for all 
students, the principal subjects taken up, besides 
English, being elementary mathematics, physics, 
and chemistry and drawing. In their second and 
third years the work of the students has more direct 
bearing upon their profession, and the college pro- 
vides separate courses of study for civil engineering, 
mechanical engineering, architecture, chemistry, and 
metallurgy and mining. The students spend the 
winters of these years attending lectures and work- 
ing at laboratories in college, and the summers at 
various special works, for the most part Government 
works. Their last two years the students give 
entirely to practical work in that branch of engineer- 
ing which they wish to prosecute, their position, in 
fact, not differing essentially from that of ordinary 
apprentices. The progress of the students is tested 
from time to time by examinations both on their 
their theoretical and practical work. 


We are glad to see that Mr. Dyer has kept clear 
of the fatal but easy mistake of making a colle 
workshop do duty instead of the thing itself. He 
has, however, been peculiarly fortunate in this 
respect, in having under his own management 
engineering works at Akabané,. These are works 
employing now some 320 men (besides students 
from the college), and in process of considerable 
enlargement. ey are intended chiefly to manu- 
facture machinery, &c., required by the Public 
Works Department, but also execute private orders, 
and appear to be conducted entirely as a commercial 
concern, ‘They appear, in fact, to be simply 
engineering works with an unusually large propor- 
tion of apprentices, and from the long list of ma- 
chines given in the College Calendar as in course of 
construction at Akabané, it is evident that the 
works are such as will give the students Jond fide 
practical experience upon a moderately large scale. 

In the work of the college itself we are glad to 
see that much stress is laid upon wing-—the 
teaching of which, in all its applications, seems to 
be very fully developed—and also upon work in 
laboratories. Of these there are four, physical, 
chemical, technological and metallurgical, and en- 
gineering. We gather that the last-named is not 
yet in full operation, but it has been at least started. 

rom the description given in the Calendar it 
appears to be essentially of the same kind as the “ en- 
gineering laboratory” which it is proposed to 
establish at University College, and which has been 


already described in these columns,* Of the very 
— utility of such an institution we have no 

oubt, and we are glad to see that Mr. Dyer is 
working in this direction. The laboratory at 
Munich, under Professor Bauschinger, seems to be 
'growing —v and we hear that it is proposed to 
form a similar one at Aachen. We trust it may not 
be long before we have one in London, 

It only remains that we should say something as 
-to the plans of the Japanese College, which we are 
able to publish with this notice. Fig. 1 (see next ) 
is a plan of the college itself. The main building 
(about 400 ft. long been completed some time 
(before its erection the work of the college was carried 
on in the building which is now the museum), and itis 
expected that the wings will be finished this autumn. 
Fig. 2 is a plan of the grounds showing the museum, 
laboratories, and dwelling houses, The following 
references will make these clear : 

Fia. 1. 

a. Large Lecture Hall. 

bb. Professor’s Private Rooms. 

cc. Class-rooms. 

d. Chemical Demonstration Rooms and Museum. 

ee'. Drawing Offices (Counting-house—ground flat of e'). 

f. Library and examination-hall, 102 ft. by 61 ft. 
g 9. Waiting Rooms (ground flat); Printing Offices (up- 


hh. Natural Philosophy Department, Laboratories, In- 
strument ms, &c- 

k. Boiler House. 

Fia. 2. 

. College. 
. Museum. 
. Principal’s House. 
. Professors’ Houses, 
Dormitories. 
Assistant’s House. 
- be se ~~ > 

ngineering ratory. 
. Metallurgical Laboratory. 
. Kitchen. 


RURAL WATER SUPPLY. 

THE subject of the supply of water to small 
towns, 8, &c., especially in agricultural dis- 
tricts, is one that has hitherto received little atten- 
tion, although the matter is one of great importance, 
the more so considering that the general tendency 
of our population is that of emigrating from the 
country into our large provincial centres, thus 
bringing with them the germs of disease that may 
possibly produce, in crowded localities, a dangerous 
epidemic. 

oe, "i present session a Bill was introduced 
into the House of Commons, under the auspices of 
Dr. Lyon Playfair and other members, entitled 
“Public Health Act (1875) Amendment, so far as 
relates to the Supply of Water’ (No. 193). The 
Bill seems to have attracted little notice, although 
it possesses that rare qualification of: legislation, 
namely, common sense, Pointing out that the 
Public Health Act of 1875 is inadequate to secure 
a proper and sufficient supply of water, especiall 
in rural sanitary districts, it is proposed in the Bi 
which is to be cited as the ‘‘ Public Health (Water) 
Act,” that it shall be the duty of every rural 
sanitary authority (Clause 2) to see that every 
occupied house within their district has, within a 
reasonable distance, a supply of pure water suf- 
ficient for the consumption and use for domestic 
purposes of the household. It then provides how 
proceedings should be taken against the owner of 
the house after due notice has been given him, 

iving six months to carry out the necessary works, 

the event of his not complying, after a lapse 

of another month, the local authority may do 
the work and enforce payment on the owner 
of the expenses. On the other hand the owner 
(Clause 3) has the power of showing: first, that the 
supply is not required ; second, that it is impracti- 
ca Te to provide the supply at a reasonable cost ; 
third, that the time limited by the notice is too 
short; and lastly, that the whole or part of the 
expense of providing the supply ought to be a 
charge on the district or contributory place in which 
the house is situate, On. these grounds the owner 
may appeal to the Local Government Board, to 
whom it is proposed to leave the decision as to what 
steps are to be taken. By Clause 4 it is proposed 
that it shall not be lawful in any r district 
newly to erect any house, or to rebuild any house 
which has been pulled down, until a sufficient supply 
of water has been provided, and sanctioned by the 
local authority as fit for domestic purposes. 
regard to public cisterns, pumps, wells, reservoirs, 
&c, (Clause 5) it shall be the duty of the local 
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* See vol. xxiii. of ENGINEERING, page 95. 


In | blow out 25 furnaces, leaving 82 in operation. Two of 
furnaces 





authority to see that they are properly maintained 
and plentifully supplied with pure water. The 
rural sanitary authority (Clauses 6 and 7) may 
make bye-laws’ to carry out the provision of the 
Bill, and must cause inspection to be made to insure 
the following out of their regulations, By the 
last Clause (8) it is proposed that where an urban 
district, or any part thereof, is not supplied with 
water, either by the urban authority or by any 
water ra empowered by Act of Parliament, 
the authority shall within that district have the 
same powers of enforcing a supply of water as are 
by this Bill proposed to be conferred on a rural 
sanitary authority. 

Excellent as the provisions of this Bill may be, we 
fear that the legal and other difficulties that would 
attend the enforcement of its provisions. would be 
great. At the same time it is a most useful addition 
to suggestions which ought to be incorporated in a 
kind of Consolidated Water Bill for the whole king- 
dom. Clause 2 gives a difficulty in the term ‘“ pure 
water,” for who is to judge of this, when, on the 
one hand, something like about 2,000,000 of the 
inhabitants of the metropolis drink dilute sewage, 
while, on the other, the population of Glasgow are 
supplied with water nearly chemically pure? Again, 
Clause 3 opens out a number of legal difficulties that 
would defer a new water supply indefinitely, for the 
Local Government Board is now over-taxed with the 
requirements of large cities in regard to sewage, 
water, and other questions. As regards Clause 6, 
giving the rural sanitary authority power to make 
bye-laws, the promoters of the Bill seem to have for- 
gotten that the members of that ‘‘ authority” are 
frequently shareholders in the water supply scheme 
of the district, Can we reasonably expect dis- 
interested action on their part? However, the Bill 
is good in its way, and Dr. Playfair and his col- 
leagues deserve thanks for bringing the question of 
rural water supply thus prominently before Parlia- 
ment, whatever the result of their efforts may be, 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
steady Th » when Wom business was 
done in warrants at 54s. 2d. cash and at 54s. 34d. one 
=_—_ fixed, ha — 4 bor Be Dy sage: 

yers offering 54s. . prompt cash an . 3d. one 
month. In the afternoon the market was quiet at the 
closing forenoon prices. On Friday forenoon there was a 
firm market, and fasinss S was done in warrants at 54s. 3d, 
cash, and at 54s. 44d. one month fixed, closing with buyers 
at both prices, sellers asking a shade more, e afternoon 
market was very idle, and there was no change from the 
prices paid at thé close of the forenoon market. Firmness 
was again the rule on Monday forenoon, business being 
done in warrants at 54s. 6}d. one month fixed, closing 
with buyers at 54s. 5d. cash and 54s. 64d. one month, 
sellers asking 54s. 6d. cash and 54s, 74d. one month. The 
afternoon market remained steady, with buyers at 54s. 5d. 
cash, and sellers at 54s. 6d. Yesterday’s forenoon market 
was also firm, and some transactions took place in 
warrants at 54s. 7}d. cash, and at 54s. 9d. one month 
fixed, the market closing with buyers at both prices, 
sellers asking a shade more. The afternoon market was 
steady, with the quotations as at the close of the forenoon 
market. Firmness was again the this forenoon, when 
a good business was done at 54s. 7}d. cash, also at 54s. 9d. 
one month, closing with buyers at both prices, sellers 
— a e more. There was a very strong market in 
the afternoon, and business was done at 54s. 9d. cash, and 
54s. 10$d. one month fixed. Since the termination of the 
annual holidays a business has been done, and the 
aspect of the market has become more encouraging. 
Shipping iron has been in better request, a fair amount of 
business beiug done, and prices becoming firmer. Last 
week’s shipments amounted to 7950 tons, as inst 
7251 tons in the corresponding week of last year. con- 
siderable quantity of pig iron has lately been sent into the 
public warrant stores, the total stock with Messrs. Connal 
and Co. up to last Friday night being 146,690 tons, show- 
ing an increase for the week of 1494 tons. 


Important Decision of the Scotch Ironmasters,—A 
me of the Scotch ironmasters was held in Glasgow to- 
a . James — = toon Works, presiding 
or the purpose considering the present position an 

of the iron trade, in view of the demand made 
he miners for an advance of wages, and also of the fact 
that there are large stocks of pig iron now on hand, the 
trade having not in the least degree improved. It is stated 
that after considerable discussion a resolution to dam 
out one-third of the furnaces in blast on 11th of Augus 
this Se met nt the meeting and agreed to. Such a 
resolution has been contemplated for some time, and it is 
that, while suppl, a proof of the inability of 
the masters to pay more money for production, it will 
ultimately have the effect of imp the tone of the 
iron mar Another statement is that it is intended ‘a 

at the Shotts Iron Works have been blown out 
since last report, leaving 107 at present in blast. 


Highland Society’s Show.—The annual show of the 
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Highland and ee: Society of Scotland is being 
held in Edinburgh this week, yesterday being the opening 
day. There is an unusually dis: in the implement 
department. of the best firms of agricultural im- | Wostern Railway 


plement makers in land are amongst the exhibitors, in 
addition to all the leading Scotch firms. The followin; 
are the awards by the judges of implements: Minor Gol 
Medal—W. Lincolne and Co., Glasgow, for 5-ton Thom- 
son’s self-sustaining screw pulley block, invented and made 
by W. Thomson and Co., Glasgow. Silver Medals—Wil- 
liam Bain and Co., Lochrin Iron Works, a for 
fence for cattle; George Hathaway, Chippendale, Wilts, 
for improved churn ; James ec, Glasgow, new 
tent butter worker, for squeezing buttermilk out of the 
utter, and su ing the ordinary methods of i 
by the hand; A. P ,» Mauchline, for new potato 
dressing machine ; bert Robertson, Niddrie Mains, 
Liberton, for plough for ~~ with shaws ; Robey 
and Co., Lincoln, for No. 1 self-acting circular saw bench ; 
John Williams and Son, Rhyl, for new patent chaff-cutter. 
Recommended for trial—Brigham and Co., Tweed Imple- 
ment Works, Berwick-on-Tweed, new patent turnip shawer 
and rooter, working with saw ; also a new patent 
turnip shawer and rooter, with on ome J blades, and a new 
tent turnip thinner. J. L. Catchpole, Framsden, Ston- 
fam, Suffolk, two British and foreign patent corn and seed 
separators. William Dewar, Kellas, Dundee, tato 
lanting machine. John G , Westoe, South Shields, 
Souble- ill turnip-topping and tailing machine. Haughton 
and Thompson, engineers, Carlisle, new patent national 
ustable horse rake; also improved patent self-actin 
Kenworth cod Go Piireepoal, the Avo en-divchens 
> . the er rging 
rake. William Seen ard Sons, Jane-street, Leith, 
—o for fishing-boats, single handle ; do., 
do., dou handles. Duncan Ross, Academy Court, 
Inverness, im self-ad turnip-topping and tail- 
ing machine, single and double drills. 

Peterhead - ee ee Peterhead Harbour 
Trustees are at presen carrying out extensive 
improvements at, and additions to, the harbours under their 

A loan of 20,0001. has been obtained from the 


custody. 

North of Scotland Board, which is being applied to the con- 
struction of a local harbour at Port H = _ 
Pinted to dospen ond extend Eo come 


Commi 
intimated that they would 
the lowest rate of interest, 


. Itis contem- 
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FOREIGN AND COLONIAL NOTES. 

Steel Rails on the Great Western of Canada.—In the 
course of the half-year ending January 31, 1877, the Great 
Company of Canada laid 31} miles of 
steel track en its aa aenee and upon its leased lines. 
About 14 miles of steel rails were also laid on sidings durin 
the half-year. Altogether, it will be seen that about 32 
miles of steel rails were laid upon the system during the 
twelve months. 


Repairs on the Illinois Central.—During the past year 
the engines and cars on the Illinois Far Railroad oo 
been largely repaired, and it is expected that they will be 
put into egg ad ge order before the autumn traffic 
commences. bridges have been rebuilt and a 
supply of timber :has been accumulated for the thorough 
repair of others. In all, 6000 tons of steel rails are ex- 
to be laid this year. On the 1st of April there were 
56 miles of track which required relaying in order to 
remove the old chair rail and complete the line with fished 
joints throughout ; of this 66 miles will be laid by October 
1, 1877, thus leaving about 90 miles, or only about one- 
sixth of the entire line, to be steeled railed. The line will 
then be in a fair condition for working the winter traffic. 


Ararat and Hamilton Railway.—The ery of the 
Ararat and Hamilton Railway as far as Dunkeld, 47 miles 
from Ararat, has been celebrated by a uet at Dunkeld. 
Communication has now been established railway from 
Melbourne to Dunkeld, a distance of 204 miles. The 
section to Hamilton is to be completed by September, 1877. 


The Welland Canal. —This work is progressing satisfac- 
— The establishment is being aimed at of a navigable 
with locks 270 ft. long and 45ft. wide, with 14 ft. 
depth on the sills, the canal wr having a width of 100 ft. 
at the bottom with a depth of 15 ft. For the present, 
however, the depth of the new canal between the locks is 
to be 13ft. Work is being pushed forward vigorously on 
all the sections. Section No. 36 embraces the enlargement 
and deepening of Port Colborne harbour, on the Lake 
Erie entrance to the canal, including the extension of the 
west pier about 400 ft. further into the lake. 


An American Iron Screw Tender.—Messrs. Baird and 


i 


an a ep 6 oe vessels of og a meg 
ry ipsic, 6, at Washi , the Galena, 
8, at Norfi reek te Tekin. & ob Island—can 
soon be finished and got ready for sea. Itis said that the 
Secretary of the Navy intends to use the appropriations 
‘or the next fiscal year for the repair and preservation of 


> 





vessels, the maintenance of the navy, &., and not to 
apply it to the liquidation of debts contracted by the de- 
partment before he came into office on account of in- 
sufficient appropriations. 
American Mechanical Industry.—The barque Matthew 
Baird has loaded at Wilmi m with cars for a railroad in 
» manufactured by the Harlan and Holli rth 
Company’s Works. She is a vessel of about 600 tons bur- 
then, but was unable to carry the whole of the consignment, 
and another vessel will have to be employed. Messrs. J. 
Roach and Sons, of Chester, Pennsylvania, have launched 
an iron steamship, not at present named, for Messrs..C. H. 
, of New York. The new steamer, which is in- 
tended to trade between Galveston and points along the 
Rio Grande, is 239 ft. 7 in. in length over all. Her 
engines are to be o_o, with cylinders 24 in. and 
ith 44 in. stroke. There are signs 
The Trenton 
Iron Company and Roebling’s Wire Mill] are both 
running with an increased force of workmen. The Penn- 


i 


sylvania Railroad Company is reducing its staff in its 
Altoona shops. 
Defences at South Australia.—The South Australian 


Government has telegraphed to its agent-general in Lon- 
don for a supply of Martini-Henry rifles, that des- 
cription of small arms having been recommended to them 
by Sir William Jervois, whose opinion they sought. The 
South Australian Government has in addition asked the 
Home War Office authorities for the assistance of a royal 
engineer, or artillery officer competent to take the command 
of certain proposed volunteer forces. 


Austrian Railway Accidents.—It appears that 217 trains 
ran off the rails upon Austrian railways in 1876. ‘The cor- 
responding number of derailments in 1875 was 263, so that 
Austrian railway management would seem to be improving 
rather than otherwise. The length of line operated in 
Austria in 1876 was something over 7000 miles, or 300 miles 
more than in 1875. This comparison, of course, renders 
the figures given just previously all the more satisfactory. 
The number of collisions, &c., in 1876 was 72, against 71 in 
1875. The cases in which men or animals were killed by 
trains ing over them numbered 476 in 1876, against 
484in 1875. The disasters caused by the elements in 1876 
numbered 186, against 207 in 1875. e whole number of 

killed in 1876 upon Austrian railways was 187; in 


persons 
1875, the corresponding number was 196. 


Northern Pacific Railroad.—Both ends of this hitherto 
unfortunate line, so far as they have been completed, are 
stated to be realising a handsome profit. The company has 
recently built a branch, 31 miles long, to an 11-ft. vein of 
bituminous coal, for which it is said there is a good market 
in Oregon and Washington. It is certainly high time that 
fortune should begin to smile a little upon the Northern 
Pacific Railroad. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
better attendance on ’Change at Middlesbrough, but busi- 
ness was worse than it was the previous week. Prices 
were flatter, being based on No. 3 Cleveland pig selling at 
39s. 6d. per ton. Shipments are more active, and the 
exports are tolerably fair to France and Germany. The 
home demand is very poor. 


The Finished Iron Trade.—There is nothing new ia this 
branch of industry. The wages question is still unsettled. 
On Saturday next there is to be a meeting of the Board of 
Arbitration, when it is expected Mr. David Dale, of Dar- 
lington, will give his award and explain his reasons for 
arriving at a conclusion. 


The Middlesbrough Warrant Stores.—We are informed 
that the business of the Cleveland Iron Store Company, 
Limited, has been taken over by Messrs. Connal and Co., 
of Glasgow, who are so widely known as store keepers. 
The affairs of the old company are being wound up. 


Shipbuilding and Bagincerng Op the northern rivers 
there is a good deal of shipbuilding going on. Many large 
steamers are in a forward condition, and will soon 
launched. It is satisfactory to know in the midst of so 
much depression that the builders have other orders on 
their books. Engineers are fairly busy. Some of the 
marine factories are very- busy. 

The Coal and Coke Trades.—Flatness characterises the 
fuel trade, and until there is more activity at the iron 
works the collieries and coke ovens in the North will not be 
any busier. The wages question in the Northumberland 
coal trade having been the subject of arbitration, will soon 
be settled. Next week it is expected that Mr. Herschel, 
M.P., who was umpire, will give his award. 

Trade P: cts.—The prospects of trade are very dis- 
couraging. The war ont rumours of war, and the pro- 
bable European complications, are seriously interfering 


rigged | with commercial affairs. Advices from the Continent show 


that people are afraid to do business owing to the uncer. 
tain position of political matters. Meanwhile, ironmakers 
stocks are increasing, and every week the owners of blast 
furnaces find themselves in a worse condition. Some of 
the ironmasters will be obli to suspend operations, 
otherwise they will not be able dang te continue to meet 


their liabilities. Putting pig- into stock is a very ex- 
pensive proceeding, and can — be done for any consider- 


able length of time by men of lange coptial. 


t lasting peace will be arranged before 
this year, in which case prosperity will ily dawn 
upon the several industrial districts ts whic Nhave suffered 
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LOADER’S HAYMAKING MACHINE. 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND COMPANY, ENGINEERS, LINCOLN. 
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We illustrate above Loader’s haymaker, manufactured 
by Messrs. Ruston, Proctor, and Co., of Lincoln, and ex- 
hibited by them at the recent Royal Agricultural Society’s 
Show at Liverpool. We have already (see page 46 ante) 
given a description of this machine, and a very brief notice 
will therefore suffice. The drawing shows the upper part 
of the elevator of the apparatus in three positions, the 
hinged portion being controlled by the lever, chain, and 
wheel at the side. Motion to the travelling band is im- 
parted by means of the spur-wheel attached to a driving 
wheel of the machine, and gearing into the pinion below. 
As made by Messrs. Ruston, Proctor, and Co., the capa- 
city of the apparatus is developed to the utmost, and it is 
undoubtedly capable of doing good and rapid work. The 
principal objections urged against it are its size, weight, 
and cost as compared with the ordinary haymakers. 








Tue TELEPHONE.—The proprietors of the eqgating tele- 
hone are putting instruments into use in Providence, 
hode Island, to a limited extent, selecting a few specimen 

cases to insure the instrument a full test for practical 

oe. Some small telephones which have been intro- 

uced are not over 5 in. in length, and they weigh less than 
$1b.; but they do all the work for practical purposes of 
larger instruments. 





Tue Luron anpD Hemet HempsTeaD Rartway.—On 
Monday the 17th inst., the new railway from Hemel Hemp- 
stead to Luton was opened. Hemel Hempstead is a 
thriving market town, and one which has thriven in spite 
of having been hitherto practically shut out from direct 
railway communication. The nearest station is Boxmoor, 
on the London and North-Western Railway, and so far as 
London is concerned that station answers the purpose. 
But the most important trade of the district is the straw- 
plait, and the chief market for that product is Luton, with 
— new line forms . direct oes of meen arene om 

way is nine miles , and runs from a ange 
on the Midland Railway, peg demebeny on the London and 
North-Western line. It has two stations, Redbourne and 
Hemel Hempstead Town, and it is now leased to the Mid- 
land Company, and will form a portion of their system. 
The line has | empeti v out by an independent company, 
and its original promoter and staunch was Mr. 
T. Barrow, of Staveley, who died in 1871. Mr. Barrow’s 
interests ded to his son, Mr. J. J. Barrow, who has 
carried on this important _— work to completion at a 
cost of nearly 140,0001. works have been ably carried 
out by Mr. J. W. Grover, C.E., 9, Victoria Chambers, 
Victoria-street, who was congratulated during the open- 
ing, eoromeny upon the sncoms of his labours in con. 
nexion with a extended over several 
years, and had been at times beset by serious obstacles. 
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LOCOMOTIVE FIREBOXES, 
(Continued from page 58.) 
pring will carry 
suid and pow its 
not strained beyond its capacity. 
oe prayers ey . break or receive a 
mn on 
metal. This will occur, even if suc 


not in fairness be attribu' ; I 
It would be a remarkable fact, a if the spring were 
to break or receive a permanen' 

load or strain having been put on it; and it would be 
equally remarkable if firebox sheets cracked or | n 
without being under excessive tensile strain. Tensile strain, 
then, in that part of the sheet, to an extent sufficient to 
rupture it, is the cause that produces the crack in every 
case where rupture is sudden. On this point we believe 


year’s report, but as that 
and our conclusions on thi 
by some of our members, we 
we follow to some extent the li 


*"Tf, in the case of the spring 
in the case e 

strain upon it at no time exceeded 
steel, then no injury resul 
standing it may have been 





ects in the steel. 


the first, will break or lose 
ceeds the elastic limit of 
moment. Inthe same way, 
the metal in one sheet 


without an excessive 
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portion of the sheet in the w 
hose 


along A B is und 
extent of that compression will 
difference between the temperature 
of the sheet surroundi 
ter the compression, 
i in this way exceeds the 
metal, then the metal i 
—— to that extent. 


Bottom of Fire Bax ler compression in that , 
Te be in proportion 
there is no room for a difference of opinion. 
noe pee the fact that a large number 


quality of steel, so 
4 bas cracked 


w 


far as toughness and strength 
in the same way, 
circumstances as in cases where the metal was 
ferior quality. We find also that ina 
not more than one sheet of the fire! 


question that, if ; 
other does not, although it may 
still remain sound? Or if the s 
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ef 
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sheet. If, 
AB, even if but 
line, then when the whol 
same temperature in all 
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erred to. i tensile strain AB is not inci local companies and manufacturers have | the telephone—the electric candle—the orthoescope or 
: Shee velewtie ath of the metal, then no injury mmc prt fey. opened théir establishments for out | “light =i". and some other recent developments of 
results. It is like the metal in the spring loaded within | inspection, and have most obliging! expressed their | physical chemical phenomena—but, however interest- 

e 


its capacity to carry—within its elastic limit ; 
strain may be continued indifferently without injury to 
the sheet. We have reason to believe that the latter con- 
dition described is that which ordinarily exists in the side 
sheets of fireboxes, and to a certain extent in the lower 
part of the door and tube sheets. 

We think that in all cases where rupture has occurred 
the cause is traceable to an excess of temperature in a 
comparatively small portion of the sheet at some previous 
time. By accident, or by some iarity of the bed of 
coals on the grate under a strong draught, the temperature 
of one sheet may at some point, as for instance along A B, 
become such as to produce unusual expansion and con- 
sequent results, while no such temperature would be 
produced in any of the other sheets of the firebox ; 
and that such injurious temperature might, in the way 
described, be produced in several of the sheets in one 
engine, and in none at all in another engine. In every 
instance coming under the observation of your committee, 
where rupture {oc , it started from a stay-bolt hole, 
extending from that in opposite directions. The beginning 
of the final crack, we ieve, was in each case an old 
crack extending from the stay-bolt, from jin. to l}in. 
These old cracks, doubtless, form a very small begi x 
gradually increased in length by tensile strains in the sheet 
when cold, until the sheet had become too weak to with- 
stand the strain, and when started, the jar or spring of the 
sheet, when rupture began, carried it far into the sheet 
beyond where any tensile strain existed sufficient to start a 
rupture. If, then, the causes referred to above are those 
which result in cracks at stay-bolts nearest the fire, and in 
some instances rupture of the sheet, it would seem that 
corrugations, or a few channels, vertical in direction, 
would, to a great extent, obviate the difficulty. 

Mr. James em og the Lake Shore and Michigan 
Southern Railway, a number of fireboxes in use with 
corrugated side chnabs ; the eo vertical and the 
stay-bolts situated in the top and bottom of the corruga- 
tions. In answer to the question as to whether any small 
cracks had manifested themselves at stay-bolis he states 
that they had, the same as in plain sheets. He also states 
that one corrugated sheet had cracked after being in use 
about one year, and that the crack was horizontal in 

ion, or at right angles to the corrugations, the only 
case ever repo: to us in which a crack in a firebox sheet 
started and continued in that direction. Mr. Charles 
Graham, of the Delaware, Lackawanna, and Western 
Railroad, states that he has just taken out two corrugated 
iron fireboxes which have been in use in the anthracite 
coal burning engines on that line, the one making a mile- 
age of 183,240 miles, the other 210,000 miles. These boxes 
were of the long and comparatively shallow type, with a 
horizontal seam in the side sheets about half way between 
the grate and crown sheets, Of their condition he says: 
‘There were a few small blisters on the fire side of the 
sheets, a few cracks from the rivets in the horizontal seam 
downward resulting from the seam being too near the fire, 
0 Gary 99-40 am encounter when the seams are high 

.’ “TT may mention that in these corrugated sheets 

ere was an entire absence of small cracks from stay- 
bolts in the side sheets, while in the case of the crown 
sheet, a plain, straight sheet, numerous small cracks ex- 
tended in every direction, from the stay rivets caused by 
the washers between the sheet and crown bars being too 

in diameter (2}in.) and too thin (jin. thick), and 
sediment filling up the space between the sheet and 


Mr. Graham also says that he has ‘‘ one engine running 
with steel firebox, one side sheet corrugated, the other 
and another with both corrugated, but that neither 
run long enough to show any advantage.’’ Has one 

ith corrugated side sheets of Low Moor iron, which 

, made a mileage of 181,630 miles 

og ee apy . Another with copper side sheets, 

plain, has a mileage of 166,186 miles, and so far has 
given no trouble. 

From the re of mileage made by steel fireboxes, both 
last year o- > rep infer ae 300,000 miles f 
engines A or freight engines may 
@ very average mileage for steel fireboxes. Under 
favourable conditions it may be more, and with the reverse 
it will be less, depending to a considerable extent on the 
character of the water used, as to its purity and freedom 
from solid matter held in solution, with a tendency to 
adhere to the sheets in the form of a hard and solid scale. 

(To be continued.) 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Address of the President, Mr. Tnaomas HaAwKEsLEY, 
delivered at the Bristol Meeting. 
GentTLemen,—I am happy to inform you that the 
business to be transacted at od ae eo meeting is so con- 
siderable that my duties will be best perforraed by occupy- 


as little of your time as the due 
i the time 
qn Some 








illingness to afford us all t cilities in their 
power. Neither must I forget to express my admira- 
tion of the able manner in which your local secretary, 
Mr. Wilson, has fulfilled the onerous obligations he so 
cheerfully accepted on our behalf, nor fail to acknowledge, 
with my warmest thanks, the unremitting exertions to 
which we are indebted in no inconsiderable degree for the 
well-assured success of our present gathering. The 

rogramme of the poocsetings issued by our secretary will, 
Sooo, fully inform you of the occupations to which our 
four days of intermixed labours and festivities are to be 
devo’ To that document I therefore refer you. 

It is necessary to say a few words respecting the present 
altered position of the Institution and its future prospects. 
You are all aware that the Institution of Mechanical 
Enginéers has exchanged its provincial for a metropolitan 
habitat ; but it may not be known to you that it is already 
domiciled in Victoria-street, Westminster, where it is in 
possession of handsome apartments excellently adapted for 
the transaction of the business of the Society, and for the 
useful accommodation of its members. There are five 
good rooms on the ground floor, besides two other dry and 
well lighted rooms on the basement, suitable for the sto 
of the Society’s maps, drawings, and publications. The 
pened rooms are intended to be devoted to the purposes 
ro 

1. Amembers’ reading and correspondence room. 

2. A library. 

3. A secretaries’ room, to be used also as a council room. 

4. A clerks’ or sub-secretaries’ office ; and 

5. A drawing office. 

And it is believed that the establishment, thus ern’ 
and properly organised, will become extremely serviceable 
to foreigners and colonists who, having business to transact 
in this country in relation to matters connected with 
mechanical engineering, have hitherto had no authenti- 
cated place of reference for such advice and information as 
our future officers will henceforth be readily able to afford. 
It is also intended to provide, in addition to a library of 
standard works of i professional merit, such 
books of reference, pertinent periodicals, maps, and com- 
mercial returns as may be found to be the best calculated 
to promote the interests and convenience of the members 
of all classes. 

During the brief period which has elapsed since the 
members resolved to remove the Institution to London, 
the Council and their committee, assisted by their officers, 
have loyally and heartily endeavoured to accomplish the 
ends the Society had in view; and I can testify, from 
personal observation, that to the committee generally, and 
to two of them, Mr. Cowper and Mr. Easton, in particular, 
we are all very much indebted for the excellent results 
already attained. 

It must not, however, be assumed that these results 
have been arrived at without some countervailing disad- 
pegmane ; amongst others we lose the long experience 
and valued services of our esteemed secretary Mr, rshall, 
whose name has, for nearly 30 years, been identified with 
the public and private interests of this Institution ; services 
which well deserve the recognition and reward which it is 
the intention of the Council, with your approval, to bestow 
upon them. We also n i er a somewhat heavy 
augmentation of our disbursements for rent and other 
establishment expenses. Nevertheless, I am able to con- 

tulate the Institution, not only because of the benefits 
it will derive from becoming located in the metropolis of 
the world, but also because we shall, as I fully believe, be 
enabled to claim a financial success by making both {ends 
meet without taxing the members or encroaching (except 
perhaps for the expenses of removal) upon our now very 
considerable accumulated fund. 

These important changes in your circumstances as a 
society have occurred during the period in which I have 
had the honour to be your President, and as they will very 
much affect the future position of the Institution I hope 

ou will not consider it out of place if I venture to address 

Poo a few precautionary observations. 

he occupations of a mechanical engineer are, as you 
well know, commonly of a very mixed character ; profes- 
sional as regards advice and design, commercial as 
manufacture and remuneration. The existence of com- 
petitions in business and trade jealousies amongst your- 
selves are therefore inevitable. You would be more than 
human if your susceptibilities were not frequentl 
awakened, and often even rudely awakened, by the inci- 
dents and accidents of your daily life and avocations. 
Your Institution will, therefore, flourish or decay just as 
ou are careful or careless to prevent suspicions and causes 
or suspicions attaching to the conduct of your officers in 
their relations to the members. I have already intimated 
my opinion of the benefits the Institution may, irrespective 
of its scientific and practical character, be able to confer 
otherwise than directly upon its members, but in order to 
effectuate this object for the general advantage of the 
Society there must be a concurrence of unbiassed feeli 
and generous sentiment on the part of both members 
officers. The officers on the one hand must be wholly 
detached from and unconnected with trade alliances in any 
form, whilst on the other hand the members must, as a 
int of scrupulous honour, avoid all inducements to 
reaches of that good faith and impartial action which it 
will be the pe Ded fn ede will be the pleasure the 
disposition, of the officers to manifest to the members. 

t was my desire and design to have to 
attention the chief improvements in practical mechanics 
and the cognate arts which have occurred in the last twelve 
or eighteen months ; but, on reviewing this ‘‘ recent past,”’ 
I am not surprised to find that the coincident of 
comm 


ercial depression has also been a period of marked 
inventive inactivity. It is true I might have discoursed on! i 


y 100,000,002. — 


your | tent. 





ing or ing the descriptions might be made, these and 
the like inventions and discoveries id not appear to me to 
be sufficiently connected with our own pursuits to form 
fitting subjects for discussion on the present occasion. 
There is, however, one exception. Earth and air are filled 
with wars and rumours of wars; and, accordingly, men’s 
minds are occupied to an absorbing, if not to a ridiculous, 
extent in devising means for the more ready and compre- 
hensive destruction of life and property. Believing as I 
do, and as all history teaches, that the combative tendencies 
of mankind are irrepressible, and that war, with all its 
horrors, is, however unhappily, an inevitable characteristic 
of humanity—a characteristic not amenable to the salutary 
influences of civilisation, or of religion, or even to the 
moral certainty of absolute annihilation—for when were 
the dogs of war so often let loose, or let loose with such 
fatal effects, as they have been, notwithstanding our higher 
civilisation and improved religious instincts, within the 

quarter of a century? Believing, I repeat, that war is an 
inevitable calamity, and being also of opinion that this 
nation must, sooner or later, be drawn into what may 
easily become a widening conflict, it is surely the pre- 
eminent duty of all good citizens to look well to the care 
and protection of their homes, their hearths, and their means 
of subsistence. And how, let me ask my countrymen, are 
these supreme objects of our solicitude to be assured? Not, 
as in the olden times, by the personal prowess of a stalwart 
peasantry ; not by bow and arrow, sword and battle-axe ; 
not even by gun and bayonet, but by vast and complicated 
machines, to which human intelligence adds little more 
than their fatal direction. Machines which other nations 
pessess as well as ourselves, and in greater abundance, and 
to the possession of which we have, however illogically, 
pees ever willing to lend them a helping and contributing 

and. 

Now, seeing that we English le ‘‘ stand so thick on 
the ground,” that we are obliged to import one-half of our 
food from abroad (a matter in to which we are 
differently distinguishably circumstanced from all 
other peoples), from countries, too, with which we may have 
ceas be in amity, and across seas upon which an 
enemy’s ship may triumphantly float, it is surely a para- 
mount duty of our Government to oat such timely 
measures as will secure to us the paths of the ocean for our 
food inwards, and for our manufactures, wherewith to pay 
for our food, outwards, and how? By ceasing to build in 
their own and arm in their own arsenals those 
enormous and unwieldy floating castles—castles, I think, 
of display and despair—which can at best be in a very few 
places at once, which can safely approach but very few 
coasts, which can enter but very few rivers or harbours, 
and which can guard or convoy but a tithe of our merchant- 
men, the loss of one of which would in men and treasure 
be a disaster almost equivalent to the loss of one of our 
counties; and by invoking whilst there is yet the useful 


and favourable rtunity, the aid of you, the mechanical 
engineers of England, in order to provide the nation with 
a competent fleet of light, and swift, and well-engined 


ships, equally ble of sailing or to any or 
every quarter of the globe in which their services may be 
found requisite, and which, by the exercise of.a daring and 
hornet-like activity, would succeed in driving every enemy’s 
ship from the face of the sea. Add to this, that the 
bee ped would thus obtain the a of = mother 
wit and speedily acquired experience of many master minds ; 
that our workpeople would be thus afforded the fitting 
opportunity of becoming skilled in and accustomed to a 
nationally important class of construction ; and that the 
taxes taken from the rd gre i ald 
be thus redistributed amongst them in the form best 
adapted to their wants and habits, that is to say, for the 
most part, in payment for their skill and labour. 

I beg you will not fail to understand, that in making 
these observations I am governed by impressions of a 
wr character rather than of a bellicose order. I 

etest war in all its phases, but I prefer war to starvation. 
When the day comes, and it most undoubtedly will sooner 
or later arrive, we must either fight or famish. Fight and 
conquer if we are fully prepard ; famish and succamb if we 
are unp’ a 

There is one other subject of a vast, direct, and im- 
mediate importance to all classes in thiskingdom. We are 
at this time diminishing our wealth and the means of sup- 
idly-increasi pulation by more than 

per why? Simply_ because 
bonsign nations will not voluntarily take such sufficient 
quantity of our goods as to enable us to liquidate our con- 
stantly recurring indebtedness to them for the food we in- 
voluntarily require at their hands. Again, let me ask why? 
Simply we do not manufacture cheapl, enough, 
and, to some extent, well enough. . For the t time, let 
me ask why? Simply because our labour is too dear—too 
dear in respect of price, too dear in respect of the quantity 
of work med, and { 90 dear in respect of the obstruc- 
FES eS 
upon oymen’ employer. 
these respeets the English rh eens employer—the work- 
man’s best friend—is placed at a singular and often ruinous 
disadvantage when he is brought by the exigencies 
to immediate competition with the 


> itelist oe ho, h suffering to pam} 
capi em who, althoug some 

from the ion of similar interferences, suffers 
them ins mueh milder 
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wealth, whilst the working man observing this and being 
misinstructed by his po advisers, themselves utterly 
ignorant of the first = E of international political 
economy, has conceived and become thoroughly imbued 
with three transparently false notions. 

1. That he is entitled to share in his employer’s success 
in business. : 

2. That he has a right, in combination with others, to 
exact conditions from and prescribe terms to his employer. 

3. That he has a right, in combination with others, to 
force his employer to yield to his exactions and prescriptions 
—exactions and gee pee which concern not. merely 
himself but which are so exercised as to control the em- 

loyer in regard to the manner in which he shall conduct 
bis business, and even in respect of his relations to the 
general public at home and abroad. : 

Besides this the workman is induced, by popular mis- 
representations, to believe that capital is rather his enemy 
than his friend, and that he has a perfect right, by 
unionistic efforts, to crush his employers’ trade for union 
purposes, and.so:to destroy, in ‘the result, the source of his 
own livelihood. And, again, the working man has been 
and is still so mistaught as to have become firmly con- 
vinced that an increase of wages, however enfo’ » is 
necessarily a sound and permanent addition to his own 
means of living, in comfort or otherwise, and only too 
frequently “‘ otherwise.” 

Owing to these patent mistakes, wages (but not the means 
of living) have, of late years, been unduly forced up in this 
kingdom ; whilst. on the other hand, production has been 
relatively as unduly forced down. Trades once monopolised 
by England, the whilom workshop of the world, have be- 
come wholly or partially settled elsewhere ; whilst our own 
working people, still unshaken in their belief in the virtue 
of strikes, high wages, short hours and workshop restric- 
tions, are only partially employed, and that too with the 
certainty staring them in the face that unless they cease to 
conspire to make goods dear, the goods they buy as well as 
those they make, their opportunities of earning a comfort- 
able livelihood, must necessarily become-from year to year 
fewer and fewer, till in the end, when we shall have lost 
the larger part of our foreign export trade, the struggle for 
existence will become most painfully and increasingly severe 
among them, and less and less capable of mitigation. 

Much .observation and a long experience ‘have finally 
brought me.to the - i ab, if the trade of this 
country is to be saved, and if the British workman is to 
be secured of his industry and its well-merited fruits, the 
cost of all commodities, labour included, must be closely 
assimilated in this kingdom to the cost of like commodities 
on the continent of Europe and in America. May man and 
master open their eyes to this already pressing necessity. 








THE TYNEWYDD COLLIERY ACCIDENT. 
On the Tynewydd Colliery Inundation, with Particulars 
of the Appliances used for rescuing the Miners and 
recovering the Workings.* 
By Mr. T. Hurry Ricuzs, of Cardiff. 

Tue Tynewydd Colliery, which is ‘98 yards deep to the 
landing, is worked upon the old-fashioned principle of ‘‘ coun- 
terbalance by water’’—having merely a flat drum sheave 
upon the pit framing, over which the chain rope runs ; and 
to this sheave is attached the brake, worked by levers from 
the pit’s mouth. It is a very primitive appliance, but this 
process of sending down water with each will at once 
be seen to be most. objectionable in connexion with an in- 
undation, as of course it has again to be pumped up. 

The coal worked in this pit is the ‘‘ No. 3 Rhondda,” 
and the.mode of tem is “‘ pillar and stall.”’ The seam 
dips in the locality of the points marked G and F in the 
Ler at an inclination of about 1 in 10 towards the south- 
west. 

It will be seen that Thomas Morgan’s stall (where the 

entombed men were) is driven 45 yards (12 wide a: 
5 ft. 6in. high) towards the rise from Jenkins’ heading ; 
therefore the floor of the upper end would be 13 ft. 1 in. 
vertically oe than the floor of the heading, and this fact 
made an air lock or chamber for the captives to escape to 
when the flood met them, and prevented their reaching the 
upper workings. The water was kept back by the com- 
pressed air in this stall to 35 _— from the face, this 
giving a vertical distance of 10 ft. 2 in. to the level of the 
floor at the-top end. The pumps which were used in this 
pit prior to the late catastrophe were one ordinary 6 in. force 
pump for raising the water out of the lower workings into 
the upper level, whence it runs alongside the roadway 720 
yards to the samp at the bottom of shaft, and from thence is 
again raised by an ancient beam double pump, which is 
worked by a breast water-wheel 28 ft. diameter and 4 ft. 
6 —— — _ buckets. 

e wa roke into the pit from Cymmer workin 
through Oatridge’s heading, on the evening of the 11th of 
April, 1877. ‘The same night, very soon after the accident, 
several managers from neighbouring collieries, as also Mr. 
Galloway, deputy inspector of mines for the district, were 
on the yn and re  — ~y = to the best 
means ituting search for the poor fellows who were 
known to be in the pit. ae 

Finally, two additional pumps were boxrowed from adja- 
cent pits and put to work, raising from the lower levels 
into the upper, as it was then thought that the large double 
pump in the shaft would be able to take off all the water so 
As an auxiliary (if it should be required) a large special 
pump was taken up from Cardiff on the 13th tobe used at 
the option of the ; and the Taff Vale Railway 

mpany lent a locomotive engine, which was fitted for 
sup i (when at the bottom of the shaft) with 
steam. terations in the locomotive were made under 


the writer’s instructions, and consisted simaly of 
out the bent steam pipe in the smokebox (w connects 
the steam chest with the boiler) and ot on in place a 
strong flange, into which was screwed a 2} in. iron pre- 
pared tube, the end screwed with gas thread and coupled the 
same as ordinary gas piping. 

The locomotive was at once placed in one of the nearest 


sidings to the pit’s mouth, but was not considered requisite | 1 


until the 18th, when more urgent aid was called for. The 
steam pipe was at once carried down the shaft, its total 
length being 130 yards. The end was allowed to pass the 
pump by about one foot, terminating in a small dratncock to 
carry off the condensed steam ; and the steam was taken 
at a branch about one foot higher, which prevented any 
trouble from condensate, It = apes $a means =i 
pressure gauges upon the locomotive and the pump - 
chest, that 8 lb. per square inch was lost in transit, the 
steam being supplied at 110 lb. per square inch, and 
at 102 lb. 

The above-named were the only pumps used at Tyne- 


wydd Pit ; but. at Cymmer Pit a temporary arrangement 
was made for lifting out water by means of a tub, 
which was used continuously until the water been 


drawn below the level: of that pit, Cymmer not being so 
deep as Tynewydd. 

During the first night of the inundation, search was 
being made for the missing men; and after some hours’ 
inasting, the explorers were answered by similar knockings 
from Morgan Morgan’s stall. Instantly men were started 
to cut through the pillar of coal which aqreaes them from 
those they sought to release. They mly about eight 
yards between them, and the prisoners were at once heard 
also working to meet them. After heroic labour, four 
men were safely brought out; but the other poor fellow 
(through ignorance of the action which compressed. air 
would have when an outlet was given’ to it) persistent 

imself in the hole, and as soon as the pick struc 
ugh, the air forced him into the opening and killed 
him instantaneously. 

Upon going into this stall after the men had been taken 
out, the rescuers realised the fact that other men were 
yet — ce ype hog es -* ip ats —_ 
ings which were submerged. Owing e e 
water, nothing could then be done, as it covered the face, 
of the coal, Divers were then sent for, who used their 
best efforts to communicate with the entombed men, but 
in vain. Pamping was therefore the only resort until the 
coal could be got at, and it was continued henceforth with 
the ——— ra energy until the 16th, when the men 
were enabled to commence their final cutting in Glynog 

i n beginning the work the men were s i 
in 19 in. of water, and they were obliged to cut the top 
coal only at first, so as to leave a barrier until the water 
was further reduced. This was most laborious work, for 
all the cut coal had to be lifted over the barrier; but on 
the evening of the following day the water had so far 
lessened that they were able to cut the barrier away, after 
which they worked heartily and made rapid pi 

There were, however, forty yards of coal yet intervening 
between them and their imprisoned com , and it was 
feared that starvation would have done its work before 
they were reached. The writer, ‘ore, designed an 
apparatus for the purpose of boring throngh to com- 
municate with the prisoners and to convey food to them, 
and he calculated being able to reach them in about four 
hours, while the heading would take fully as many days to 
drive through. 

This boring bar was a strong iron tube, the ing end 
being cut into the form of a crown escapement wheel, the 
teeth being set alternately in and out, to give the neces- 
sary clearance to the bar. The outer end was fitted with 
two stop-cocks, with a pressure gauge between the two, for 
ascertaining the pressure of air in the submerged stall, 
oe ee checking the ae taken b; ~ a ors. oe 

e ~~ y was not permi wor! wever un 
the day before the rescue, as it was preferred first to 
advance the heading until there was only two or three 
yards to bore through, when the tube was driven through. 

When the workers had cut through the coal to within 
about four yards of the stall which held the men, it was 
suggested to put up three pairs of doors in this heading 
for the purpose of stopping the escape of the compressed air, 
and to work as follows: one pair were to be fixed close to 
the face before breaking through to the men, tbe next pair 
to be fixed at the estimated water level in the pit, and the 
third pair 7 ft. above that level. The volunteer band of 
rescuers were to go inside the last-named doors, which 
were then to be securely fastened behind them. They 
were then to break through to the meee and bring 
them up to these doors. This done, the two other pairs of 
doors were to have been securely fastened, and the air 
allowed to escape from between the two outer pairs, and so 
enable the men to come out with perfect safety. This 
arrangement was however doomed to failure. The two 
outer pairs were fixed, and at the writer’s suggestion the 
outermost pair was tested by pumping up the s 
between them and the face with an air pump, which he 
had conveyed for this purpose. Unfortunately more 
than 141b. per square inch pressure could not be got, as 
the doors leaked. Prior to this, the tube apparatus had 
been driven — into the stall, and the pressure gauge 
attached to it showed 5lb. per square inch existing 
inside. The idea had been to pump up the space between 
the dcors and the face to the same pressure, and so 
prevent the pay of a recurrence of the fatal accident 
which occurred in releasing the other men ; but as thedoors 
proved defective, the air pumps were kept going as hard 


as ible supplying the space, and so 
i worn tee le pressure. : 
he first men who entered these doors 
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worked so hard, found by-and-b that inflammable 
was collecting round them, and had to 


escape from 


taking | turn, 


used | will ap 


and the same process of active air-pumping was 
kept up; but be we ve es out Rw: — riagg 
Many hours of continued water-p , however, by 
this time reduced the water to within. 15 in. above the 
floor of the top end of the entombed staff ; so that, as it 
was found there would be fully 4ft. clear above water 
peg dng the imprisoned men to jive in is | decided to 
remaining comp: air (w been gra- 
dually reduced in pressure to Ab Ib. pe in. by hare tes 
to escape through the boring- ) be released 
her, and then cut through without the doors. 
is was done on erg, Baas 20th April, when the men 
were brought out, after the expenditure of immense 
and, 58 is seen upon calm reflection, much misdirec 
exertion. 
The boring apparatus, with the food carriages which 
were Peary Hs it, is shown on the —~ and 
a very crude affair; but it must be remem- 
bered that it was schemed, made, and ready for work 
within twenty-four hours. T T are the frames of an old 
crab winch, is the pinion through which the boring 
babe patna and acts as the spindle, being locked to W by 
a -round taper key. V is the driving wheel, which is 
allowed to slide on its shaft D, which has.a long key seat, 
the key being secured in the wheel; upon the end of the 
shaft D the handle for driving is fixed. BR is a centre 
nipple, which slips into the outer end of the boring bar, 
soune t — CF og) anes acts to keep age up to = 
work. are the two qr . apart so as 
allow the food carriage to Senet ea beterees Bae After 
thecarriage was put in, the onter cock was shut and the 
inner one opened, and as the tube had a downward incli- 
i the stall of 1 in 10, so soon as the inner 
cock was opened the food carriage ran through. The 
pressure gauge as shown was attached between these two 


cocks. 

The cutter end of the boring bar was made of best 
wrought-iron pipe ; and after the teeth were cut and set, 
they were Gaie handonad with prussiate of potash and sal- 
ammoniac. From experiments which have since been 
made it is found that this apparatus can bore coal at the 
rate of 60 ft. per hour. One of the food carriages used at 
Tynewydd is shown upon the table ; also the tubular drill 
that was employed. The air doors were each 2 ft. 9in. by 
1 ft. 8 in.; two being in each frame. 

Tangyes) witha 0in wate plonger ¥ and capable of hfting 
‘angye’s), with a 10in. water , and capable of lifti 
TOOT walla r hour, but ft did not work wee G as 
those in the shaft could not take the water off so fast ; 
and a second special pump in addition to this, with 6 in.: 
water cylinder, to raise 7000 gallons per hour. Nelrdem | 

in the shaft was the old beam pump, having two 

each 12 in. in diameter, with 8 ft. stroke, and making five 
strokes in each barrel minute, which, taking the bucket 
as two-thirds full, would raise 5890 gallons per hour. This 
pump worked from the time of inundation to the day of 
cheering, 456 hours, making a total of 2,686,000 gallons 
raised by it. In the shaft was another special pump, ca- 
a of lifting 13,000 gallons per hour, and it worked for 

0 hours, raising a total of 3,770,000 gallons. 

From the foregoing it will be seen that 6,456,000 gallons 
of water were raised at wydd Pit; in addition to 
which, the tub in Cymmer Pit was worked for 108 hours at 
80 runs per hour, a further 96 hours at 20 runs 
per hour, and each time brought up nearly 234 gallons 
which will make a total of water raised at Cramer ual 
to 1,203,900 gallons; thus giving the general total of 
water raised out of these inun workings as 7,659,900 
ees cent to 34,196 tons, raised from an average depth 
0 ; 





THE SEVERN TUNNEL. 
On the Mechanical Appliances used in the Construction 
of the Heading wnder the Severn, for the Severn Tunnel 


ai * 
By Mr. Jonn J. Gzacu, of New Passage, near Bristol. 
‘HE object of this paper is to record the results attained 
in actual every-day work by the machinery used at the 
Severn Tunnel without entering into any comparison 
of different classes of rock drills. Simpli in all 
cases been aimed at in the machinery employed, so 
ad ordinary labourers could work the machines with very 

The subject has been arranged under the following heads : 

Soundings by machine. 

Da ne She heodiing hand, by the McK 

rivi e i F cKean machine, 
and by the writer’s inhie. . 
Details of the rock-drilling machine in use. 
ils of rock-drill carriage. 

Details of air pump and method of cooling. 

Details of pumping machinery. 

Soundings.—These were taken by the aid of tae machine 
shown on the table. It consists of a light drum, round 
which the brass sounding wire was coiled ; a worm on the 
same shaft gea into a worm-wheel, and an adjustable 
index-hand and plate. The lead used was 121b. weight. 
This machine enabled two soundings per minute to be taken 
in 60 ft. of water. The plan followed was to sound on 
ange if = north and south of the parliamentary centre 
sine, at intervals of 30 ft. apart. After about twenty of 


ese lines had been sounded and plotted, line was 
decided on as the centre line of the tunnel ; and 

soundings were again more numerous than before, and 

— that two would of 

on the same spot, although taken at different times. The 
mac shown was (es and made for the p ; 
beam. Owing tothe current, the soundings were only taken 
about half an hour before and after high and low on Po 








and 
fae damyor.. Afive 0 ahbel'titeg'a sveeha détnchenedh took 


, a 
‘along this 
80 well did these soundings 
and was used in a rew boat about 20 ft. long and 64 ft. 
* Paper read before the Institution of Mechanical 
neers at Bristol. ria 
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front limb vertical ; and through the head of it a stro 
screw works, 2} in. in diameter, so as to j the stan 
firmly on its ing screws, which are first run down on 
the rails to relieve wheels and axles. The vertical face 
of the A frame is planed, and has a section of 2in. by 6in. ; 
and on it is a clamp, which holds the tube carrying the rock 
drill. This clamp clips the vertical face of the —— 
and also the crossbar, and by slacking the back nuts the 
clamp and cross-bar can be raised or lowered; and the 
front nuts similarly hold the cross tube. Only two rock- 

machines are worked on this bar at once, although 
four could be worked with two clamps and bars ; but the 
writer does not think any gras increase of speed would 
result from four being » a3 two machines now bore 
twenty holes in one hour and seven minutes, and if four 
were used it would take nearly as long, owing to the 
———- place of 6ft. 6in. square in which the men have 

work. 

On the rear leg of the A frame are air and water dis- 
tributors, one on each side, to which are connected the air 
and water pipes by hose and couplings ; and they are pro- 
vided with outlet cocks, one for air to each machine, and 
one for water to each hole. The air is brought forward by 
2in. wrought-iron pipes screwed together, and the water 
by lj in. and lin. pipes. The air pressure is 60lb. per 
square inch, and the water has a head now of 180ft. A 

werful jet of water, playing in the hole as it is bored, is 

‘ound of the greatest service, especially in upward holes. 
The water is spurted into the boreholes through nozzles 
in. in diameter. 

db yop or see, i RA the a was 
pumped in ¢ receiver by a pair of in single-acting 

linders, 12 in. by 15 in. a trunk closed with a valve on 
the upper end worked in each cylinder, driven by connect- 
ing from two opposite cranks on one shaft, on which 
a pulley 5 ft. in diameter and a flywheel were fixed. The 
pe was counterbalanced, but it was soon found that the 

lt although 8in. broad and double, would not stand the 
work ; consequently a vertical engine, with 9} in. by 18in. 
—. was cou) iel.cn at right — to the cranks of 
the air pump. This worked fairl , but the delivery 
and also the inlet valve gave much trouble by breaking. 

Another air pump ont e ine were then considered re- 
quisite to avoid any delays, keeping the old one as a stand- 
by ; and the present air pump was desi for the purpose 
by the writer, as shown in the diagrams. It was made in- 
tentionally r than the present requirements, and now 
supplies a when driven at a slow speed. The air 
and steam cylinders are each 13in. by 18 in., mounted 
vertical on two similar standards, and coupled to the crank- 
shaft at right angles to each other. They are so made 
that, if anything goes wrong with the valves at either end 
of the air cylinder, the defective cover and valves can be 
taken off, and the cylinder worked single acting. There 
are two inlet openings for air, which is intended to be 
forced into the cylinder by a fan, so as always to charge it 
fully for each stroke ; also two outlets coupled to a 4in. 
pipe leading to the air receiver. 

his receiver is 28 ft. long and 5 ft. in diameter, formerly 

an egg-ended boiler ; it is usually kept nearly half full of 
water to cool the air during compression in the cylinder, as 
afterwards explained. The receiver is fitted with water 
gauge, pressure gauge, and safety valves; and a 2 in. 
ipe is coupled to it, leading down the shaft and to the 
ace of the heading. The inlet and outlet valves are of 
brass, arranged in each cover so as to give the least clear- 
ance. They have been found to work well, not cutting or 
otherwise getting out of order; their weight is balanced by 


springs. 
The air cylinder is jacketted for water to keep it cool; 
but the jets of water that are injected keep the cylinder, 
&c., cool enough without the use of the jacket. At each 
end of the cylinder a small ball-clack is screwed into the 
casting ; and these clacks are cou to the lower part of 
the air receiver by a copper pipe, } in. bore. These small 
ks are so when the pressure in the air 
receiver is greater t that in the cylinder a jet of water 
is injected, and thus the air is -— sufficiently cool. The 
air and water are carried on er to the air receiver, 
where the air parts with nearly all its water. The re- 
D ti Oft. of ceiver is filled half way up every week, and this quantity 
of this depth of work the drill is still sharp enough to bore | of water does not lower more than 6 in. during the six 
20 ft. further, but in this rock it is reduced in diameter | days’ work, the water being continually circulated, heated, 
again | and cooled, a the air cylinder and receiver. 

Pumping Machinery.—At first a Tangye special pump 
was used; but this soon got omaeeeel worn out, 
and the grit from the rock cut the pistons and cylinders so 
badly that it could not do the work — Quick 
running pumps of that class are not suitable for sinking ; 
and the writer thinks for this purpose nothing is better, 
when the quantity of water is not large, than a plain bucket 
pump driven off a spur-wheel. The pump by which the 
shaft was sunk is 15 in. in diameter with 7 ft. stroke, and is 





The cylinder has no loose covers or split glands, which in 
some machines have proved a source of great trouble and 
expense. The piston and piston rod are made in one piece 
of steel. The piston has two rings of steel, and the rear 
end of the rod, 1} in. in diameter, is cut with spiral grooves, 
making one complete turn in 32 in. ; this fits into a long 
cylindrical nut, on the centre of which is formed solid a 
ratchet-wheel 34 in. in diameter, having 28 teeth. Into 
these teeth a pawl engages, to prevent the rotation of the 
drill and piston rod in more than one direction. When the 
piston is making its full stroke, the pawl slips over 
three teeth per stroke and holdsthem ; the rotation of the 
drill and piston rod is effected in the backward stroke, and 
the forward blow takes a straight direction. 

The front end ofsthe piston rod is 2} in. in diameter, and 
holds the drill in a conical socket, which is 14 in. in dia- 
meter in front, and coned to 1} in. at 4in. back. A key- 
way 1} in. by in. is cut through the cone, for the purpose 
of fester out the drill when a longer one is required. 
Over the end of the piston rod in which the coned hole is 
bored, a steel hoop fin. thick is shrunk, to prevent the 
coned end of the drill from bursting the end of the piston 
rod, and to give a certain amount of elastic clip. It is 
found that with this cone a drill never slips or sticks so fast 
that it cannot be readily driven out. No special precau- 
tions are necessary, except that as the coned end of the 
drill is entered into the end of the piston rod it is passed 
through the hand and so cleaned. No driving in of the 
drill is required; the drill is entered, held loosely by 
the hand in place, and the first stroke of the machine 
fastens it; no further precautions arenecessary. The drill 
is securely and truly held, and has never been known to fail 
in any — —- months of continual work. The end 
of the drill is turned to the same cone as the socket in the 
piston rod, but no grinding in or special fit is required. 

The valve gear consists of two pistons on one rod slidi 
in a cylinder ; the air is taken in een these pistons, a 
by their motion is alternately admitted to and let out of the 
ends of the drill cylinder. The ports are small, 1 in. long, 
# in. wide, oS. Se eas en 8. short of the 
cylinder ends to form a cushion. This protection is more 
than enough, and the piston never strikes the ends of the 
—. even if run full speed without any drill in the rod. 

he valve pistons have for packing C rings with a spiral 
spring behind, one in each piston ; the solid part of the 
piston is toward the port, so that there is no risk of the 
ring getting into the port. The valve is driven by a ball 
tappet on the piston rod, through a quadrant mounted on 
a pin, as shown in the drawings. 

he method of feeding the drill forward as it bores the 
hole is by a 14 in. feed-screw rotated by hand. The writer 
has tried automatic feed, and is convinced that in such a 
variable material as is the rock met with in heading, 
driving, and shaft sinking, hand feed is the simplest. On 
per automatic looks best ; but when machines come 
work, as they have to do, under varying conditions and 
hard usage, simplicity is of the greatest importance. It is 
found also in the work that if the man working the machine 
is encouraged he will soon learn to feed the drill forward 
exactly as the hole is bored. Comparisons of hand with 
automatic gear are often based on the work of a self-acting 
lathe or other shaping machine; but this is not, in the 
writer’s opinion, a fair comparison. In the one case the 
tool is acting on a material which is known and has been 
seen ; and in the other the working is in the dark to a great 
extent, owing to the presence in the rock of joints and 
backs and layers of soft material. The writer tried the 
automatic gear of the McKean drill in ironstone with thin 
joints of clay shale, and found it would not bore through 
this rock and shale at an oblique angle with the joints; 
emt y the same machines, by using the hand-feed gear, 
bored through both the ironstone clay shale. 

The machine bed is held to the clamp on the crossbar of 
the rock-drill carriage by clip-bolts and set-screws ; and 
the cross-bar is again clam to the vertical face of the 
rock-drill carriage, as shown in the drawing. The drills 
in use vary from 2 ft. 6in. to 6ft. 6 in. in length, worked in 
sets, so that the right and the left-hand machine would 
have to a certain t drills of equal lengths. Long and 


sharpening, drill through 10ft. of rock each. At the end 


Sinking of First Shaft.—As soon as the final cen 
for the tuunnel was fixed, the position of t 
marked out, and sinking was commenced by 
sand, sandstone, and marl, down to 45 ft. deep, at which 
depth the hand-pump, skips, &c., failed to keep the water 
under. As a tem measure one of Tangye’s speci 
pumps was put to work in the shaft, and 4 its aid the 
oe carried 25 ft. farther, when it got overpo 
A bu lift on the Cornish plan was then erected, which 
kept the water under at four strokes per minute. As the 
shaft went down, a pl r-lift was coupled on the same 

ine, working in a , into which the same bucket-lift 
the water. With the aid of these lifts the shaft was 
sunk to the required depth of 200 ft., having passed through 
top soil, sand, me, marl, conglomerate, pennant, 
cla, shales, coal shales, millstone grit, limestone boulders 
pm | clay, and into ironstone. When down to the preper 
a co another similar plunger pump was erected at the 
bottom of the shaft, the one with which the shaft had 
been sunk was also fixed at the bottom : so that there were 
two plunger lifts fixed for draining the heading. Two 
suitable cages were now erected in the shaft, with wood 
guides, and were provided with catching gear. These 
cages were suspended by § in. round steel wire ropes, both 
ropes a. on the same drum, but wound on in opposite 
directions. The drum was 6 ft. in diameter, was 
1 to 4 to a pair of horizontal engines with 10 in. by 
4 in. cylinders, fitted with ing gear and with two 
brakes, one on the drum direct aud the other on the crank- 
shaft of the engine. 

Driving the Heading.—As soon as the above work was 
finished, the driving of the ing was started by hand 
labour, and the progress that could be made was not more 
than 1 ft. ta 24 hours. The McKean rock drills were 
then put at work, and for the next month the poogpens 
averaged 2 ft. per 24hours. These machines worked from 
January, 1875, until the November following, when they 
were entirely worn out; the ave rate attained was 
6 ft. per 24 hours, In November, 1875, the author’s im- 

ved rock-drilling machines were put at work, and in 

iving rn my till the -_ of perry f y > 
average 8s in the same pennant roc risen to 8 ft. 
per 24hours. This has since been much exceeded, 20 
in 6 days, or at the rate of 10 ft. per day, has been driven 
in soli rock; and when the ground was more favour- 
able as much as 26 in the same time, or at the rate 
of 13 ft. perday. Not only has this been done, but the 
av speed in the same rock is now rather more than 9 ft. 
per 2 hours. 


Rock-Drilling Machine.—This rock drill differs from 
most rock-drilling machines in being made strong and 
heavy, and having a very efficient system of rotation and 
method of holding the drill. The latter feature is quite 
new as faras the writer is aware; its extreme simplicity, 
and the entire absence of any loose parts, must commend 
it to practical men, whilst its holding power is ample. It 
is also self-centering, which is very necessary with such 
men as work these drills, being merely ordinary labourers. 
This method of holding the drill has never been found to 
give A trouble, and the tool is also easily extracted. 

The following is an example of the time ay me in boring 
by this machine for blasting, the work bei one 4432 ft., 
or more than } mile from the bottom of the shaft, which 
is 200 ft. deep; a sample of the rock is exhibited, show- 
ing some parts of the holes bored. The rock-drill carriage 
was moved forward from a siding at 11.30 a.m., and taken 
to the face, coupled up and fixed; at 11.41 a.m. the ma- 
chines commenced boring, and in 1 hour 6 minutes 20 holes 
were finished, averaging 2 ft. deep each; the rock-drill 
carriage was then uncoupled and run back to the siding, 
and the holes were charged with dynamite ready for firing 
at 1 p.m.; total time occupied in boring and c i 
1 hour 19 minutes. This is an ordinary s , no means 
aang bas taken to obtain extra quick work. Two of the 
rock-drilling machines were used, one on each side of the 
carriage; and the left-hand machine was worked by a 
man whose experience of machine drilling only extended 
over twelve days. The following are the particulars 
of a few of the holes in the order in which they were bored 
on this occasion by this machine and man : 
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or a edge is sharpened in ‘orge To 

iol up when ot, so that the leading angle is a 4 

75 deg. The whole of the castings for these machines are 

of pl ae, S bed of wrought iron, and the 
of steel. 

Carriage.—The carriage for the machine was designed 
speciall ws for this —_ B. has done ae bane ts and is 
now eq new, ly wearing e corner 
supporting screws and the roof screw and bearing wheels. 
Soe ee Sas en SS ae of 2lin. as the 
trolleys, when not in use is run into the first 
passing place or turn-out. It is all in cast iron except the 
th = Roa emg base plate of the ee —~- 

@ writer's ings. e P of ti iage is 
4ft. Gin. long, 2ft. 6in. broad, and lin. thick, Sanged 
all round. The wheels are small, to keep them under 
base plate, and the carriage low down; and are 6in. in 
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" @ Including the time occupied in changing the drill. 

These six and the remaining four of the ten holes were all 


bored by two drills ; it is found as{a rule that four drills 
t down 40 ft. depth of hole, or each drill bores 10 ft. 
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with 60 lb. to 80 lb. steam. All the parts are massive, on 
the locomotive type, and it is fitted with ——— gear. 
The ordinary speed of the pump is 10 to 12 strokes per 
minute. ie wood main rods of the pumps are 11 in. 
square, and as the shaft went down the bucket-lift w: 

worked off one side of the rod, and the plunger-lift, 15 in. 
in diameter, off the other side. After the shaft was down, 




















ore wanting ing, which is done in the forge, no | diameter, of chilled cast iron. They rest on two heavy | this plunger was fitted to the lower end of the main rod, 

so indi ing .required. These holes are all steel rails, 8ft. long, held together by three cross stud- | thus doing away with the bucket-lift and all its wear and 

bo: cy > weewne, So pane rotating and | bolts and nuts, which are advanced as the heading pro-| tear, and worki irect. Another similar engine and 
her machines that | gresses ; end matching pieces of rail are inserted behind : 


mp were then put up as a duplicate, and to be ready to 
until there is length enough to insert an rail, Pel if required. These oe ee 
when the same process is again repeated. The heavy by bwo multitubular boilers, eee. eee 
framed steel rails are always kept in front as a foundation | assisted broad i 
for the carriage to rest on. 

On the base plate is firmly bolted an A frame, with the 


this 
the 
illing machine consists of a cylinder, with 


The rock 
piston and rod valve gear, mounted on a slide-bed. 
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is very economical, and works steadily in a very satisfac- 
tory manner. As at water ngs still on = —. <4 
80, to 100,000 ons per hour, another plunger-lift, 
15 in. in diameter, and with the same stroke, was added. 
With this extra load a steam pressure of 45 lb. per square 
inch was required, cutting off at about quarter stroke, and 
a vacuum of 26 in. to 28in. This engine has three Cornish 
boilers 5 ft. 6in. in diameter and 24 ft. long. 
A new shaft is now being sunk for permanent pumping 
oy ; and to do this quickly, across drift was driven 
rom the present heading, and a 10in. hole was bored 
down to it so as to unwater the ground. This new 
shaft is now down 150 ft. out of 200 ft. total; the sump 
was sunk out in the dry before the 10 in. borehole was 
down and the girders for carrying the pump work built in 
lace. The engine is a direct-acting one, with 50 in. cy- 
inder and 10 ft. stroke, and the pump is 26 in. in diameter 
and 10 ft. stroke, and is worked through wrought-iron 
main rods 5 in. in diameter. All the work in this pit is 
arranged for two such engines and pumps. The valves in 
this and the other two pumps are Harvey’s four-beat 
valves ; they work with the least lift, and shocks are 
avoided. The 50-in. engine has three boilers, 5 ft. 9 in. in 
diameter and 28 ft. long, with 3 ft. 6 in. flues, each with 
ten Galloway cross tubes; the working pressure will be 
50 Ib. per square inch. 





CIRCULAR SLIDE VALYES, 
On an Improved Form of Slide Valve for Steam and 
Hydraulic Engines.* 
By Mr. Francis W. Wess, of Crewe. 

For many years past attention has been directed to find- 
ing some means whereby the great wear and tear of the 
slide valves and port faces of engines might be lessened. 
This object the writer thinks he succeeded in effect- 
ing to a great extent by the valve to be described, which 
has been worked successfully for a year and ahalf. It was 
first trought out by the writer in 1869, but not being at 
that time connected with locomotive ineering he 
not then the opportunity of trying it. The valve differs 
from the slide valves in ordinary use in being made circular 
and free to revolve in its buckle; so that if the valve 
should have a tendency to seize in any one part of the 
sliding surface, which would put more friction on that par- 
ticular side, it will immediately begin to revolve, and so 
rectify itself by bringing different portions of the surfaces 
to bear. By this means the grooving actionis avoided that 
arises in ordinary slide valves from their unequal bearing, 
the sides of the valve having a continuous bearing that is 
never out of contact, whilst the ends of the ve travel 
across the open ports. The valve wears out of level in 
consequence, and leakage hesins almost from the time of 
neem and it increases until it becomes so bad as to necessi- 
tate refacing the valve and the port face, often a trouble- 
some and expensive process. This has been found a serious 
practical objection in ordinary slide valves, and different 
means have been tried for reducing it, such as plugging the 
valve face with white metal, or drilling open holes in the 
slide flange ; but these only partially meet the case. 

In this circular slide valve, by its rotation in the buckle, 
all parts of the face are e to bear alike, and any 
grooving action is effectually prevented the circum- 
stance that an inequality or increased friction.at any one 

rt causes the valve at once to shift its position by turn- 
ing round in the buckle. The result is that no grooving 
action ever takes place, and the valve retains a perfectly 
level polished face. 

This valve is shown by the diagrams as applied to a loco- 
motive engine with outside cylinders. The valve spindle 
is carried in the usual way with a bush and gland at one 
end, anda bush at the other ; it is supported, however, by 
a slipper, as it has also to carry the weight of the valve, 
the usual ledge for taking the weight off the ordinary rect- 
angular valve not being applicable in this case. The valve 
is turned true in the lathe on the face, steam and exhaust 
port edges, and also where the buckle fits, and this is left 
sufficiently slack when cold to be quite free when the brass 
valve is expanded by heat in the wrought-iron buckle. The 
outer curve of the port is struck with the same radius as the 
valve over the lap, and the inner curve of the port with the 
same radius as the exhaust cavity of the valve; so that the 
ports open simultaneously all the way round the valve, both 
for lead and exhaust. This of course can be varied by altering 
the curved shape of the port, if it is thought desirable to let 
the lead or exhaust open in the centre first so as to make it 
more gradual. The clearances at the top and bottom of the 
face are so arranged that, during the revolution of the 
valve in the buckle, every portion of the valve face will 
pass over them ; this also relieves the pressure on the valve 
to some extent without affecting its efficiency, and affords a 
ready means of getting the valve face fully lubricated. The 
pair of valves shown on the table have now run about 20,090 
miles, and they have been merely taken out to show thei 
condition, that it may be seen that the faces remain true, 
though they have not been faced up since first started. One 
of these valves is of cast iron, and its condition shows that 
with this form of valve {cast iron can be used for high- 
pressure engines. 

In connexion with this particular form of valve, the 
writer has also arranged a method of taking off the pres- 
sure by means of a back ring working against the 
chest cover, but this has not yet been put to work; and 
with the very 2 surface that can be maintained with 
this valve, it does not eugene fe be required, as a very 
small leakage through the packing-ring would soon 
overbalance any saving that may be ected. That 
method of relieving a rectangular valve was first tried 
many years ago by Mr. A. Allan, formerly the works 
manager at Crewe, in the engine “‘ Philaris’’ in 1844, and 


su “ge in the engine “‘ Velocipede,’’ which was 
built in = 7. a gs s es, copied from the 
—S wing, shows how the packing-ring was 
apr ied ; and in the opinion of the writer, if the valve- 
chest cover had been sufficiently strong to avoid warping 
under the pressure, it would have been quite successful. 
Another application of the ci 


writer has found extremely usefal, is in the hydraulic cap- | i 


stan engines, where the slide valves have proved a con- 
tinuous source of trouble through ing, as seen in the 
two samples shown on the table of the o: rectilinear 
valve out of an Armstrong capstan. But the sample ex- 
hibited of the circular valve shows how eompletely its re- 
volving action rectifies itself ; in fact, taking any number 
of valves from different engines, the surfaces are kept so 
true and ps that simply wetted, one will support the 
weight of another. It may be mentioned that the circular 
valves on the table had been working continuously night 
and day at Camden Station for eighteen months before 
they were taken out, under a pressure of 700 lb. per square 
inch, while the recta: r valves have only worked seven 
and ten months respectively. 2 

A farther application of the same principle of valve is in 
one of Brotherhood’s simple direct-acting three-cylinder 
capstans. This valve has been at work for some months at 
the North-Western Railway Works at Crewe, under a 

ressure of 350lb. per square inch. For this the writer 
205 gag an arrangement which has so far prove 
successful. It consists of a brass disc, grooved concentric 
on its face to receive three cast-iron pieces, in each of 
which a small circular brass valve is inserted ; the cast-iron 
pieces are used in order to get sufficient rubbing surface in 
the groove of the brass disc to avoid cutting. The brass 
disc is rotated by an eccentric pin, turned by the capstan 
crankshaft, on the opposite side to the one in which the 
valves are fixed. The port face has three radial recesses, 
in each of which are formed an inlet and outlet port; the 
valves are of the same diameter as the width of the recesses 
into which they are wag 4 and they have a reciprocating 
motion imparted to them by the eccentric movement of the 
brass disc. The inlet ports are made in a similar manner 
to those of the locomotive previously described; but the 
outlet port, for a single-acting valve like this, is made 
circular for the sake of simplicity. A set of these valves 
has just been taken out, and is shown on the table, that 
their condition may be seen after being at work a con- 
siderable time. 





RAILWAY GAUGE, 
Supplement to Notes on the a History of Railway 
auge, cting the Origin of the 4 ft. 84 in. Gauge.* 
mmunicated by the SECRETARY. 

Ar a former meeting of the Institution a paper on the 
‘* Karly History of Railway Gauge” was communicated by 
Mr. William Pole, F.R.S., and in the course of the dis- 
cussion upon the pa) it was stated that the original 
railway gauge, ins of being 4ft. 8iin., as at present 
existing, was 4ft. 8in., and that the Stockton and Dar- 
lington, which was the first public railway, was originally 
laid 4 ft. 8 in. gauge, and was afterwards altered to 4ft. 8} in. 
gauge, in ee oy of that having become the general 
railway gauge of the country. The result of subsequent 
inquiry that has been made upon this subject has been the 
confirmation of the above statement, and the addition of 
some further interesting information respecting the origi 
of the t 4ft. 8}in. gauge, which clears up a point 
not before unders , and corrects some errors in pre- 
viously published accounts. It is, therefore, thought de- 
sirable for this information to be recorded in the titu- 
tion Proceedings by means of the present supplement to 
the above paper. 

The Stockton and Darlington Railway, which was opened 
in 1825 (the fiftieth anniversary of its opening meving been 
recently celebrated), was made 4 ft. 8 in. ga inside the 
rails, and 5ft. gauge outside the rails, thane being 2in. in 
width, as shown in the full size drawing, Fig. 1. This 
drawing shows the original rails used upon the line, of 


wrought iron, rolled fish-bellied, with ela} jeinte, and 
wes > We wo; penal ion of the line was 
laid with cast-iron fish-bellied rails. A specimen of the 


original wrought-iron rails is upon the table, which has 
been kindly sent by Mr. John Anderson, of Middles' h. 
This gauge of 4 ft. 8 in. inside and an even 5 ft. outside the 
ee BD appears de 2 oy been at that Ry ny for a long 
pe previously the regular gauge for the colliery tram- 
ways worked by horses, that ~ the ge e of the chal- 
dron coal wagons in use; and when locomotive 
engines —— ae vonal pom aie | _ 
same 4 ft. 8 in. gauge. 6 0 engine opene 
Stockton and Darli m Railway, named ‘‘ Locomotion,”’ 
which was made by rge Stephenson, at Newcastle, and 
is now preserved at Darlington Station, was made 4 ft. 
8in. gauge, and remains so at the present time, the gauge 
between the wheel tyres being 4 ft. 5in.; the tyres are 
cast solid with the wheels. 

The following information respecting the Stockton and 
Darlington gauge has been kind]; — Mr. Mac Nay, 
the secretary of that branch of the North- Railway. 
In the original Acts of 1821 and 1823, under which 
railway was made, there was not any gauge 8 ified, but 
in the subsequent Act of 1828 (three years opening) 
for extending the line from Stockton to Middlesbrough, it 
was provided “‘ that the distance between the inside 
of the rails shall not be less than 4 ft. 8in., and the dis- 
tance between the outside edges of the rails 
more than 5 ft.1in.” This is the earliest case ~ 4 


circular valve, which the | 4 ft 





.* Paper read before the Institution of Mechanical En- 
gineers at . 








* Paper read before the Institution of Mechanical En- 
gineers at Bristol. 


when the gauge was altered for the purpose of remo 
the obstruction then experienced in the interchange 
traffic, by allowing any wagons of other railways to run 
i ee ee ae 
wagons that had i could be taken on the line. 
The Stockton and m was however only altered to 
in. gauge at that time; the reason for not making 
in. being that most of the wagons em- 
ployed on the line were the old chaldron wagons, which 
were slack to the 4 ft. 8in. gauge, or had excessive side 
play, and the line being at that time laid mostly with stone 
locks, having no tie between the rails, was liable in bad 


weather to get wide in ety The subsequent alteration . 


to the present full 4 in. ga was carriel out 
prose Gy an ge ore te relaying of ms 
ve opportunity, an ion was 
facilitated by the ci of the rails being ae 
blocks and not tied together by transverse sleepers, as in 
the later construction of ent way. 

Information has been ¢ supplied by Mr. Carson, of 
the North-Eastern Railway, m, respecting the 
Clarence Railway in the same neighbourhood (opened in 
1838 for posvenger athe 7 Sees and worked 
pony orses @ gauge was originall. 

ft. 8in., end thisens altered to 4 ft. 8} in. about 1842, 
and the gauge was eaienquentg Sane 4 ft. 8} in 


In reference to the of the early colliery lines re- 
ved vious to the making of the Stookton and Darlington Hail- 


way, the following information has been ~—— by Mr. 
Outhbert Berkley, of Gateshead, manager of the Marley 
Hill and Springwell Collieries, Newcastle. The Spring- 
well Colliery Railway, one of the oldest in England, was 
laid to 4 ft. 8 in. gauge, and this was only altered about 
1854, when the Springwell line was connected to the Marley 
Hill other collieries, which were already in connexion 
with the North-Eastern Railway. The difference of the 
was then found out b; —— the North-Eastern 
ilway wagons over the Spri line; the wagons 
would run, but the gauge was found tight, and the 
eo ge ga were eonsemsnatly tered from 
ft. 8 in. to 4 ft. 8 in. and the new wagons afterwards 
put on the line were made for the 4 ft. 8} in. gauge. 
The Liverpool and Manchester Railway, which was the 


second public railway, was opened in 1830, five years after 


the Stockton and Darli m, and the conclusion drawn 
from the information received is that it was commenced at 
the Manchester end on the same ga of 4 ft. 8 in., being 
laid by  pelorese taken from the Stockton and Darling- 
ton, and using their old ga . In reference to this the 
following information has received from Sir John 
Coode: ‘It was stated to So pareneny Wy Mr. Geo: 
Stephenson,; that when the platelayers went from t 
Stockton and Darlington to the Liverpool and Manchester 
line they took their gauges with them as parts of their 
stock o ee and So = sg used pe a a sa 
course in e e engine 

‘* Rocket,” that first ran upon the Liverpool and Man- 
chester line at the competition in 1829, for determinin 
whether locomotive or stationary engines were to be adop' 
for the working, was made 4 ft. 8 in. gauge, as shown by 
evidence preserved at Messrs. Robert Stephenson and Co.’s 
factory, Newcastle. During the progress of the line, how- 
ever, the gauge was settled to be 4ft.8}in. The follow- 
ing information on this subject has been supplied by Mr. 
Thomas L. Gooch, of Saltwell, Ga » who was en- 


rigit | gaged in the construction of the Li l end of the Liver- 


pooland Manchester Railway . George Stephen- 
son. ‘‘ There was much discussion during the pasties om 
of the pak wee one “pe the me 9 value of the 
conical in relieving the pressure flange against 
the wee Soe See aaa need of a certain amount of 
play in the gauges of wheels and rails; especially as con- 
siderably higher speed was contemplated (even before the 
‘Rocket’ was produced) than that on the Stockton and 
Darlington way. venture to think therefore that 


the extra }in. was given to meet these considerations, 


and that this was the true origin of the 4 ft. 8} in. gauge. 

The conical anne bone dist anol ont C) 
Liverpool and chester Railway, the previous tyres 
having been all cylindrical; and as an increased play be- 
tween the rails would peng 4 be required in order‘to 
give effect to the conical tyre, the most likely conclusion 
appears to be that the extra ¢ in. was then added to the 
gauge for that purpose, thus increasing the original 

ft. 8 in. to the present 4 ft. 84 in. gange. 

The same gauge'as the Liverpoo! Manchester Rail- 
mn 4ft. 8tin., had to be used for the Grand Junction 
and the London and Birmingham Railways, forming the 
through communication which was opened eight years 
later, in 1838, from the Liverpool and ter line to 
London ; and 4ft. 8tin. became consequently established 
standard dimension for the gauge. 

railways, as in the following 
list, the original gauge was increased 4 in. more to 4 ft. 9in. ; 
but these were subsequently al , and 4ft. 8hin. has 


been since adhered to as the standard gauge. 
Rartway Gauees. Original. Present. 
Stockton and Darlington, opened 1825 Co sa 
an n, 0} 
Li landManchester, ,, 1890 4 8 4 8 
Guont Jendtion, » 1888 4 8 4 
London and ham, ,, 18388 4 4 8 
ieee : ett 44 
an ”” 
Chester and Crewe, » 13049 4 
ManchesterandBirmingham ,, 184 49 4 8 
Manchester and Leeds » 124 49 48 








Sream Powszer IN ae is computed on France 
now possesses steam an ‘orce of 
1,500,000 horse power. This is equal to the effective labour 





of 31,000,000 men, or about ten times the industrial popu- 
lation of the country. 
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. £ & 
ANTIMONY Oa8 (per ton)— - o mm 10 
Regulus nw 2 © oe © 
sa 6 4 
° © o 104 
a o 7 08 6 
* CASTINGS, TYNE AND OLEVELAND 
ok ton)— 2 4. Zz 4 
GATAOTS cecccorsssccsessssvseres 8 §  O 6 © 
Chairs es 4 5 
PIUPO® sccssccsccccrceesescesserss 8 § 10 6 63 
OopPEr zt 
Gail 9 ccoreesseceecsivson 68 1§ 69 © 
tradi 6: & 9 
Rnglish tough, best........: 14 10 7.0 
92 EOE ccroroorrreee 89 © re 
BOCs, BC. icsrcveeseereeree BX OO 82 0 
Bot 8 o 8 o 
[Ron \o— ton)— s. 4. s. 4, 
Red b omatite, British 1m «(6 12 6 

” ” puddling 16 o 83 «6 

1Ron Pie (per ton)— 
Barrow NO, 1 ccsscocsereoree 68 0 67 © 
- vw NOD ase 6 64 0 
No. o &% (© 
Cleveland No. i... 6 4 «0 
” ° oo 698 
po o © © 
” 6 De 
Other qualities ........0006 o 688 (Ce 
° 8 © 
o ° 78 +o 
Pig— v7 No. & 
. 8. « 
G.m.b., = bee eneeee o g2 6 
6 $$ 8 
Coltn o $55 0 
6 gy 6 
Langloan 6 gs © 
Oarnbroe ° §3 0 
Monklan 6 g2 © 
Clyde... $3 © 
Govan, ry Broomiclaw... nee G6 8 s2 6 
Calder, at Port Dundas... 6: 6 $3 (6 
Glengarnook, at Ar- 
d to oo $4 66 
Eglinton, itto srecsesorve §§ 6 ga 6 
AittO..00 $5 6 3 0 
Carron, at Grangemouth 65 o 4 0 
Ditto, uy selected jo o a 
Shotts, a tn ee eocvevcceee | : $6 © 
at osceece 2 6 
(The above all ye all dalivorable alongside). 
s. 4&4 s. 4, 
—— sreresesereseens FO @ 80 © 
Staffordshire .,,.., ” ° °° 
South costes ° 2 0 
Yorkshire Thornaby pig. 60 © 65 © 
Ridsdale Nos,land?,,, 909 © 100 © 
laon, WRoUGHT— & 8. 2 «6. 
Cleveland ANG 1O8 nseernoos 6 § 6 8 
* sae tens cee «6§ 17 6 6° 
” 7 oe 
a eS plates... bee H ° 8 10 
n sasseecereses § § 10 $ 1 
e shiny ——. a | 6 15 
o sh eoccccescee H 1s 8 oe 
Bootch bars ........00 15 H ° 
oy, BALL TOMS... .serceeee i 10 0 
Staffordshire coevee cee 10 ¢060C° 
e one «8 OO 9 1 
wo © # 
8 10 10 © 
‘ 1g 6 10 
° 6 
2 1o0)60COU atk le 
co) 9 15 
ee ee ee | 
ao: -@ 8 
19 1§ 20 © 
22 0 23 10 
PsosrHoRr BRonzE— 

(POT CWE.) cesevreserenerernes § 22 7 © 
QUICKSILVER (per bottle) 9 $ °° 
BcRAP ton) — 

Old ralis for re-manu- 

t 4. $e 

SPSLTER (per ton)— 
Silesian, ordinary «0.5. 19 %§ %19 10 
Spine ELEISEY (per ton,— 
Best. ° 6 10 
COMMION sessssscerecreeversee § © § tt 
STEEL (per ton)— 
Bost seeccecsettteceseeeee $4 © eo h€U 
» double seoscseee 4§  @ t ° 
single eccccce $8 © §0 © 
Ragiish spring ecccccnese 16 © 88 © 
200 soscecsereccesesese = O00 oO 0° ° 
Millen a ae 
Bessemer rails ...ccccene 7 © 7 
a CYTOS...ccrgsereese 10 © 18 @ 
” ouasee 88 6 © 6 
n DILLOtS ,., ccoreeeee q 5 8 s 
ve EORS ... ssreveeee 10 7 10° 
Stes. Castines (per cwt)— 
Hydraulic cylinders in 
the rough not to ex- 
coed 6 ft, im length, s. d. s. 4, 
teed 2% 0 68 lo 
Do. do. finished . go Oo 34 © 
Pinions and cog “wheels | a) 2 Clo 
Hammer tups, faces, 
a 5 cwt. and 
cagmpenenecenqocooceses 2s 0 4 0 
wee we for rivetting 
— french M tod 
OW rcrcrcssecssecesssescesseees 9§ ° 
























































STERL CASTINGS—Continued.s. da. 8. 
Side cra cross 

crane wheels, engine 

slides, &c. . 4 «CO 3° 
Tambler bars and other 

castings for outs 

PUTPOSOS ,, .rerrereeseeee 20 «0 26 

Swepise [non (F.o.b.) at 
ttenburg — 2 8. £ 
PIS ssoceosccccececeonoerponee § © $ 
~, ‘olled. senvescagesscseevese IZ O  } 
1% oe F 
Tw ton)— 

1% (ost oan ) 66 10 66 
Billiton 68 o 69 
Banca... 9 @ 08 
English coersecoeneners FO 30 93 

BH DATS.rc..cssereerevees 75 © 7 
eeeRee eee ree eet ° 
Auatralian pe i ° is 
bis am (per box) -- . ad 8 
O,CHArCOal aiccesrsessorse 22 O 32 
ix ” seeccecsescesceccevee “39 = 3e 
LO. coke .,.. 19 © 20 
LE. <iq . centecccerecsecsemes, 84. © 98 
Zino (per ton)— £8 & 
Shoots, English ...0-0 23 § 33 
WIBB, Fencing ...+00000+0+ 10 15 14 
» Telegraph ‘(gaivan’ 3d) 16 10 «649 
COALS AND COKE. 
OCOALs (per ton)— 8 4 8. 
Ba@rrow cssccsscorsesseressereses TO © 13 
Bristol sccccoscsssecerssersorse 9 8 10 
Derbyshire wrrcscccedcree 8 @ 10 
La hire ,., 8 @ 11 
NewcastleandDurham.., 8 o 12 
Scotch ° 11 
Staffordshire ........0000 i °o 
Welsh .... ° I 
Yorksbire,, H ° 10 
OokE— 
Ole VElANA cecrserevccersseveree 9 6 11 
Durh 20 (C8 23 
OILS, GREASE, & a BRICATORS 
OILs (per tun)... a 
Seal, brown ., = o 3 

” cence: 33 °° 34 

gyarm head cocccgcescsocecnse 83° @ G0 

DAIC, POlC..e..c.c0cceseeree 35 10 $6 

1p YOMOW sesscersereeree $9 32 

19 DEOWD ssssseceseseees 10 = go 

GLUE ..c.corseccccsercescscrecceree $0 8 80 

PaTaoLsuM— 5. d. 8. 

Fine (per gallon) corcsre 98 10K 0 

ve BPITHE......cccccerssrsers 9 98 ° 

PITcH r owt: - 

British .. egeee eth coe S © 8 

, 12 0 13 
Puomaaco (per cwt.)— 

Coylon LUMP aicseersrvrere 16 9 18 

» chips 9 © 132 

» dust 8 $ 9 

Rattwar @ 
cwt.)—Rose's 23 (Ce °° 
Resin r cwt.)— 
po od seeseecesesereecences 5 3 $s 
TALLOW (per cwt.) 
N. AMECTICAD sccccresessoree 49 8 41 
8. American 3 44 
’ 43 
Australian beef ..... oa 
6 43 
st. Fotorsbare, £6 9 4 
e 6.49 
Rough, ° 1g 
Tan—Stockholm (per bark, m= 6... 
a1 0 © 
TURPENTINE rit— 
American ( Dcceccce 96. 6 9% 
WIPINGS, ODZINC sessercscsee 08 © 88 
CHEMICALS, &e, 
Acips— s 4, 8. 
A a a | ° 
phuric wm on Pe nad, Ib) © ° 
Sulphuric acid, brown... © ° 
Ammonia — Muriate (er £ 8, & 
ROT) ccccocccccercnccecse secccvee SBS 84 
lump (per ewt.) a5 
White, lum: os ° 
Powdered (per p a 9 6 10 
BLEACHING vot 6 66 6 
Bosak (percwt.) 40 o “3 
BRIMSTONE (per ton)— 2s 
Ro cenmnsltiniemnitgs 4: ° 
FIOUL sescccsseseeseeseeseeveneee AL 1S 13 
Roll 9 10 9 
OopPERAS — green (per 
Se Ty 
Copptr — Sulphate (per 
wrccecenstcesteccsscescn 83 O 24 
LEAD, Sab Ts, &C., (per cwt.)— 
Acetate, best 3? © 33 
Brown 33 Oo) ag 
Red... 23 «© 35 
White 28 ho 28 
LITHARGE (per c 3 8 3 
PorasH—Bichromate (per 
TB.) ccccceccecsee ere a | 
SALTPETRE (per ton.) 
English refined, ~« 2% 0 28 
Bombday.......+0.+ - 08 @ 0° 
33. 9 24 
12 6 13 
” eoccecseccssccecce «=f EY 4 











oc te 
So OF coeooPucoceon 


e090 ans oan 


os oe ~ 
Cew on SAB ouocoso 


eacoooo0osa oa 


SootonocoPos gunn c-s 


a. eacoe 
2 aco ° 


(Per Petersburg ms % 
Archangel 








Me RAD, &e. 


ee se 38 


wp  ceecee’ B4 

Foterebarg eocccsasecconcerse BE 

ove. + sevccgesseseee BS 

Petersburg Biga white 10 
Christiana deals, bes 


t 
sorta, yell. and white... 
— deals, — : 
Neren dations, all so 6 
oreay tai eee at 
ira sesesree 13 
ym deals, inferior 
BB OU oo cccpegsc0.cocesses 30 
(Battens 40s. less 
deals) 
Finland deals .....ecccccorvs 12 
battens .....0080 10 
” H. 8.deals ... 8 
” H. 8.battens... 7 


13 


AMERICAN DEALS— 


Quebec lst aries pine... 16 


©0200 o cooeo# 


10 
10 

O° 
19 


© cceooe 


2nd, and ” ard, respec tively. 








on ol - 

eS FAeass” 

ot - = 

eo “e600 
© ©0080 ee es0ce 


~ 
= 
“ 
coo 


1g 0° 


12 10 


Oanadian spruce, Ist...... 10 0 0 12 © 
e - 2nd... 810 © 9 O 
Srd we 7 § 9 8 
New Brunswick spruce. «a 8 © © 810 
Ditto battens . eocccee 710 0 8 0 
N. 8. & P. E, Isle spruce 7100 8 © 
U.S. pitch pine .......00 12 10 © 1g 10 
Angee TIMBER— ar eed load) 
ine ar 
Moulding japetanaees $30) @ gi @ 
and spars 410 © 5 © 
$00 g10 
4°e° 0 5 0° 
$15 ° 490 
FY ohU° 5 1§ 
100 4710 
$00 Fed 
410 © ° 
Birch, Quebec large ‘. > é Pt 
Masts, red pine ..,......... > e ° gs 0 
e Oregon vneeenen 7%? o 810 
eoreeveeceeces oo 0 0 
Inlian teak OK snoncsrenrs en 11 0 © 12 © 
OEE cccececceccereesaset 8eeo0 90 
Australianironbark ,,.... 6 0 0 710 
BALTIo TIMBER (per load) 
seaceesssessrsesecrenses § 10 0 § § 
Dantzicand Memelecrown 4 © o § 10 
» ist ssevse § 10.0 410 
" good, 
ONd Indiwwwe §$ § 0 4 0 
» common amid. 
AUN .orrsrcrrrerre 21S 0 § 0 
» Undersized ,..... Hee ° 30 
» Small, short, and 
veseeteserserserse 3 § 8 3 10 
Btettin ..rccccsrsrrsrvserseee 3 8 8 § 10 
8 seresssssssseerereens 210 0 3 
” 7) Hoes 250 31 
an 
a io 3 § 
Frocaune Boaape r 
of 1 in.)— oe * 
Hitt Fellow coveeresoowenn om 6 og 
sensetcsecseceseee O12 G9 OIG 
Sesond quate sesverceeees O10 © © 19 
The above prices “at the Docks.” 
LIVERPOOL. 
WHOLESALE Paices OF TIMBER, D: 
From BaitisH Norta amt ——— 
£a4 £58, 
©:1g5 os 
©3230 © 3 
o232 023 
er4e1 
org o18 
ess ¢% 
~ > o1r4 01 
ecccecesecocecese @ 3 ° 3 
Belen cp —_ cvccerecceneseccs © 3 3 e323 
Ash 19 _ *teeeccscecemeee O EF J O FE 
Whitewood .......... “on ©r9 e232 
— Canadian © 
nited States .......... ° 3 3 © ¢ 
Birch, Bt. Johe's, boi, or23 er 
. Scoin aaa | * * * 
ove 
Prince Edward Island © 1 3 © 1 
Masts, Quebec Ist yellow 
pine (calliper)...,...u«0 © 2 8 © g§ 
DEALS AND BATTENS 
arg standard). 
Quebec ye je 20 0 O BF O 
Quebec ergo 1460 © «15 (O 
4 910 © 10 § 
st. John, "Bangor, ree 
BPTUCE cacorcecsereerrersee 710 0 9 12 
Ditto, other aan 9 § ©. 9 20 
oe ae ee 750° 8S 
Boards, ecsecceccecvcesen 9 3§ @ 8 10 
™ cmomeces F © O 9 § 


PRICH LIsT OF MATERIALS. 


by 


on 


© * OWS OSHemamw ao aa 


From THs Unirep States, East AND WasT 
INDIES, AFBi0A. 


AND 
(Per cubic foot, string 
measure 


) £ 
Pitch pine, hewn ..,..... © 


8. 
1 


a. 
4 








TuurRsDAY, JuLy 26, 1877. 
£2a4 £8.4 
Pitch pine, peed or4 er 


United States oak 


~ thang 


ivneo Indianteak (per 1d) 1 11g © 
oe 615 0 


MOPTA.ccrcoccooee § 15 0 


see ccenestetons eee 





Bullet tree (per foot)..... 9 2 3 
From THE BALT10, £0 
‘er cb. ft. string measure) 
timber, Riga red ....., 13 
Fir —— pt = ed 
Srecgeccosm @ EF 
—_— ditto, “other i e113 
seeceeressceceeseccesene O TF 2 
Stettin es te 
NOPWBY .cororsessesrerssrerrrgs © © 10 
Warnscor (Logs calliper 
measure) 
Riga, &C., CTOWD....000-. © 6 6 
Ditto Drack .....sescceserees © § O 
Oak timber, Dantzic 
(string measure) .... 0 2 0° 
Pit props per lineal yard o o 24 
DEALS, &c.— 
(Per Petersburg stan: 
Redwood, Archangel, an 
Dittorelt ofan 170 
eseccesce 14 0 
Redwood, Petersburg is lst 10 10-0 
n 2nd 13 0 © 
UTE a «12 0 9 
A ieaborg we Iroo 
Gothenburg .., 12 10 © 
Z Stock- 


" 
” 


NOrway.eo-seree 
” Ditto white ... 














7 

7 2 6 

MAHOGANY, &c. (per eal 
mingo 


City St. Do’ eo 7 
Ouba ..... oo Of 
Babiou  ....00006 oo 5¢ 
Uedar, Havana, &e. eseseccee © © 48 
Sleepers, Heonma 
9x10x5 eos 6 
» Pine ” o30 
oe Hemlock ,, 0233 
to FTE cccccecccesecrenne @ § O 
@ert HULL, 
er load). 
Memel crown firtimber .. 4 7 6 
” amd35 3a 
Riga and Dantsic'ist ....., 4 5 0 
o » » oveead ° 
Swedial. Saks 
ecthiestelicces SNBOH: 
1 HAD OT sessesveecvcenvece 2e0e0 
ic foot). 
o1 
o18 
034 
woo OED 
seetecccass O T § 
ri P, oo sttevessenee O LT § 
{ or Peters urg standard), 
Arch, and ~ 20 0 © 
» Petersburgred3xll 19 5s © 
white ...11 7 6 
Wy burg a eveneseverees 14 10 0 
Quebec Ast PiN® ...,.,...000008 33 10 0 


” Pe 


” = ” 


Genld and SodePhais mixed 15 ‘ ° 
eure + pene eet 14 s ° 





oor 
woon ww 


eo C80 
ow “ow 


& OVwAwA 
~ 
° 





eres | o 12 § 
Ouases for labour 2s. per standard f ‘or deals, 
and 1s. 6d. per load for timber. 
WEST HARTLEPOOL. 
Dantalo good middling t,. 
ww. © © SHOT 
Ditto common middling fir o o 114 © 1 
Sundowall AF, seevsssswens © 1 0 © I 
(Per Petersburg standard.) 
Riga crown white deals...... 10 2 6 10 § 
Gefle Ist red deals............17 § © 18 © 
” ” sorevessesse 14 2 6 14 10 
‘ pea sseseesseee (2 § O 12 18 
» th scsssseeesse IO § © 10 7 
pa unsorted white 
Ce sesccccccccccescccccsccscescee BO $s 0 °° 
eo 1% 3 
10 © 15 12 
oo 1 3 
$ °° 0m 7 
1% © 8 Oo 
26e00 
Petersburg ist red deals.., 17 1 © 1810 
Quebec Ist pine 3in, x 7in 
and up’ seteeetesreceesene 39 9 80 CO O 
Ditto, ditto, ssecseseseesene 10-0 OO 0 O 
serseceerveres TOTS © © 0 
Wyburg 2nd red soos IE.12 6 38 18 
Charge for labour 2s. per standard for deals, 
and 1s. 6d. per load for timber. 
ISBEAOH. 
(Per Petersbittg sanders. 
Gefle Ist red deals ........, 17 1 @ @ © 
» @nd, crovennse 14 10, 0 14 2 
8rd red ssseneese 12-10 0 12 15 
Geinoabrg tnd rd dens Buse I$ 5 ° °° 
on 12 2 ° 
Petistbung ist ved Seal 1% § o 18 10 
” » * ttenms 16 15 © © 0 
” % whiedeais 13 8 3 § 
” batts 1015 © © © 
Gothenburg’ gad red 3.5 0° 13 7 
ord ,, bet 100 @ 80 
e »  batts,1z § © 11 10 
Free on railway trucks. 
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eosooce *~ 
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occoeo &eor Foocone0 e000 = owe ooo eesccece aace 
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NOTES ON TORPEDOES.—No. XIX. 
ProressoR ABEL’s MECHANICAL PRIMER. 
One of the earliest methods of mechanical igni- 
tion adopted in the British service is that known as 
Abel’s mechanical primer, so called after its 
inventor; this contrivance still retains a place 
among the approved torpedo appliances of to-day, 
and will no doubt continue so to do among those of 
the future, unless, and it is by no means improbable, 
a complete change should take place in the present 
system of torpedo warfare. It has, possibly, never 
fully realised the expectations of its inventor rela- 
tive to the position it occupies, but this is after all 
a matter of small moment as affects its actual utility, 
since inventors, as a rule, are inclined to view with 
more favour the productions of their own ingenuity 
and skill than others can be persuaded to do. 
Professer Abel’s arrangement, though not adapted 
for such service as mechanical torpedoes are 
generally designed for, viz., to guard the flanks of 
electrical torpedoes, would yet prove of inestim- 
able value in case of possible contingencies requir- 
ing that an impromptu barrier be thrown across a 
river or channel for the purpose of obstructing the 
passage of an enemy’s squadron, since the primer 
could readily be applied to any description of 
vessel capable of containing the requisite amount of 
gun-cotton or powder. Of course it would be only 
policy to use all possible precaution in the prepara- 
tion of even an impromptu defence in order that it 
may prove as effective as possible, If gunpowder is 
to be employed it will be necessary that the con- 
taining vessel be effectually water-tight, and as 
strong as the emergency of the case will permit, as 
the explosive force of a charge of gunpowder is 
greatly enhanced by strengthening the containing 
case; should, however, gun-cotton be selected as 
the explosive agent, it will not be of so much 
moment whether the case be impervious to damp or 
not, so long as the gun-cotton immediately sur- 


rounding the bursting shell is thoroughly dry ; | Po 


neither will the strength of the enclosing vessel be 
of so much importance, 



































When barrels are to be used for temporary torpe- 
does, and gunpowder the explosive employed, they 


should be lined inside or out with X X sheet tin, 
and as a further precaution, to insure the powder 
being kept dry, it may be enclosed in an india- 
rubber bag before putting it into the barrel. When 
barrels are specially prepared for this purpose the 
projecting staves are half cut away and a strengthen- 
ing of wood arranged to break joint with them, and 
at the same time fill up the space cut away, as shown 
in Fig. 117; they are then lined with a coating of 
warm glue or cement for the purpose of rendering 
them impervious to damp. A very good water- 
proof cement, for temporary connexions, may be 
obtained by mixing together 2 parts of tallow, 


16 parts of pitch, 2 parts of beeswax, and from 2 to 
4 of gutta-percha. . 

The approved method of mooring barrels fitted 
with Abel’s torpedo primer is illustrated by Fig. 112. 
A A are two barrels, prepared as heretofore de- 
scribed, B B the mechanical primers fitted to them, 
C C two cork buoys for sustaining the line F, 
DDDDDDD Dare cast-iron weights or anchors for 
retaining the barrels in position, and E E are the moor- 
ing ropes. It is obvious that a vessel attempting to 
pass between the chargesA A would become entangled 
in the cord F, thereby imparting a strain to the cords 
immediately connected with the primers, which are 
sO pst atu § that a comparatively trifling degree of 
tension applied to these cords brings about the 
fracture of a small glass tube containing sulphuric 
acid, which flowing into a mixture of chlorate of 
potash and white sugar results in the explosion, 
simultaneously, of the two charges—one on either 
side of the doomed vessel. 

Fig. 113 shows a sectional elevation of the primer 
with safety tube complete. A and B is the gun- 
metal union by means of which the primer is secured 
to the barrel C, the union being, of course, firmly 
attached to the barrel previous to the introduction 
of the primer. The manner in which the union is 
sec in its place is asfollows: Allowing a barrel 
to have been prepared for a temporary torpedo, that 
is to say, rendered water-tight in all’ its parts, and 
having no opening save the bung-hole wherein the 
primer is to be inserted, that — of the union 
intended for the interior of the barrel is sustained 
by a wire bent in the manner shown in Fig. 118, 
and passed through the bung-hole—this is easily 
accomplished owing to the fact of it being rectan- 
gular, Having been drawn up flush with the hole 
the second portion of the union is passed over the 
wire and screwed into it, the two parts being thus 
made to grip the barrel firmly, a gutta-percha washer 
serving to render the interior water-tight ; the wire is 
then removed, and the barrel is ready to receive the 
wder constituting the charge, and the primer. 

D (Figs. 113, 114) isa gun-metal powder chamber 
forming the base, E a leaden tube carefully soldered 
toit, while to the other extremity of the leaden tube 
is soldered the gun-metal plug F, G isa flexible 
india-rubber tube, the purpose of which is to pre- 
vent the ibility of any water making its way into 
the interior of the primer even though the leaden 
tube should be fractured by the deflection caused by 
the tension on the connecting line resulting from a 
vessel endeavouring to pass its station. H is a 


: safety tube or shell for rendering the primer safe 


from any chance explosion until safely moored in 

sition and the boats all clear. This shell is made 
in three longitudinal sections fitting loosely into a 
shallow groove in the gun-metal base and held 
together at their upper extremity by means of a 
wrought-iron ring, to which is attached an eye- 
piece, a small screw pin serving to hold the ring 
rigid: previous to lowering the mine into position 
a cord is connected to the eye of the wrought-iron 
ring I, and the screw pin J removed; when all 
is clear the ring I is detached by a sudden jerk on 
the connecting line, thereby freeing the segments 
forming the shell, which, falling away, leaves the 
primer free to answer to the second cord attached 
to an eye in the plug F. To charge the primer, re- 
move the small plug K and slip in the hermetically 
sealed glass tube L containing sulphuric acid, filling 
up the interstice between it and the leaden tube 
with a mixture of Psat loaf-sugar and chlorate 
of potash, finally filling the chamber M with fine- 
grain gunpowder and replacing the plug K. 

Fig. 114 is aplan of the lower jaw of the union as 
observed from the interior of the barrel. Fig. 115 isa 
sectional plan on the line x y, No.1; and Fig. 116a 
sectional plan on the line x y, No. 2, showing also 
a plan of the external part of the gun-metal 
union. 

A correct idea of the safety ring employed to 
hold together the three tubular segments forming 
the external shell, will be readily formed by 
referring to Fig. 119, wherein it is shown in per- 
spective, 

Gunpowder, as is well known, is not nearly so 
acpatil an explosive agent as gun-cotton; neither 
is it so suitable for submarine mining purposes, 
owing to its liability to become deteriorated by 
damp, occasioned by possible leakages in the en- 
closing vessel; and, unlike gun-cotton, its explo- 
sive force under water is considerably augmented 
by the strength of the case, as was elearly demon- 


strated by the experiments on board the Excellent, 





al'uded to in a previous article. No comparative 





experiments appear to haye been made with these 
two iene. explosive compoands to test their 
respective forces, at a given radius, oqeinst even a 
wooden vessel ; and cartainly no such trials have 
been instituted with a view to ascertaining what 
effect they would have on the bottom of a modern 
ironclad ; consequently, it would be exceedingly difli- 
cult to form anything ilke a fair conception. of their re- 
spective explosive force at comparative ranges. The 
quantity of powder contained in the submarine 
mines employed by the Confederates during the 
United States war, was no doubt often greatly in 
excess of what was actually required. A mine that 
was placed at a distance of about 1500 from 
Fort Sumpter, at Charlestown, contained the enor- 
mous charge of 5000 lb. of gunpowder; what the 
effect of this charge would have been can only be 
surmised, as owing to some fault in the electrical 
arrangement it proved a dead failure, and the 
operators in the fort had the questionable pleasure of 
beholding one of the enemy’s vessels take up a position 
almost directly over it, and after remaining for some 
considerable time, weigh anchor and depart, totally 
unconscious of the danger to which they had been 
exposed. It is needless to say that the operators 
in charge exhausted every means at their di in 
the vain endeavour to bring about the explosion of 
the mine during the veasel’s stay, but all to no 
purpose, as the result proved. It must not how- 
ever be supposed that such failures as the one here ° 
recorded were the rule, on the pws they were 
only exceptional, arising chiefly from hurried con- 
struction and faulty electrical arrangements, which 
in turn arose from a want of practical experience by 
those on whom the manipulation of the system de- 
volved, To us it does not appear very clear why so 
large a charge as 5000 lb. of Doomed should have 
been employed at all, considering a lesser amount 
would have served the purpose for which it was in- 
tended ; the charge that destroyed the Commodore 
Jones in James’s River was scarcely more than a 
third of the amount, and yet did its work most 
effectively. It may have been that the promoters of 
the scheme had some idea of blowing an entire 
squadron of the enemy’s fleet out of the water as 
efficaciously as they destroyed by the same 
means the Zecumsek and the Patapsco—the former 
of which vessels went down immediately with all 
hands, the latter sinking one minute after it was 
struck with an even greater loss of men—or it 
may have been that they had a superfluous amount 
of gunpowder of which they were desirous of dis- 
posing in some way or another. If this latter was 
indeed their reason they are to be congratulated, for 
assuredly their most virulent traducers could not 
but admit that they succeeded most effectually. We 
have often heard British officers connected with the 
“torpedo staff” ridicule in round terms the failure, 
at the critical moment, of this gigantic torpedo, 
setting it down, amongst various other possible but 
improbable causes, to incompetency and a want of 
intelligence on the part of the operators ; we cannot, 
however concur with this opinion, indeed we most 
decidedly, negative it, believing as we do that the 
———s nature of submarine mines will always 
render them liable to failure from accident or other 
causes, whatever the efficiency of the operators or 
elaborateness of the appliances to hand, since in the 
event of their practical application there will surely 
arise certain contingents which no amount of 
electrical or mechanical skill could prevent or 
theoretical knowledge foresee. 

Some evidence of the power of gunpowder ex- 
ploded under water may be formed from an ex- 
periment made in the river oye | against H.M.S. 
Lerpsichore which resultedin thesinking of the vessel, 
rendering it a total wreck ; it consisted in placing 
a torpedo containing a charge of 150 lb. of fine-grain 
rifle powder in 22 ft, of water and at a distance of 
12 ft, below the keel of the vessel and 2ft. horizontally 
from the side, making a total distance of 19 ft. from 
it in an almost vertical line, Of coursé it would be 
impossible to say how far this result would apply 
in the case of a modern ironclad, not alone freak 
the wide difference in the muterial strength of oak 
and iron, but because we have no reliable data to 
show how far the momentum of thé attacked vessel 
would affect the question at issue ; one thing how- 
ever is certain, that it will compare favourably with 
the gun-cotton experiments made against a specially 
prepared vessel—the Oberon. Were gunpowder to 
be generally employed for submarine misiog pur- 
poses it would necessitate that the charges be placed 
at even a greater distance apart than they are at 





present, owing to the explosive effect of gunpowder 
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being less localised than that of gun-cotton ; this— 
as we have already demonstrated—is by no means a 
desideratum, and coupled with the fact that it is 
much more liable to deterioration, places it, so to 
speak, at a considerable discount. Dynamite, which 
is a much more powerful explosive than either gun- 
cotton or gunpowder, is intensely localised in its 
effect, but is unfortunately not exempt from disad- 
vantages that more than outweigh any possible 
advantage that might be urged in its fayour : it is, 
as is well known, a mixture of nitro-glycerine 
and sand, and has, owing to the chemical action 
continually going on within it, to be reworked 
about every three years; if this is not done the 
parts become chemically separated and mecha- 
nical explosion results. The Swedish engineer, 
Mr. Noble, who was also the first to manufacture 
nitro-glycerine on a large scale, manufactures dy- 
namite by mixing together nitro-glycerine and 
silica; it fuses at a temperature of about 50 deg. 
Fahr, This description of dynamite is largely used 
in the Swedish service, where it is looked upon 
with more favour than even gun-cotton; certain! 
its explosive force is very great, 30 Ib., it is said, 
being sufficient to sink the strongest ironclad afloat. 
The French have lately used picrate of potash for 
their torpedoes, but although very powerful in its 
action it cannot always be depen upon, a8 was 
manifested by a late fearful explosion at Paris; 
and as it is ney necessary that any explosive 
intended to be largely employed should be perfectly 
safe from accidental ignition during transport, and 
free from all danger of mechanical explosion while 
in store, picrate of potash is not likely to come into 
gocsel use, nor indeed is the use of dynamite 

ely to become general, as in addition to the diffi- 
culty experienced in cy agers f thoroughly its 
component parts, it cannot used in cold climates 
owing to its aptitude for freezing. It is apparent, 
therefore, that gun-cotton and gunpowder—pend- 
ing of course new discoveries—are likely to retain 
pra places among explosives and to remain 
riv 


THE PENNSYLVANIA RAILROAD. 
No, XXXI.—Locomorives—(continued). 
STANDARD ENGINE FRAME AND ATTACHMENTS. 

Tue extreme lightness of the main frames which 
form so special a characteristic of American loco- 
motive practice, finds no exception in the standard 
designs of the Pennsylvania Railroad Company. 
We publish no separate drawing of the main frame, 
as it is quite clearly shown in the general view of 
the engine (see the two page plate published by us last 
week) and in the details, Figs. 4 and 5. The standard 
frame consists of a wrou m bar, 3 in. by 4in., ex- 
tending from end to end of the engine, made double 
for a part of its length, and having pieces of dif- 
ferent forms welded upon it at various points, to 
secure a means of connexion with other parts of the 
machine. For convenience of description the frame 
may be divided into the following parts: 

Length. 
in. 








a ae ae of trailing 
w ee ene eee eee oe eee 
From centre of trailing to centre of lead- 

ing wheel... one pou ene ons 
_—° of leading wheél to centre of 
From eustre of ‘eylinder jer to frontend of en- 


423 
102 
133§ 

53 


Total length of frame... «oo ale 
The pedestal jaws for trailing and leading axles 
are forged on to the frame 17} in. apart (from the 
centre of axle 9 in. on one side and 8} in. on the 
other) ; they are 22 in. long meas from the 
upper side of frame ; 2 in. wide at bottom, and on 
the taper faces have aslope of lin. The bottom of 


each pair of pedestal jaws is connected by a wrought- 
iron 24in. long, 2} in, thick, and 4 in. wide, 
This le is sufficient to emb also the sole- 


plates of the second bars of the e, which is 
double as far as the leading pedestal, The jaws of 
the latter, as well as the soleplates, are secured to 
a depth of 1 in, into the horizontal bar, which is 
fastened to the frame by B Pig bolts 14 in. in 
diameter, provided wi jock nuts underneath. 
From the rear i h jaw of the trailing wheel to 
the back end of the frame is an inclined bar 1} in. 
deep and 4 in. wide, It’ will be noticed that the end 
of the frame is curved down and somewhat d ed, 
and recessed to receive the soleplate at the end of 
this bar, which is secured by a bolt 1] in. in dia. 
meter. This bar is fastened to the pedestal jaw by 





a countersunk headed bolt 1} in. in diameter, Be- 
tween the trailing and a wheels the frame is 
doubled, the upper member forming a part of the 
continuous frame, the lower bolted to the pedestal. 
The upper member is however reduced in size, bein 
2} in. al while the lower one is 2} in. deep an 
844 in. long, the width in both cases being 4 in. 
This lower portion is fastened to the pedestals by 
four 1}-in. countersunk headed bolts as shown. 
About 36 in. in advance of the leading axle the 
double frame is brought to a single bar 3 in. by 
4in., the level being also lowered by 9 in. As 
shown in the drawing, immediately in front of the 
forward pedestal the frame falls with an angle and 
terminates in a soleplate 123 in. long. The main 
bar of the frame is also angled and terminates 
against the pedestal jaw, to which it is fastened by 
countersunk bolts. The two parts of the frame 
are dowelled as shown and fastened by three bolts 
lin. in diameter. Forward to the front end of the 
cylinders the frame is continued asa plain rectan- 

ular bar 3 in. by 4 in., with the exception of two 
fags welded upon it for holding the cylinders in 
place, but beyond it is reduced to 2} in. in depth as 
shown, as far as the vertical jaw 2 in. wide at the 
root and 10 in. high, to which the bumper timber is 
attached. Twelve inches beyond this point the 
frame terminates. 

The transverse portions of the frame are as follows, 
commencing from the rear end: 1. A flat bar 6 in. 
wide by 2 in, thick connecting the two frames 13 in. 
distant from their extreme end. This bar is marked 
A, Fig. 6 (see page 86), and is fastened to the frames 
by the same bolts that secure the raking bar runnin 
down to the rear pedestal jaw. This bar is extend 
out 16in, beyond the frame, and carries the footstep 
brackets, &c. 2. A transverse frame, marked B in 
the general side elevation and plan, and shown in 
front elevation, Fig. 4. It is placed in front of the 
leading pedestal jaw, where the two parts of the 
frame are bolted together. It is 1} in. thick, and 
3} in. deep, being raised above the level of the frame 
af in., and ending with a soleplate on each side. To 
this frame is bolted a jin. plate 40 in, wide, with 
which the curved T iron 4in, by 3} in., forms a cradle 
for the boiler. Below the centre of the boiler the 
plate is cut away, as shown, to allow of some elas- 
ticity. 8. The cross frame to which the end motian 

ide bars, pump barrel, &c., are bolted. This 
med is 3744 in. from the previous one, and is shown 
in front elevation in Fig. 5. It consists of a plate 
1 in. thick and 6 in. deep between the longitudinal 
frames to which it is secured through distance blocks 
as shown. Outside the longitudinal frame the plate is 
formed as shown in Fig. 5. Between the frames a 
} in. plate is bolted to it, and forms, with the T-iron 
seating a second cradle for the boiler. 4. The 
bumper timber, 10 in. by 12in., fastened to each frame 
by the horizontal and vertical bolts j in. diameter. 

The attachments to the frames may be classified 
as follows: 

1. The footplate, Figs. 6 and 7. This is of 
cast iron 1} in. thick, 51 in. wide (the distance apart 
of the frames), and 35in.long. It is covered with a 
wooden flooring 1} in. thick, extending from the 
back end of plate to within } in. of the back of fire- 
box; this floor is held down by two iron plates 
3}in. by } in. extending across the boards at each 
end and fastened by countersunk headed bolts pass- 
ing through footplate and all. In the centre of 
its width, and 5} in. from the face, is the box for the 
pin holding the coupling link. This is the strongest 

rtion of the footplate, as is shown in the figures. 

e depth is 114 in., the width 10} in., and the length 
10} in.. The bottom of this box is 3 in. in the 
thickest part, and the sides are lZin. From a point 
5 in, from the“centre of the pin two flanges ]# in. 
thick, and diverging to a width of 14} in., rise from 
the bottom of the box to the underside of the foot- 
late at its rearend. The footplate is surrounded 
a flange 4} in. deep running along both sides and 
at the rear end, the former being P 4 in. from 
the edge, and the latter 6 in. front this flange 
runs up from the bottom of the box to the under- 
side of the side flanges. On the right-hand side of 
the footplate, and 5} in. from its front edge, a 
recess is formed, as shown, to make space for the 
bottom of the reversing lever, which is held in posi- 
tion by an eyebolt we the frame on the 
one side, and a lug in the footplate on the other, a 
horizontal pin bein through them and the 
bottom of the lever. Reference will be made 
again to this detail later on, Fehon ge arrange- 
ment between engine and tender will also be de- 
scribed in its proper place. 


2. A plate strut E is bolted to each of the frames, 
and is carried upwards to the firebox, to the back 
plate of which it is bolted. This strut is 3} in. by 
ljin. Its connexion with the frame is by a 1 in. flat- 
headed bolt passin —_ an oval hole in the sole- 
plate to allow of expansion. A horizontal stay 
plate E', 2hin. by Zin., is bolted to the strut near 
the bottom and attached to the firebox. One of the 
links of the trailing wheel spring through the 
frame, and is held to the sateniie of it by acoiled 
spring surrounding a rubber block, as shown. The 
other link takes hold of the end of a compensating 
lever, which in its centre bears upon a steel pin 
passed through a bracket bolted to the frame. 

5. The firebox-sliding attachments, There are four 
of these to each frame. Those on the top are 10} in. 
and 7 in., and the bottom pair are each 7 in. long. 
The upper ones are 8}in., and the lower ones 8} in. 
deep, and all are formed of yy in. plate. They are 
bolted, as shown, to the side of the firebox, and em- 
brace the frame, leaving the former free movement 
for expansion and contraction, In connexion with 
these are the two angle iron brackets on each side of 
the firebox 12 in. long, 9in, high, and 4in. wide at 
their bearing on the frame. They are attached to 
the firebox plate by seven j-in. bolts arranged in 
two rows, and are formed of plates 1}in. thick 
bearing upon the frame and } in. bearing against 
the boiler. 

4, On the two-page engraving will be seen the 
attachment to the frame of the Westinghouse brake, 
which is employed on_all the company’s stock. 

5. The front link of the leading wheel spring is. 
Beng to a cast-iron block, a second block formed to 
fit the angle of the frame being introduced, and 
a disc of rubber interposed between the two. 
To the frame is also attached the wrought-iron 
sheathing which extends from the rear end of the 
footplate to the front of the leading wheels, and 
forms the lower part of the cab. - 

6. The cylinder, and 7, the trucks, will be de- 
scribed — 

8. The inclined struts from the bumper timber to 
the sides of the smokebox. These are 2} in. in dia- 
meter, with a soleplate at the upper end, and a bar 
formed to embrace the timber and the frame, as 
shown. 

Lastly may be mentioned the pilot, not shown on 
the general view, but to be described and illustrated 
separately. 

STANDARD PILor, 

The standard type of pilot, which forms so dis- 
ay ar a a feature in American engines, is shown 
in detail, Figs. 8, 9,10, and 11. It consists of a strong 
wooden framework fastened to the head beam of the 
engine, and securely braced. It thus forms a very 
efficient —= for throwing off the track animals 
that may have strayed upon it, and which would 
probably throw the train from the rails unless some 
such means were provided. The pilot consists of a 
strong triangular frame built of timbers 6j in. 
by 3 in. and 5 ft. 5 in. long, measured from the base 
to the point, thus making the projection in front of 
the engine nearly 6ft. The outer sides of this 
frame are protected by sheet iron, and an angle iron 
stiffening frame 3 in. by 3 in. by }in. is placed 
within it, as shown. Each corner is also strengthened 
by a triangular iron plate, attached to the under- 
side of the frame, and running back for a distance 
of 18 in. from the point, Bolted to the front of the 
head beam isa timber 7 ft. 6 in. long, 10 in. deep, 
and 4in. wide, into which are fastened the sloping 
beams forming the upper surface of the pilot, These 
beams are 5 in. by 1} in., and are arranged parallel 
in a horizontal plane, while they rise and converge 
to one point on the top frame, as shown in the 
section. The pilot is attached to the engine frame 
by two inclined stays 1} in. in diameter, crossing 
each other, and bolted at the bottom to the angle- 
iron stiffening frame by a soleplate and two bolts, 
and to the upper end by another soleplate, bearin 
against the underside of the head beam. A thi 
stay 2} in. in diameter extends between the rear 
timber of the bottom frame of the pilot and the 
front side of the cylinder casting, and provided with 
soleplates, the lower one 9} in. wide and the upper 
12 in. wide. On the top there are also two other 
inclined stays 2} in, in diameter and 47 in. apart, 
passing between the top of head beam of the engine 
and the smokebox. 

The two middle bars forming the inclined top of 
the pilot are larger than the others already described, 
being 2}$in. wide and 5in. deep. Upon these 





rests the lower end of the draw bar 48}in. long, 
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2} in. in diameter, and of the form shown, The 
upper end terminates with an eye, through which a 
pin ]3in. in diameter passes, and attaches it to the 
cast-iron block bolted to the top of the head frame. 
Near the lower end of the w bar, where it 
rests on the inclined timbers of the pilot, a plate is 
bolted to the latter. Figs. 10 and 11 show the 
arrangement for coupling link. This consists of a 
forged head and bar 44in. deep and 2in. thick, formed 
with a soleplate 17in. long by 6in. wide, passing 
over the head beam and bolted to it with three 1 in. 
bolts, This bar is stiffened by two inclined braces 
l}in. in diameter, also bolted to the head frame, 
and 29 in. apart, and bolted, as shown, to the centre 
bar. A curved bar is also introduced, passing from 
the central pilot beam above the draw bar, and 
having a hole in the upper end through which a 
bolt passes, and connects with it a 1? in. inclined 
tie, taken back to the smokebox of the engine 


STANDARD Four-WHEELED ENGINE TRUCK. 


The standard four-wheeled engine truck shown on 
the general drawing of the C class engine is also 
given in detail in Figs. 12 to 17 of the two-page 
engraving we publish this week. The diameter 
of the wheels for the A class is 30 in.,; for the B, 
C, and D classes 28 in., and for the E and G 
classes 26 in. The truck axles are shown in 
Figs. 12 and 14. In the rough they are 66} in. 
long and 43 in. in diameter in the middle for 
a length of 3l in. The ends, each 17 in. long, are 
444 in. in diameter. In the finished axle the centre 
is left untouched, but the journal, and that portion 
of the axle on which the wheel is forced, are turned 
down to 44 in., the length of the latter part being 
7 in. and of the journal 7} in. Collars 44 in, in dia- 
meter and 3 in. wide are left at each end against the 
journal, and on these are placed discs, as shown, 
37 in. apart from face to face. 

The truck frame is formed of bars 34 in. wide by 
1} in. thick placed on the flat, as shown, and ar- 
ranged in a rectangle measuring 7 ft. 8 in. by 48 in. 
outside. In the centre of this frame are bolted two 
transverse bars 15 in. apart, 1} in. thick, and 5} in. 
deep in the centre, and rounded off at the ends, as 
shown in Fig. 15. Two longitudinal bars 4 in. by 
1 in, are bolted to each of the transverse bars and 
to the end bars of the main frame. These are 
placed 20 in, apart. The pedestals are bolted to 
the underside of the frame each by four bolts 1 in. 
in diameter ; they are 68 in. apart from centre to 
centre, and each is composed of two bars 3} in. 
wide and 1} in. thick, forged with an upper bearing 
plate against the frame 8} in. long, and a soleplate 
ag ong. They are placed 7 in. apart in the 
clear. A light bar 4 in. by ? in. connects them 
together in pairs as shown, each estal being 
fastened to the bar by l-im bolts, The two longi- 
tudinal bars before mentioned joining the transverse 
bars in the middle with the ends of the frames are 
connected each by a bent strap 4in. by lin., as 
shown in Fig. 12. On each side of the outer longi- 
tudinal frame, and with their ends resting on the 
axle-boxes, as shown, are two curved bars 4 in. deep, 
except at the ends, where they are reduced to 3 in, 


and lin, thick, To each pair of these bars is slung 
the spring by a pair of links attached to the bars by 
pins 1}in. in diam eter and 36 in. apart. By this 


arrangement the spring is placed between the two 
curved bars and immediately below the frame of 
the truck. 

In the middle of the frame between the two cen- 
tral transverse bars are placed the cast-iron bearing 
plate and levers forming the swing portion of the 
truck. This portion is also shown separatein Fig. 17. 
It consists of a double frame of the ios shown, with 
pinholes 1 in. in diameter placed 31 in. apart from 
centre to centre. The frame consists of two similar 
parts 11} in. apart outside, 8 in. high in the centre, 
1} in. thick, and having each a horizontal strengthen- 
ing flange 1} in. thick and 2} in. wide. The ends 
through which the pins pass are connected from 
end to end, and the holes are enlarged in the centre 
to 2} in. in diameter, as shown. On the top of this 
frame is a rectangular base 143 in. by 14} in., and 
1? in. high, and upon the top of. this, base isa 
circular socket 2 in. deep and 12} in.‘in diameter 
inside. This frame is suspended to the transverse 
bars of the main frame by four links 6 in. long and 
1? in. wide. These links are connected to the cross- 
bars by two through pins 13 in. in diameter, secured 
by a head at one end and a key at the other, and 
having a distance tube placed over each (see Figs, 14 
and 15) and extending between the two links. At 
the lower end a pin 1 in. in diameter passes through 





the links and the cast-iron swing frame, In the 
bottom of the cireular socket before mentioned 4s 
placed a wrought-iron plate } in. thick, and _— 
this the turning centre attached to the engi ] 
its. bearing. A hole 4 in. in diameter is left through 
the bottom of this centre, through the wrought-iron 
plate and the bottom of the socket, and the centre 
- 33 in. in diameter paeene through, being secured 
y a key, Figs. 12 and 15. 


STANDARD Two-WHEELED TRUCK, 


The standard two-wheeled truck for the Class 
‘¢T” locomotives is shown in Figs. 18 to 24. The 
wheels are 28in. in diameter, and are mounted on 
an axle almost similar to that for the four-wheeled 
trucks, and already illustrated, The distance from the 
centre of truck wheels to centre of leading wheels is 
7 ft. 10 in., and the distance from centre of truck 
wheels to the centre pin on which the truck turns is 
5ft.6in. The frame is not independent, as in the case 
of the four-wheeled trucks, of the main frame, but is 
attached to it by the centre pin, which passes through 
a crossbar bolted to the engine frame, The truck 
frame consists of two horizontal diverging bars, 3 in. 
by 1 in., united at the centre pin, and two inclined 
bars 1} in, in diameter, bolted at their upper ends 
by means of a soleplate to the flat bars, and at 
the lower ends to the journal boxes. These latter are 
fastened each by four through bolts to the ends of 
abar 6in. by 2}in., marked A, Fig 18, enlarged 
at the ends B B into slabs 14 in. by 19} in, 
The diverging bars C C of the truck frame lie on 
the top of these enlarged ends and are bolted thereto. 
By referring to Fig. 18, it will be seen that the 
thickness of the bar A is increased from 1} in. to 
22 in, at the ends for a width of 6in., and the top of 
the pedestal is recessed to fit. At D D, Figs. 20, 22, 
and 23, are bolted to the ends of the frame a, saddles 
D D, to which are suspended the spring links E. 
The saddles are of the form shown, 9 in. long and 
82 in. wide, with a projection in the centre, against 
which the bolts carrying the spring links rest. 
These bolts, which are 13 in. in diameter, are en- 
closed in hardened steel bushes to take the wear. 
The links E E are double, as shown, 3 in. wide 
by } in. thick and 1]# in. long. At the lower end 
is a through bolt 1} in. in diameter, also enclosed in a 
hardened bush } in. thick, We may mention here 
that these bushes throughout are made of lengths of 
the water grate tubes casehardened, The arrange- 
ment of spring links is the same on each side of the 
truck, and the level of the centre of the bottom pin 
is 1} in. below the centre line of axle. The span of 
the spring is 40 in. In the centre it is attached to 
the square socket F, Figs, 18 and 19, The base of 
this socket is 12 in. by 12 in., and it is formed with 


rojections on each side 4 in. wide and 1} in. thick, | has 


hrough which a jin. diameter bolt passes and secures 
the spring. On each side of this central attachment 
are two spring bands G G, fastened by bolts to the 
base of the socket and embracing the spring. Theform 
of the socket is shown at F, Fig. 18. It rises above 
the transverse bar of the frame 2}in., and is 1} in, 
thick. On the top surface it is countersunk to 
receive the piece H, 44in. deep and 10} in. internal 
diameter, reduced at the top to 10} in, in diameter. 
Into this short cylinder fits the bottom of a trunk 
or plunger of cast iron 8}$in. in diameter, and 
formed with a shoulder that prevents its escaping 
out of the cylinder H. Beyond this shoulder the 
cylinder is extended 8}4 in, in diameter and 1 in thick, 
and for a height of 18 in., an opening being cut out 
in one side f in, high by 4in, wide, to receive the 
end of the compensating lever. This trunk moves 
in an outer casing J, 12 in. long and l}in. thick. By 
referring to Fig. 18 it will be seen that this casing 
is made with two lugs J' J'', which take a bearing 
against a wrought-iron bar l?in, thick by 5} in. 
deep, fastened at the ends to the main frame, and 
embracing the casing in the middle. Besides this, 
two round stays l}in. in diameter, with flat 
soleplates at each end, are bolted to the 
engine frame, and to the lugs on the casing, so 
that the whole is rigidly connected. The top of the 
box Lis provided with a wrought-iron cover, the 
centre of which is dished and formed with a hole 
2} in. in diameter. A stirrup rod 2in. in diameter 
pores through this hole, being held up by two nuts 
aring on a hardened steel washer, the under 
side of which is spherical. By this arrangement a 
certain amount of play is secured as well as a true 
bearing on the cover of the box I, The bottom of 
the stirrup rod is widened and pierced as shown, 
and a horizontal steel pin 1} in, in diameter is let 
into the bearing face of the stirrup, to carry the 


hardened steel ing at the end of the com- 

nsating lever K. The compensating lever is 
Pein. long, and the other end bears on a transverse 
lever L, 6in, deep by 1?in. wide, attached at both 
ends to the forward leading spring links. In the 
centre of the compensating lever is a steel bearing 
block on which the cylinder castings rest, so that 
the weight due to that part of the engine forward 
of the leading wheels is equally divided between the 
axle of the latter and the truck. The pin attached 
to the radius frame is shown in Figs, 18 and 21. Itis 
carried in the centre of a transverse bar frame M M', 
Fig. 21, This frame consists of a bar M, 1 in. thick 
by 6 in. wide, with the middle thickened and ex- 
tended, and the ends turned over and bolted through 
with countersunk headed bolts to the main frame. 
The lower bar M! is 1 in. thick by 6 in. wide, and is 
also enlarged in the centre, while the ends pass 
under the main frame, and are bolted thereto 
by vertical bolts. The clear space in the middle 


between the upper and lower is 5in, The 
two plates of the radius frame, uniting at this 
point, form a block 1} in, thick and 6§ in, 


wide. A hole 4 in, in diameter is formed through 
it, and holes 2}in. in diameter are also formed 
through the enlargements in the top and bottom 
members of the bar frame. The hole in the radius 
frame head is lined with a casehardened wrought- 
iron bushing, with a spherical inner face, and a set 
screw N is introduced to keep the bushing in 
its place. The relative positions of the radius 
frame head and the upper and lower bearings are 
such that a 1} in. —_ is left between each; this is 
occupied with a rubber washer, as shown. A case- 
hardened pin, 2 in. in diameter, is passed through 
the whole assemblage, and fastened below with split 
key. From the fore ny rag on tion and the draw- 
ings it will be seen that this truck, while substanti- 
ally attached to the rigid frame of the engine, has 
by its construction and the mode in which the 
—- = attached an ample range of motion. 

e drawings supply the dimensions not given in 
the description, 


FOREIGN AND COLONIAL NOTES. 

Australian Iron Making.—The management of the Esk 
Bank Iron Works, near Bowenfells, New South Wales, has 
commenced the erection of rolling mills which are 
to be brought into operation before the close of this sum- 
mer. The works are situated at a distance of 95 miles from 
Sydney, on the Great Western Rail 

ales, which runs through the 
sists of 700 acres, upon which is a 10ft. seam of coal 
ping out on the surface; and iron ore (argilla- 
ceous and hematite) is also obtained on the 





ran ggg is met with in abundance 12 miles from the 
works, 
Central Pacific Railroad.—The traffic of this great line 
sustained a check. The te earnings in the first 
six months of 1877 were 7,700, - t 8,026,944 
dols, in corresponding period of 1876, and 7,910,183 
dols. in the corresponding period of 1875. 


American Mechanical Industry.—An order for twelve 


Gatling guns been received at Colt’s works, Hartford, 
Connecticut. Negotiations have been ing at Potts- 
ville, vania, for an order for 30,000 tons of rails to 
to erica, The Pool Rogers furpaces in 

ia are for sale or to rent. 

Water Supply of Sydney, N. 8. W.—Mr. Clarke has 
sent ins finel report to the New South Wales Govern- 
ment on the best means of s ey and the ad- 
j t districts with an adeq of pure water. 


i su 
. Clarke’s investigations have led him to pronounce 
in favour of What ia laser as the Nepean scheme. 


Iron Making in Tennessee.—The uction of iron in 


miles ; 
, 6167 miles ; 
in 1875, 1910 miles 


; and in 1876, 








iw 













































































































































































So) 
Z 
a4 
a 
+ 
Z 
So) 
Z 
eal 
































(‘960g buipsoosd go8 ‘uoudtsovog 407) 
SHAILONOOOT «9» SSVIO HYOd ALVId-LOOd GNV LOMd ‘AVOUTIVE VINVATASNNAd GAL 








o) 
= 
4 
a) 
aie 
- 
© 
Z 
tx 








"y10M I1eq} JO o[durexe 4ueTjooxe ue 
st ‘syuoumeaordumt 480,81 1104} Jo ysour ‘scoop 41 sv ‘Surutey 
-200 peyeIySU]][] Mou ouLIO og} puv ‘sedor Surauni-qsuy Aq 
Suyap YM worxeuuos uj ATTeroedse puv ‘spury soles 
yo Kiourqgovur Suysioy jo UoyoNsu0D pu Ussep Teg} 
Ioy uoHeynder pourve-[jom v svy (JequIEUI e[os oY} MOT ST 
qPeIg Lief Caoyjog ou Yory Jo) WIG ZjoyMeZonIg OWL, 

“+ @UBID GfOYAA JO TOHOW 
© eve é bes AL 


“= puoy £aveq Jo 377T 


: poures4e exe spoods Surmoyjoy oy} ‘oynuru 
sod “43 079g Jo £yf00jea popusyar oy ye Buyuuns odox 
% WH yeu} pouoriodoid os sy Busve3 oy], “WoHou! uy 
ou st edos om ueym poymem oq 41 Jt ssojesn oq you Avar 
snyeredde on} 48q} 08 ‘u10q} 0} poyoemm0D Ive3 puey cacy 
eUBIO oY} Jo SUOKjOM oN} [Ty ‘dogs oq} Su0ye ouvIO oy} 
Suyjoavs, 10j 1veF oy} eatp sjoaoq jo sed Jomo OY], 

e803 Sige fa 20} dn oxeat 

jo eq} Ul seoueregrp 44313 Aue Joy dn oyvur 
ak *Stq ‘uejd 008) 1040] Sumesuvdur0o 8 04 pozoom 
100 O18 SOTYOVGS 0&4 OG} Gorm Jo pus ouo 4s ‘oFurLeo 
Koynd oy} 0} spue yj0q 48 poxy ore osoyy, ‘seed suyeqo 
Suisi0svx} oy} gory punor sfoznd urego jo efdnoo sv 





Surfirwo (¢ puv.Z “sB1y Ut WMoYs) 4yeys B CAlIp 0} posn FT 

Suizv03 inds jo urexy eyduns v esodimd stqy 10g “o3vtreo 

foyjad oy} Suysieavx Jf st speaeq yo red ofppruz eq], 
“UOlZOLIJ UI SSO] SNOULIOUS 


JO YOUqQMLIP [eIyMESSS 841 YA poute;go st FuLIweS moos 
jo oBujuvape yvoi3 oy} 4uqy 08 ‘peot oy} ploy oO} posn BT 
eyeig [eyuoigip roiden y *F Brg ut pus ‘[ -31q ‘AC 38 
WAOYS BI e894} JooUD “Jops1S oy} eprsut uTwyo ey} Jo TOH 
-10d ey} 10; popraoid ore syioddns yuvystpmbe Suysn{pe 
-jesomy, ‘“ouvd oures on} ur sfemye sor ureqo Says] ou} 
jo yred Aroae yey} poured 8! oSvjuvape og} yuouleSuBLIe 
sq} 4q 9 ‘sops18 oy} Jo doy og} wo 4 103 peur (wort 4880) 
Jeunvyo v ut Ajoory o4mmb sory ‘peuorueut eroyoq worutd wos 
4ySnoia oy} punos puw 40014 oy} sopun ‘eBerueo Aoynd 
ey} 10A0 Sutssed ‘req}0 oq} epyM ‘1epm8 eueIO eT} JO 
pues Jo|}AN} OY} 04 pexy SI 41 Jo pus ou yey} | “Big Woy 
Woes oq [IM 4] “[90}8 4880 4J08 jo AjoryUe opeur ‘pury 
AA] VB OG} JO st urwyo oy], “uormd sry} uo Apjoexrp srv0d 
Ureyo Says OG} puw “seyoUTeTp Uy “uy 1g", pu ‘q}0} WoAOS 
jo wormd wol-4q3n01m ¥ 41 Y}IM poS10j sey OfxB UreUT 
e"UL ‘€ pus [ ‘S3iq Ut uMoys Sursv03 mds jo urey t 
‘ye03 Buystoy oy} 10} ore speaoq jo ated ysourseddn oq, 
‘yuourjsulpe youxe A10A 
jo ofqudvo ore ouvro ey} JO SUCHOUL oy} [Te 4eq3 AT yorub 
os peSvuavur oq uvo suoreredo eseq} oully ouTus OT} 48 





etry ‘<pemb puv Lprsve L104 covsd 08} 04 SutrveS 04} Jo 
quoUIeSeSuostp puv yuouLeSeFue oY} SMOTTS SUNI g 4yeYs OT} 
Wor 48 poods mojs Ajoapereduoo oy, yyeys on} ayLM 
emsvold 48 peyooumos eq uo ated Yove Jo Jooym oo 9 9 
speeqapuvy omy Aq poyiom ‘p p soyoynyo Wooly pereyywoy 
ee1q} oy} jo suvem Aq puw ‘9 uodn esoo] unI ea spooqM 


yeaeq jo sured coryy, ‘Saruuni st odor oy} wey moro | ¢ 


ay skempe st ¢ syeqs ou} yey} 08 ‘peysouu0o Apjuemeur 
-red st SuyrweS sryy, ‘oynuym sod suoynjoaer 1% ynoqe 
Soyer gq $yUys [ose oy} yeu (T : gg) os 
st Surzve3 om pus ‘oynurur sed suornyoael 09g sexe D D 
oppuids oq} edox jo poods sty} 4y “oynutur tod ("43 Fez) 
seTjOUL QLL ye UNI OF pepucyuT st Yory “To;oUTEIp 
ur “urgL° Jo odor wyrrepy v Aq UoALIp st oUBIO oY, 
"UI9 “Y LE ynoge 
SUNY} Sf OUVIO OY} JO OSIOABT} [NJOSN OT], “OY}O oy} UO [rer 


eT} JO GI}USD OY} WIOIy ECU CG'Q 10 ‘eprIs oO OY} UO [TEL | - 
04} Jo ex}U90 OY} UII; SaNOUT FT UVYR sso] you yufod Aue | - 
IOAO WO, OG UBS 41] [CONIOA On B 4q} poTOrsodoad | - 


os st snyeredde ojoym oy3 puv ‘} “B1q Ut UMOYs ore Yorqm 
‘seoord o8ue uo Jopi13 04} UIG}IA sUTLI OSBLLIVO e"L 
“u10340q ey} 48 uedo pus ‘oI o[3a¥ jo siomeyys [VOTLIOA 
4q sopis oy} uo pousqySue4s ‘pesn st sopm3 xoq ureyd 
e puv ‘pormbor st sopm3 o[8uts v Ayuo ‘qoutm efquaour 
ou Zujeq er0q} “yuemeZueie siqy Ag ‘eloyq} poexy 








“LTT “d “Ax "Joa ‘ONTIEMENTONG 009 » 
wuoyejd & uoIy ue e Aq peTfoUOD pus euBIO eNy JO 
Opts ouo 48 poourd st veS Butarrp ey jo efoym oy, Vou 
ejduns 4704 © St O[OYA B SY CLIO OG} Jo USISep eT, 





“Wey JoULYeU], “q!YxXo uv se pourvuler spreas04se 
pus er10qy Arouyqoep_ OY} Ul eoAr1es poo’ prp yey 
qorqa saeco at ‘TqNY “pS 109304, JO ‘zjoqMeyonyG 
Stapnry Aq popon.ysu00 ,goue10 ZuT]poavyy v Jo SMOMESUTT 
poystiqnd om UoMIqIqxY VuUET A OY} Jo CUTTY ONY ONTUAG 

| 










































































































































































‘VITVHAISHM ‘UHOU-AHL-NOUALLGM “OO GNV ZIOHNEHOOIS “I ‘SUSSHN AM GHANLOVANNV 
CONVGZO ONITTXAVAL NOL*ALNGIML © 




































































































$8 


ENGINEERING. 


adaone 3, 1877. 





OUR. NATIONAL SROSEEDTS. 
To THE \ or ENGINEERIN 
Srz,—It is much to be that Mr. Haw in 
= Fd ee — not succeed in finding 
me ey ae 
very economy, @ very un 
tirade + the British workman and his 
freedom of netion. — 
a matter of that 


And assuming 
for the moment that "4 res have the meaning that he 


it is -emarkable that there are many engine builders to-day 
who are totally ignorant of its function—judging by the 
number of cylinders that are continually being tosnel out 
with — which, owing to their imperfect t, 
ibly - ‘of _— if any, service at The 
notion ay eye ly cherish con , jacket 
yg tet or partly round, the cy- 
linder, into which steam is conveyed, it being quite imma- 
terial whereabouts in this ring the steam is en in, or 
from whence it is drawn. 

There are numerous means whereby the economising 
ee of the steam jacket may be coun’ ,» arising 


placed upon them, Mr. rye did not suggest those 
remedies which come within the field of an eer, Viz., - Faulty desi 
= py ot pe ay - —_ te oo a. Fo age 2. Defective See tien, or 
ure Oo! ; yu: 
hough vaad iter 3. Inattention on the part of the engine driver. 
a = 7 Be pa te ee The most prevalent cause of inefficiency arises from 


and the mechanical 


as of scientific een 
a nm, in the first place, tos 
some reasons for doubti: the soundness of Mr. Hawk ey 4 
views upon the single fact which he adduces, and conse- 
quently the inference he draws from it, in the second place 
to ven some observations on the British workman, and, 
in the third place, to throw out one or two suggestions 
from the of view of how the condition 
of “‘ famish and succumb”’ which Mr. Hawkesley and every- 
body else deprecates may be indefini T 


initial statement upon which Mr. Hawk: + bases the 
lamentable picture he draws is that of di wealth, 
and that at the enormous rate of 100,000, O00E, per annum, 
would be most portentous 


tous if true. 
Bat from what source does Mr. Hawkesley obtain his 
information ? 
Is yes process of depletion’ a circumstance of quite 
veugnh Goeurttunn, op 0% at — ? 
"One of the best proofs of w ce of ‘trade is 
in our favour or not is the investing resting power of th of ong country ; 
tho ten pemne treet LOnD we find 


poke ro roe of British railways Nespiesed 


from 480,000, ee a To 
this may be added 50,000,0000/. of ital expended 
on ped ner railwa; ‘Enormoos sums ony hy oo expended 


- and lost in wort A, TOL Bond fide tote 
onduras—perhaps 0001. oreign in- 
vestments have probably absorbed as much. Our steam 
marine has increased from 47,000 tons to 145,000 tons 
burden, entailing a capital outlay of at least 2,000,000/. 
Cotton and Salle | factories have absorbed several 


Snormons sums hi sums _have been ¢ in iron works, steel 


works, and collieries, mainly profits gained by those 
industries. 
House building, local improvements, water, se » and 


gas works, in which Mr. Hawkesley has himse "done 
much, have ‘absorbed several millions of money 

Indeed, there would be little difficulty in showing that 
the investments of trade profits have, during the last ten 

ears, approached Sy gee eae and thie sum would be 
y increased if it were credited with the increased 
value of the land and houses in the coun How 
therefore, does Mr. Hawkesley get his loss of 1 ,000, 0001. 
per annum ? 

No doubt ch comparing the values assigned to the annual 
exports and de py 

hus we that in 1875 the total value of the imports 
was in round numbers 374,000,000/., and of the exports 
282,000,0001., or a difference of 92,000,0002. But if Mr. 
Hawkesley will look back at the balance of trade for the 
past ten years, he will find ay the imports yen cd 
exceed in value the i on ~ deg of the whole 
term amounts to 60,000,000/. ro 

Here, therefore, is a nut Mr. H Hawkesley to crack. 
Tf his 100,000,000/. was obtained from a comparison of 
imports and ex ats, See ono yonr, Ne Se Sead: Ss Hike 
measure to conalder gy oe “<a exports of previous 
years, and for w bound to 
that we have lost 000,000. = enue 

In what strong — and old stock were these 
millions hoarded which haye met this double drain of new 
investments and foreign 

Clearly Mr. Hawkesley is entirely wrong in theinference 
he draws from the figures. 

There can be no doubt on the one hand that the new in- 
vestments pointed out are the profits of trade; is it not at 
any rate reasonable to t that the ng Sgares which 
frighten Mr. Hawkesley really prove our 

ance on the poy ody is a J — rand o~ who 
en: init do so in s of greater 
value than those hepn:thag anh anny, is th ast Tair Se cappose 
that the 92,000,0002. of trade represents the value 
of goods by which we are the richer rather than the 
poorer for t “ied 8 ae 


As I have alread, ur space I 
propose with yo to to deal = bh the two other 
subjects ts indicated i in aie letter, 

Yours obediently, 
\ Scrvraror. 
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THE ABUSE OF THE STEAM JACKET. 
To rae Eprror oF ENGINEERING. 

Sir,—The of this communication is to show that 
while many engines have cylinders that are said to be 
jacketted, Row i few indeed of this number are steam- 
jacketted thoroughly and efficien' 

important and valuable 


The jacket constitutes a 
detail of an engine, yet, in its and constraction, it 
pom 9 ee a tithe of ~ attention that pier agp Dn 
equal or importance have; consequently, it is in far 
too many instances little better tham a sham, and serves 
to exhibit the carelessness or ignerene of the designer. 
Notwithstanding our increased kaowledge, and the fact 
that so much has of late been written on the steam jacket, 


the drainage being altogether neglected, or badly carried 
out. Now most people readily admit that the jackets of 
horizontal fixed engines are often imperfectly drained, bet 
they fancy that such cannot be the case where the 

linder is bolted on to the top of the boiler, asin all portable le 
and most traction engines ; but I have met with several 
cases of badly draine jackets —— this cl 
indeed, the worst instance of careless di 

that ever came under my notice, I found a few weeks ago 


he | OD @ traction engine which was being 








Let us, for the present, confine our attention to the first 
head, and show how the steam jacket may be abused b 
incompetent designing’; and for isp I have biaced | 2 
before me drawings of sections of . zen cylinders of 
modern portable, traction, horizontal, and vertical en- 
gines, some traced from recent published drawings, others 
taken from practice, and by noting their defects we shall 
pave the way for others to test their jackets and see that 
they are so designed as to insure perfect success. 

Out of the twelve ape we have chosen, in eight of 
them the jacket is only carried‘ partly round the cylinder, 
and the exhaust steam is allo to come ‘in contact with 
the cylinder body. See Fig. 1 for an instance of this. 

In six cases the working steam is made to enter the jacket 
and traverse round the body of the cylinder on its way to 
the valve chest ; a ——- that in the Cornish engine has 
been abandoned an which should be rejected in all engines, 
seeing thut the steam is robbed of its heat and condensed 
ere it reaches the cylinder, the water resulting from this 
refrigeration being carried with the steam into the cy- 
linder. Figs. 2 and 3 are illustrations of this class. The 
jacket may be said to drain itself through the cylinder. 

In two examples no eee whatever has been 
for the escape of the air from the top of oie 1 it bas or the 

per circulation of the steam within, see 
_~ proved that the air at the top must be >A rid ot 
fore the jacket can be heated; the following incident, 
which seems as a case in point, was recorded in ENGINEER- 
ING some time ago by a commeeeeaeen. it having occurred 
at a trial tee. tote cy pr oye hog engine 
was steam et on the of the r - 
mission of the steam “bang on to the jacket ; it might be 
supposed that the jacket would be heated as the steam 
rose, the jacket felt ~ cold with 60lb. pressure of 
steam in the boiler, until the safety valve (which was on 
the top of the c linder) wl a little, a current was 
formed in the s , showing clearly that the air must be 

oe before they can be heated properly.” 

n seven cases the drainage is very imperfeet, in numerous 
instances I believe it is entirely overlooked, even when 
the jacket happens to be drained, at the bottom, which in 
all portable engine cylinders it is not; there is ly 
some shelf or partition at the top, where water may be ac- 
commodated. Figs. 1, 2, and 3 illustrate these cases. In 
Fig. 2, for instance, t steam is made to pass round the 

ov nder body over this water to reach the steam chest ; 
this water lying in contact with fe cylinder body tends to 
waste the heat of the working steam, and causes other 
— on the top of the jacket, while the greater part of the 
e of the cylinder is in contact with the cooling influence 





of the exhaust steam. But Fig. 3 represents a worse case 











still, for not is the w steam made to traverse 
round the cylin , but it must, before it reaches the stop 
valve, either pass a body of water, or carry some 


of it with it into the ——— *Fig.'4 4 shows an example 
wherein the bottom jacket always contain water, 
Seseane She SS une ters Sepa Bae eae oe cylinder 
drip , several inches above the bottom of the jacket, 
the levers of the three cocks being coupled together. 

In two cylinders, the steam for the jacket is actually 
drawn from the valve chest, the supply pipe for one of these 
is also surrounded by the exhaust 

There are other minor evils caused by faulty designs, but 
enough has been said to show the necessity for an alter- 
ration in some of the cylinder drawings of modern engines. 

A defect in the design of any other part of .- engine 
would very likely be quickly me vagy be = it oan, - its im- 
perfect action, cripple the engine ; y esigned 
jacket may work untold —, oo or years ; 
it may be that the drainage is faulty, and the jacket is 
acting as a surface condenser, thereby aggravating to an 
alarming extent the very evil it was intended to diminish. 

on conclusion, Iam at a ct iy ——— a the \ 

of engineers the u t) e jacket being so 

diametricall, yo ee I remember the numerous 

abortive jackets that Fey ‘cme under my notice during 
few years. 

Many of the people who denounce them are those who 








ws A 


— ignorant of their function, are unable to d them 
open: and as tested engines that have io cer 
applied | condensers, or otherwise, the un- 
satisfactory p- Be A obtained have not of course influenced 
them to alter their creed. The Editor of this journal, some 
eighteen months ago, very wisely remarked: ‘That to 
secure the advantages of steam-jac it is not sufficient 
to ae oad place around the cylinder a casing that may con- 
tain steam, care must be taken that this jacket always does 
— steam. oe but' those jacket Sosa —_ oF it, 
ow soon @& may in- 
—— by the accumulation of air or water.’ I - aad 
opinion that had all jackets been properly designed and 
plied, their utility would before now me been unive ily 
acknowledged, and no engine would be considered first-class 
unless it were steam-jack 
By your permission, —* Editor, I may at some future 
time give a few instances from practice, showing how the 
jacket may be abused by bad workmanship and inattention, 
and finish by mentioning some of y ~ a necessary 
to insure success. Thanking you for inserting this, 
I am yours truly, 
July 19, 1877. W. M. F.R. 








FORCES ACTING BETWEEN VALVE 
SURFACES. 


To Tux EpiTor oF ENGINEERING. 


Str,—AsI am not aware what deductions Mr. Adams 
will draw from his dogmas already laid down, and to which 
I cannot give my adhesion, I trust he will forgive me if I 

in upon the course of his letters with some few 
criticisms and questions. 

Without dwelling upon his sweeping condemnation of 
all methods of balancing slide valves ot er than his own, I 
will pass at once to Mr. Adams’ inves m of the proper 
Ltt 

e degree of eq ium 

The accompanying sketch is a slightly altered copy of 
that by Mr. Adams, and re; ts the working face of 
the valve, with the circle of the displacement ring inscribed 
within it. The reference letters and numbers are the same 
for each ; I will also adopt the definitions Ft meer and 
negative pressures as given by Mr. Adams. It be noticed, 
see page 69, that the valve is o eae ey poets 
which is, pd ving filled with live s , and the opposite 

rt is in full communication with the exhaust passage. 

Saas says that Pee bbe he and 2 are culjort to negative 


presure mou codtuetas cere Crt en ol “on all 
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the other portions of the valve the forces are equal and 
opposite.’’ This will, therefore, include space 7 ; now this 
space has full steam pressure on the back, and by the above 
must also have it on the face, or in other w between 
the working surfaces. This space is bounded on one side 
by live steam and on the other by exhaust, and in this re- 
spect its conditions are identical with those of space 1, 
which must also, therefore, be subject to negative pressure 
equal to that of the live steam ; by the same reasoning s0 also 
must space 5, for its conditions are again similar. But 
here unfortunately comes a flaw in the argument, for space 
5 falls among “‘all the other parts’’ which are said to be 
balanced, and the positive pressure on the back of this 
space is that of the exhaust only. Space 4 is sabject to 
precisely the same bounding conditions and positive pressure 
as space 7, yet we are told that the former is affected by 
unbalanced positive pressure, but that the latter is in per- 
fect equilibrium. Farther on Mr. Adams proves (to his 
own satisfaction) by recounting an experiment in connexion 
with the ring, that when the surfaces in contact are 
bounded on one side by live steam pressure, and on the 
other by exhaust pressure, the force acting between them 
is less than that of the live steam, but in the same letter 
he credits space 7 with the full negative pressure. Is not 
this rather contradictory ? 


. ZL 
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Mr. Adams goes on to show that the valve has a ten- 
dency to turn upon one of its edges, owing to the positive 
and negative forces not being exactly opposed to each other, 
and thereby forming a couple. This is perfectly true ; but 
as the valve performs its double stroke, the force and leverage 
of this couple are constantly varying, and the couple itself is 
reversed from a right-handed to a left, alternately causing 
the valve to tend to turn upon the edges G H and LM; 
and the maximum moment of the couple in each direction 
is the same. In deciding upon the diameter of the ring, it 
is | py unnecessary to consider the turning action, 
and a knowledge of its amount is only useful insomuch as 
it is a guide to the proper strengthening of the valve, a 
point often overlooked. 

In fixing upon this diameter it has been my practice, 
and I believe that of many other engineers, to make the 
corresponding area equal to that of the exhaust space in 
the valve c, d, e, f, thus balancing this portion and leaving 
the flat surface to take care of itself ; this simply from our 
ignorance of what the negative pressures over this surface 
might be. It has been practically proved that such a valve 
does not fall away from its seat. 

The investigation of the position of the ‘‘ metacentre”’ (?) 
is hardly relevant, and to students I fear misleading. I 
cannot see my way to an agreement with Mr. Adams with 
respect to his conclusion that the whole of the forces acting 
upon the displacement ring may not be considered as being 
directed upon its centre C. 

Will Mr. Adams kindly inform your readers why he 
connects the “ absolute temperature’ of steam with 
the area of the surface of the ring? If he said 
‘* pressure,”’ I could understand. Is there any mathe- 
matical relation between the two properties of saturated 
steam? If so, what? 

Mr. Adams appears to have deduced his empirical for- 
mula from an experiment with a displacement ring. This 
ring is provided at its base with one or two packing rin 
as in a piston, and was held up to its place by a = ly 
strong spring, so that the resulting friction should wear 
away the ring, and in so doing present larger sur- 
faces for contact with the cover of the box, this being con- 
tinued till the upper or contact surface so preponderated 
over the lower or free surface as to cause the ring to be 
blown away from the cover by the pressure between their 
surfaces. If Mr. Adams will favour your readers with 
the area of the upper and lower surfaces, the pressures 
of the live and exhaust steam, the amount of friction 
arising from the packing ring, and the friction due to the 
‘* strong spring’’—which last quantity would, by the way, 
vary as the ring wore away—they as well as he would 
have some opportunity of drawing conclusions and formu- 
lating a rule. 

Mr. Sweet, in his thoroughly practical letter, concludes 
that the discussion has for its object the construction of a 
cheap balancedislide valve. This, however, was ory part 
of my object in writing to you. What I wish to arrive at is 
*-pardon the reiteration—the actual pressures between all 
surfaces in contact, and under external pressure, no matter 
Ee Ln — of which a oe ae, - “ea what 

e nature of the surrounding fluid. is wledge 
would enable engineers to decide where, and precisely to what 
extent, to balance steam or hydraulic slide valves without 
being driven to the cylindrical form; to know how near 
the common double beat valve approaches to perfect equili- 
brium, when under either water or steam pressure; to 
decide upon the true effective area of a closed safety valve ; 


to predict how much additional head of resistance will be 
caused by the clinging of the rubber valves of an air pump 
“ Se ee oes We vacuum will be 
ereby im ; in put a value upon many as 
et wn quantities, unknown, at least, 5 the mass. 


themselves. 
Tam, Sir, yours traly, 
- G, Mason. 
Wiggin-street, Birmingham, July 30, 1877. 


To THE EpiTorR or ENGINEERING. 

Srr,—I imagine that neither Mr. C. G. Major nor any 
other of your readers will be much more tened by 
Mr. Adams’ last letter than by his previous one, on the 
subject on which ve purport to be written. But on 
another subject Mr. Adams does throw a great deal of 
light ; his last effort is nothing more than an elaborate ex- 
hibition of his own ignorance. It is really ludicrous to see 
the amount of ingenuity he exercises in creating a difficulty 
out of a very simple matter. He has the pressure of the 
steam on part of the back of the valve (on an area found 
by subtracting. a circle from « rectangle) ; and two parallel 
unequal forces acting in the opposite direction, caused b 
the pressure of the steam on the ee edges. Well, 
to find the effect of these three forces, he divides the valve 
into a number of irregular shapes, finds the area of each, 
and where its centre of gravity ‘‘ lays’’ (sic), takes moments 
about one edge, and arrives at the conclusion that there is 
a couple tending to turn the valve about that edge. One 
of the many beauties of this method is that by similar 
reasoning you can “‘prove’’ the existence of a couple 
tending to turn it about the other edge. As if this were 
not sufficiently absurd, he gocs on to talk the most utter 
nonsense about ‘“‘metacentres’’ and “‘ the state of in- 
stantaneous balance relatively to the magnitude of the 
forces.’”? What this last may be I do not know, but of 
course the expression has a meaning, or it would not be 
used by the patentee of “‘the ablest invention of the 
present age connected with the details of the steam engine.”’ 

Then, again, a gentleman who knows all about the 
‘** composition and resolution” of the safety valve (vide 
a certain advertisement) naturally understands what the 
metacentre of the slide valve is. 

Let Mr. Adams ask any schoolboy who has reached me- 
chanics, whatis the resultant of the three forces mentioned 
above, which act on the valve, and he will find that the 
**design’’ which they are trying to ‘‘ accomplish”’ is very 
different from what he imagines. He might at the same 
time inquire the meaning of the word ‘‘ metacentre.”’ 

As to the “ law’’ which Mr. Aiams thinks he has dis- 
covered, it is one of the most amazing statements I have 
ever heardor seen. If it means anything, it is this, the 
closeness of contact, #.e., the ratio of the pressure 
holding the surfaces together, to the area of those 
surfaces required to prevent the leakage of a fluid 
past the surfaces, varies directly as the absolute tem- 

rature of the fluid, and is independent of its pressure. 

his is too absurd to be seriously refuted, as is 
his idea that the ring is sharply divided into two parts 
of different temperature, one 137 deg. Fahr. hotter than 
the other. The method given of finding the centre of 
vity of a circle or annulus is truly delicious : You divide 
it into two parts by a diameter, find the centre of gravity of 
each half (to do which it is only necessary to draw a few 
lines at random with a set square) and bisect the distance 
between the points thus found. 

On the whole it is not a little surprising that a letter of 
this sort should have been allowed to appear in the columns 
of ENGINEERING. I appeal to you, Sir, and to your 
readers, whether it is fair to Pwnch and other comic papers 
that effusions of such a nature should be inserted in a 
scientific journal. 

I am, Sir, your obedient servant, 

Greenwich, July 30, 1877. C. A. 

To THE EDITOR oF ENGINEERING. 

Srr,—The first reply to this discussion has come all the 
way from America, thanks to Brother Jonathan. Pro- 
fessor John E. Sweet at once replies that the valve shown 
by me is exactly like his experimental one of 1872. My 
reply is that my patent for that type of valve was dated 
1862, ten years before the professor’s. I was not aware 
until I read Mr. Sweet’s letior that Porter used that type 
of valve in the Allen engine. I always considered it was 
Wilson’s, of Patricroft, Manchester, that ‘Porter patented, 
and it was older than 1862, for it was old enough for the 
patent to be run out when Porter picked it up. 

The professor then rushes on to tha practical difficulties 
attending this valve’s application in practice. I did not 
mention any, because it was not exactly the question before 
a although it would naturally fall into the discussion in 

e. 

The faults to this valve are very grave ones. There is 
however no difficulty in fitting a parallel block to move be- 
tween two rigid parallel su steam tight at 150 lb. 
pressure. But let this valve be set to work in the loco- 
motive. It will work all be dye when steam is on, but let 
us come to run down a bank of about three miles or more 
in | h, the driver will find that the connexion between 
his valve and eccentric been atits weakest part, 
for as soon as steam was shut off the valve did just touch 
gently the two parallel faces, and as it did just and 
move, so did it create a little friction, that friction created 
its equivalent of heat, and that heat was taken up by the 
m in contact, and the valve expanded outwards, and 
the faces of the cylinder and the opposite face inwards, 
until they jambed fast, and the spindle was carried away 
long before he got to the bottom of the bank. This valve 
has worked for seven years in a steamboat, but not tight. 
It will not however work a week in a locomotive steam- 





tight, and_now having got it | , let the driver of an 
express train round a curve on the line, and suddenly find 


To this broader end I hope your correspondents will address | will 


aot balansed. valve thes San-cuse hone. donanet, ; 
ew words now on the professor’s valve. , like 
most other writers, skims his only, 
and does not deal with enpe R nag ege Had he have 
Gores ws dimsnsions af hae aot face, valve, and loose 
k plate and pressure, I would have sent his valve back 
to him, worked out to a pound weight of force. 
what he ought to have done and sent to you, but si 
has not given that information, I will assume dimensions 
for myself and his back plate to them. Take a 
modern locomotive valve dimensions as follows: 
Exhaust port 3 in., inner bars on — face 1 in. each, 
x m ports 1} in. each, outer i 
in. each, outside lap of valve 1 in., inside lap nil, bars 
end = ge liga length of port 16 in, F 
Any slide valve witha cavity under it, or a valve like the 
professor’s with the exhaust cavity through it, and the top 
— of the cavity formed by the back plate, as in Mr. 
weet’s, and exposed to the initial pressure from the boilers. 
If that me He equal to or ter than 34 per cent. of 
the.area of the valve, then that valve will not float on the 
fluid skin of the surfaces, but will by this 34 per cent. or 
upwards of area be pressed together into molecular con- 
tact of the surfaces, and work under all the disadvantages 
of friction due to the load im le 

Now the valve selected is 18 in. long by 10 in., equal an 
area of 180 square inches, and the exhaust cavity is16 in. by - 
6 in., equal to 96 square inches equal to 53 per cent- of the 
total area of the valve, and ‘ore certain to work under 
the condition of molecular contact of the metals producing 
friction. This is only for one surface, and the professor 
has two surfaces to his valve ; whatever there is between 
the valve and cylinder face, producing friction, there is the 
same between the valve and back plate, so that 53 multiplied 
by 2 is equal to 106 per cent. is, therefore, 6 per 
cent. more friction-producing surface in the professor's 
valve then there could be in a common valve, with nothing 
at all except the steam on its back. 

I have not gone into the decrease of pressure in the true 
and false ports — the periods of expansion, exhaust, 
and compression, while during these periods there is a con. 
stant initial force on the back plate. If that be done, it 
will give fully 10 per cent. more friction to the professor's 
valve. Enough has been done for the present. I will bo 
entertained on hearing from the professor again, which I 


hope to do. 
Tuomas ApDAMs. 
Works of the ‘‘ Ant and Bee,’’ Manchester. 


oe 





To THE EpIToR or ENGINEERING. 

Srr,—I am glad to see the hitherto insoluble lien of 
slide valve ing taken up and so ably settled by the 
philosophical author of the able invention conn with 
the details of the steam engine, viz., the renowned spri 
safety valves. Like the seventh ‘‘ specific property”’ =| 
by his safety valve, Mr. Adams’ promulgation of his new 
law is rather difficult to understand. I should, therefore, 
ask Mr. Adams to make the following parts of his dark 


treatise a little plainer. 

1. In reference to Fig. 2, will Mr. Adams eee ae us 
as to the use of the circle D EF? As after being described 
— radius I do not again find it re- 

2. Without going into the more abstruse part of the 
demonstration which is to lead to the abolition of friction, 
will Mr. Adams let us know why he proceeds to prove a 

i valve not to be balanced, and finishes by re- 
marking that he has succeeded in displacing the greatest 
quantity of steam from the back of valve? 

8. The law deduced is likewise not quite clear. How can 
the multiplication of area by (?) absolute temperature give 
proportionate force ? : 

4. How does the metacentre come to be the distance 21? 

5. What is meant by the surfaces of metal moving against 
a heated fluid. ‘ 

6. In to Fig. 3, which is called the ‘‘ method of 
arriving at the area of top side of ring R,”’ we have among 
other peculiarities of expression BC, as awis to semicircles, 
also we have a convenient datum line for leverage caleula- 
tion, I F pore 9 upon the principle of a “slide rule.’”’ I 

. Adams has been rather unfortunate with his 
diagrams, as I fail to find the letter N in Fig. 3 to assist 
in nothing of ones BCN and ECN. I presume N;, stands 
for N, and N, for N,. 

7. What is meant by “‘ the temperature of initial posi- 
tive force ?’’ 

3. Fig. 2 is likewise somewhat hazy. Neither do I 
understand the meaning of the two small circles marked 
hole, unless they be for thermometers to ascertain 
the absolute temperature of the tive exhaust force. 
The calculation of the area of to of ring R is to me 
so utterly incomprehensible that I have no doubt but Mr. 
Adams will excuse me “discussing it usefully’ till he 
somewhat clears up the mystery by greater accuracy of 
ey ; eae 

ut for the severe admonition that wilfal or saving 
tres rs would be prosecuted, I stent not have betray: 
my ignorance, but as it is I venture to look forward to an 

i i letter upon “The 
with great impatience. 





e nm, and to the 
Piston” 
Darone, 
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ETE parison based on the 5th power of the dimension, but making 120 revolutions per minute. And as it happens 
jain A NEW hj ta oh - Power De. | #80 furnish a starting point by which to quanti the a that, as already mentioned, the reaction of the instrument 
™ @ ne, Sees of Large Ships.* nee Se ee ee oe to deal | varies as the square of its speed of rotation, and the horse 
ivered ss naaees ye “ with any given horse power, delivered with a certain | power deli through it consequently varies as the cube 

By Mr. Wi1114m Frovps, F.B.S., of Torquay. number of revolutions per minute; and it thus appears | of the s: of rotation (that is to say with a given setti 


(Concluded from page 68.) 

HAvrinea now traced the modus operandi by which the 
reaction is produced, and having seen that with an instru- 
ment of given dimensions the reaction will be as the 
square of the speed of rotation of the shaft to which it is 
attached, it is n to show that (1) an adequate 
amount of total reaction can be uced by an instru- 
ment of conveniently limited dimensions ; and that (2) an 
instrament of given dimensions is governable as regards 
its reactions, fiat is to say is capable of being made to 
produce at pleasure a greater or less reaction with a given 
number of revolutions, so that within reasonable limits 
the same instrument shall be capable of dealing with 
engines of great or small power, allowing each to make its 
proper number of revolutions. 


, B 


that to command the measurement of 2000 horse power 
delivered with 90 revolutions per minute (a fairly typical 
8 for the power), an instrumént of the dimensions 
shown in the accompanying drawings will suffice: the 
turbine being 5 ft. in diameter, and being in fact a dupli- 
cate turbine, or formed with two faces, with a double- 
sided casing to match. This two-faced ment (see 
Fig. 6) it may be added, while it supplies a double ciream- 
ferential reaction with a given diameter, has the advan 


of obliterating all mutual thrust on the working parts ; the 
centrifugal forces of the double set of vortices pressing 
with equal intensity on the two internal opposite faces of 
the rigid casing. 

As regards conditicn No. 2, the theory suggests that, 





by contracting the internal waterways, that is to say the 








SCALE OF FEET. 
a a 

















of the shutters), and as moreover this law of variation is 
somewhat the same as that which the engine itself ex- 
periences when propelling the ship under natural condi- 
tions, it follows that the same setting of the shutters which 
suits a given engine when working with its highest speed 
and power will also approximatzly suit it when eased down 
to its lowest. 

It seems, therefore, that alike as to the dimension of 
instrument suited to engines of very high power, and as to 
the adaptability of a given instrument to engines of greatly 
= wer, the requisite conditions are satisfactorily 

The discussion thus far has dealt only with the hydrody- 
namical reaction which the combination involves, and in a 
theoretical point of view this is sufficient; but as the prac- 
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Fie. 4. 


As 7 Rgerteener Mel the theory shows, as will 
appear in appendix, that comparing two strictl 
similar but differently dimensioned instruments, their 
respective ‘‘ moments of reaction ’’ with the same speed 
of rotation in each, should be as the fifth powers of their 
Boe > iment. Th 

is proposition is ou experiment. e 
walter then bad 6 gale of clailer instruments made, in 
which the turbine diameters are respectively 12in. and 


9.1in. Now (12) =4, and accordingly the ratio of 


9.1 
the moments of the two instruments at a given speed of 
turbine rotation should also have been4 ‘The ratio was 
in fact 3.86; but the small difference is referable to the 
circumstance that in the r of the two instruments the 
internal surface was rather smooth and the friction of 
the water uently rather ter than in the other. 
The data thus obtai not only verify the scale of com- 














* Paper read before the Institution of Mechanical En- 
gineers at Bristol. 





things 
a 


ticipation also, and proved that, 
arrangement shown in the drawings, 


fect graduated 
pone A armen the object 
from recesses in the i 


the 
intensity of the reaction is thus a 
easily under command ; and in virtue it, it follows that | 
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passages through the cells in the turbine and the casing, Pare d involves some 
and thus intercepting the free vortical rotation, all other | ordinary mechanical reaction, due to friction in its working 
remaining the same, the moment of reaction due to | parts, it is well to point out that this, while it is of rela- 
tively small amount, is in effect wholly incorporated with 
| the hydrodynamical reaction, and will thas be legitimately 
taken account of ; in fact the frictional reaction on the 
screw shaft will be precisely equalled by the action on the 
cas 


ey speed of rotation could beuty reduced. } 
he experiments with the m fully bore out this an- 
by the very simple | 
e reaction with any | 
iven speed of turbine rotation can be reduced with a per- 
ion in any required ratio down to | 
being effected 


along the 


between the cells and casing cells. 


The | 


he instrument represented in the drawing, which as 


horse power, ing 90 revolutions 
capable of dealing with one of only 340 hi 


by advancing, 
: quite ahonsh of the Wwe enpedie to be dynam: ing, 
quadrants in each turbine, a lunette-shaped sliding shutter | to submit the engine to a restraint equivalent to that o! 
of thin metal, so fitted as to be earried forward i - 


- (by ascrew | o 
motion governed from the outside) 
turbine 


bliging it to win 
visional | depth, it remains to be e 


tical application of the instrument 


ing. 
Having thus shown how the moment of rotation of the 


screw-shaft is wholly communicated to the casing which is 


prevented from ec oe and is th 


up a weight out of « well of indefinite 


in detail how it is pro- 


posed to carry out the operation in dealing with any 
ht completely and | gi 


iven ship. 


P 
In the first place, to render it easy to connect the instru- 


‘ d ment with given screw-shaft, the boss of the turbine 
already stated is capable of dealing with an engine of | sunth be heeel aus to a diameter considerably larger than 
minute, is | that of the largest shaft to which it can have to be 3 
horse power, | and to fit it to a given shaft, ternal 


an in! or 
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“‘adapter’’ must be prepared, which will fit the interior of 
the turbine boss and the exterior of the screw-shaft; and 
a proper keyway will be required for each fitting. The 


turbine thus mounted will “‘ run true’’ on the screw-shaft. 


The ship, before she leaves the dock for the trial of her 


machinery, will have the instrument mounted as described, 


in place of her screw (see Fig. 5). 








The casing will be pro- 








duct of two factors, ‘force’ and “‘ leverage,” of which 
(that the product may have its proper value at each in- 
stant) the one — as the other, it is plainly 


a question to yc ore Z of convenience, 
whether the record shall the shage of a lange foree de- 
livered at short leverage, or vice 


it is quickly seen that the foree-factor will prove incon- 
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i. Bh fF | 
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vided wit proper apertares, capable of being lod twill | 


egress of the ingress of water as the 

casing will thus be in a condition to receive 
—- rotation delivered by the screw and commu- 
* moment’’ to be recorded is regarded as a pro- 














sd ies anda of “s circumference of 
ana that it is desirable for several reasons that 
to develop ee ee 


it should | 


the design was calculated to deal with, was stated to be 









2000 horse power, ee ee een gee inal; 


The lever will be fixed to the casi 
is filled, its construction is suc 
— and “ i 


i an 
strong cantilevers or brackets; and she will be secured 
head and stern so as to prevent f 
ment, > Aad sae neg etme pee = ug 
The arrs arrangement of the dynamometric aj 
Fes no difficulty. The form which is s 





. 7, 8, and 9 has been pretty carefully pisces ooh 
though of course — to improvement, it would, 
the writer is confiden pe its 


as it stands. 
In this, the en pull deli 


the lever ope- 
rates vertically on the middle of a flat horizontal steel 


nee which is su} hope both ends; and it is 
Sw aera so to the spring that its maximum 
~ ar amg 8 be aa it in. Different 
however would be pret e for engines if of a Pate 
different power. 
Immediately over mes 8) wil stand a Pye frame- 
Ps two types of 


, both of which ‘i however 1% actuated by the 
end of one and the same “‘feeler’’ or vertical 
tper end will herp to them the vertical elastication of 
the middle of the oolee? on which point its foot rests. 
“y “tne “e will govern the position of 
an “‘ integrating "wheel,”” wor 


Fo mecuene $b meng 
aise, somewhat in the manner of Ashton and Storey’s con- 
tinuous steam indicator. The rotation of the disc will be 
made p ionate to that of the screw-shaft, being com- 
municated by a ic universal j - spindle, which 
takes its motion from the shaft by el gearing. When 
there is no stress on the lever, and no elastication of the 

, the integrating wheel will be adjusted to touch the 

at its centre, and thus will receive no rotation, and its 
count will be zero, whatever seal by of rotation of 
_ disc. When the spring is by the lever, the 
ure of the integrating w disc 

be proportioned to tin and its rotation and its 
count will be the product of the strain and the rotation 
other words, the ss po] 


speed of the disc, or, in 
by the casing 
the speed of the screw-shaft ; that is, the work done by 


moment im 
by, shaft. 
of the ‘‘feeler’’ is to actuate the 
ry : arm of # lig light bell-crank, bor Speen mardi 
w means of a long horizon’ connecting- 
: freely along a a straight line, while 
is independently moved = 


h of 
per, like sine of the sees noe Be just ss will be 
ived from the rotation of the screw-shaft. A stationary 
mpanion pe jan wil taaee ah: the qapine: sieiebatiinane 
Ties ae tl a as wets 
en teins tee 
pen us a diagram, the 
Bt see Sarees » tuesenpeds aera 
area of wi like the count of the 

wheel, moment on 
sand the aren of which ike t on the 
of the screw-shaft ; that is, as before, 


at 
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the effects of i fell enuk for moquitying motion of O and conveying it to most inexplicable facts that their meneieeaye We 


eiligee eteens, shoul any be introdaved, by 
ge oe ship 
whole dynamometric apparatus would be covered 


ring it it into operation. aa ‘ 
While a dynamometric trial is in p , 
indicator diagrams should be taken at short intervals of 
time ; a comparison between the indicated horse power as 
determined by these, and the delivered horse power as de- 
termined by the dynamometer, show how much 
wor is wasted in the working of the mac between 
he cylinders and the end of the screw-shaft. e@ waste 
thus measu: be on isely the same peer A. 
that which would subsist while the engines were propelling 
regards two particulars, (1) the frigtion due te, the thrust 
3 two i , (1) the friction due e thrus 
of the serew ; (2) the difference of friction in the bearin 
which carry the screw-shaft, between that due to the 
weight of the screw on the one hand, and on the other to the 
weight of the turbine and casing substituted for the screw, 
coupled with the side strain of the lever, which, whatever 
it be, is a lifting strain, tending to diminish the effective 
weight of the turbine and casing just mentioued. It will 
not be ‘difficult to apply a calculated correction to the effect 
of both these circumstances. i 
Reference has previously been made to the amount of 
heat developed by friction in the friction brake, as pro- 
bably the most formidable of the objections to its employ- 
ment when the horse 
that now contem lo 
the absorption 
ment that has been described will fail to be converted into 
the same amount of heat here also. The dynamic theory 
of heat is believed unquestionable as a theory, and the 
quantitative relation of work and heat is known with cer- 
tainty within far narrower limits than deserve even to be 
mentioned in reference to the a subject. Athough 
however the extinction of — power will in fact 
here, as well as in the friction brake, consist in its conversion 
into so many units of heat, the circumstances of the con- 
version are entirely different in the two cases, and the 
difference is such as to obliterate here the inconvenience 
which was fi t There, the heat was 
to be dealt with as constantly developed between sur- 
faces in close contact and inaccessible to water. Here, it 
will be making its a ce in the body of a mass of 
water; and though rapidity of the development will be 
so great that the whole contents of the casing would be 
quickly raised vateney fey +p heat had no escape, 
yet, in the first place, is a considerable refrigerati 
power always at work, since the whole easing is envel 
in cold water, and moreover there is no di ty in creating 
a constant change of water within the casing sufficient to 
keep down the mean internal tem ture to any limit 
which ants thought proper. For instance, when the in- 
strument is dealing wi horse power, the temperature 
would be kept well below the a in each minute 
8 cubic feet of cold: water be substituted for the same 
quantity of the hot contents of the casing, nor would the 
exactness of the dynamometric action be in the smallest 
de impaired by the substitution. 

t is perhaps superfluous to recapi in detail the 
Se which would be —_ from = — of 
submitting marine engines to dynamometric trial ; but they 
may be summarised briefly. It is certain that a very large 
but u d t of power is wasted in friction and 
otherwise, between the cylinders and the propeller ; and 
that the amount probably differs, both in respect of dif- 
ference in type of engine, and in respect ness of 
construction and workmanship. The chief difficulties which 


But it must not be sup; that 





thus arise are as follows : 
1. The speed a 8 given ship, driven by a given 
indicated horse power, fails to measure discriminatively the 


——— ship. of tenting which » del 
2. No means exist of tes which type of engine deli- 
—— the largest proportion of the power which it indi- 
cates. 

3. No test exists by which to measure concisely the spe- 
cific constructional merit of this or that engine, or to 
determine the relative constructional merit of the engines 
supplied by different firms. 

The dynamometric test would remove at once each of 
these difficulties, by substituting a final and real test for a 
collateral and to a large extent a delusive one. For to 
rely exclusively on the test furnished by the indicator is 
almost equivalent to testing the power of a horse solely b 
the quantity of food he consumes and digests, or the effi- 
ciency of a solely by the quantity of coal per hour it 
will legitimately consume on its firebars. 


The following is a list of the reference letters on Figs. 5 
to 9 and the parts to which they refer: 
Screw shaft. 
B. Turbine, 


. Diaphragms. 

. Sliding regulating shutters. 
Screws for moving E, governed by telescopic rods actuating 

bevel gear controlled from ship's deck. 


ding casing. 

1 qmmaneting G with dynamometric sapere. 
‘e-edged gimbal for strain of H to spring. 
Framed radius for guiding K and eliminating oblique strains. 
. Dynamometer spring. . 
- Suspension links carrying the ends of M. 
Feeler conveying elastic motion of M. 
Telescopic rod taking rotation of screw-shaft by bevel gear 

and communicating it to integrating apparatus. 
. Motion axis of integrating apparatus governed by O. 


Op > 


EMRES 


N 
oO. 
P. 
Q 


wer to be dealt with is as large as be di 


the same amount of work in the instru- F 


paper cylinder. 
T. Paper cylinder ed motion of O. 
The integration of the record given by T is com- 
parable with the automatic integration given by R. 
U, Shed covering integrating ap tus, 
V. Timber framing carrying 5 U. 





A NEW FORM OF INDIA- 
INSULATED WIRE 
To THe EprTror or ENGINEERING. 
Srr,—In the year 1861 when examining the effects of 
oxygen and oxidising agents on masticated or manufactured 
inl cothon I was induced to try amongst other sub- 
stances bromine water. Instead of the india-rubber becom- 
ing soft and sticky, I found that after some time the solu- 
tion became colourless, whilst the india-rubber had undergone 
apparently no alteration except being darkened in colour. 
Some time afterwards I repeated the experiments, using, in 
order to obtain a stronger solution of bromine, a solution 
of this substance with bromide potassium, this solution 
was completely discoloured after a few weeks, and the 
india-rubber had become hard and brittle. 
I then tried the effect of iodine, which I found produced 


UBBER 


a similar c in about the same time. Subsequently I 
extended my o tions with chlorine, and I found that 
bromine, iodine, and chlorine, instead of oxidising — 

eren 


= in contact with water, produced a totally 


ect. 

The india-rubber could be tested to a tolerably high 
temperature without undergoing any deterioration what- 
ever. It had completely lost its tendency to dissolve when 
treated with the well-known solvents of india-rubber, and 
the existence of free iodine, ine, or chlorine could not 
etected by any chemical test. 

I showed these specimens to Professors Miller and 
rankland, who were at Mitcham go onan investiga- 
tion at Mr. Hooper’s India-Rubber rks, 
yen of a lawsuit which was being carried on between the 

orth British Rubber Company and Messrs. Silver and Co., 
in reference to the supposed infringement of a patent for 
the manufacture of vulcanite, or, as it is sometimes called, 
ebonite or hard rubber. 

These specimens were examined as great curiosities. 
These very pieces of india-rubber are before me whilst I 
am writing this letter, and are to all appearance as sound 
as they were 14 years ago. 

In 1868 I elaborated a series of experiments with ‘the 
view of determining the practicability of producing an in- 
sulated telegraph wire by means of these agents. A No. 16 
tinned copper wire was covered with two lappings of india- 
rubber tape, which were consolidated by means of boiling 
water. About ten yards were placed in a solution of iodine 
in iodide of potassium, anda similar length in a solution of 
bromine in bromide of potassium for a few hours. They 
were then dried and heated before a fire to test their 
altered condition. They iwere then placed in water and 
tested electrically. These very crude and roughly made 
lengths gave a loss of about 10 per cent. in two minutes. 
After being tested in water for about a week or so, they 
were put aside until in 1871 I happened to meet with them 
again, when I thought it would be interesting as well as 
furnishing a test of their durability to place them in water 
again, and note their loss of as before. I was cer- 
tainly surprised to find that th remained so constant 
in their electrical condition that as far as the comparison 
would admit, not the slightest difference was perceptible. 
The ends were then ully sealed, and the coils 
in water under a pressure of 600 lb. to the square inch, and 
kept in this way for four hours. The lengths were too 
short to allow of ends being brought out for testing whilst 
under pressure, so that they were taken out and tested in 
the same way as before, when it was impossible to perceive 
any change detrimental to its character for endurance 
either electrically or mechanically. 

The dielectric resist of these coils was found to be 
in 1875 over three thousand hms per nautical mile. 
This determination was made by comparison with the 
longer length from which these two lengths were cut. 

In 1872 a length of 100 yards of covered wire, which I 
received from Mr. Henley, was acted upon by the chlorine 

rocess, it being previously consolidated by heating in a 

ry oven for one hour at 260 deg. Fahr. his wire con- 
sisted of a strand of seven No. 22 tinned copper wires coated 
with two laps masticated Para rubber, the weight of 
rubber being about 35 1b. per nautical mile. This wire 
tested well, and was laid in a dry cupboard until the 
latter part of 1874, when I thought it would be a means 
of testing its po syey brs general purposes by giving it a 
trial on “= tropics. 

For eleven months this wire, as well as two lengths of 
those wires made in 1868, one being treated with iodine, 
and the other with bromine, were ae ay on board ship, 
most of which time in the ics and West Indies. 

On my return to these wires were carefully 
tested again in water, results being so very satisfac- 
tory, that I exhibited them, with other specimens of more 
oot date, at the soirée of the Telegraph Society in 

Ican confidently state that no form of insulated wire 
exists which 5 gg this in durability. The con- 
necting wires which were used in the testing-rooms of 
the s.s. Hooper, and s.s. Great Northern, were fre- 
quently renewed during the expeditions, whereas a short 
length put into use for mere curiosity, behaved so well, 
that I sufficient on board I have employed it 
for all the more important connexions. 

In consequence of the very extensive failures in india- 
rubber wires, especially those employed for land work, I 
was led in 1871 to secure this invention by a patent. 


for the pur- 














Subsequently to 1871, ary | failures with vulcanised 
wires were so frequent, that it is to my mind one of the 





My engagements with Hooper’s Telegraph Works, 
Limited, prevented my bringing these wires ge veer 
forward, and my absence from land for the following 
year, gave me no opportunity of continuing my experi- 
ments. 

The writer’s long acquaintance with india-rabber in 
every form in which it has been employed for insulating, 
enables him to with more confidence on this new 
treatment of india-rubber, as being a step in advance of 
anything yet accomplished by any manufacturer. ? 

At the present time the durability of a wires 
cannot be too freely discussed, since the dependence which 
is gradually placed on the torpedo defence of harbour or 
coast lines must be seriously jeopardised unless a reliable 
insulator for torpedo cables can be produced. 

The interest in this subject is enhanced by the considera- 
tion of the peculiar suitability of india-rubber for this 
purpose being more than counterbalanced by its terribly 
treacherous behaviour. 

It is well known that vulcanised rubber cores as at present 
manufactured, cannot be transported from one place to 
another after they have been made some time without 
being kept under water. Now this is certainly not an easy 
thing to be done, and the longer such cables have been 
kept under water, the shorter is the time required for 
ag to the air to develop some very uncomfortable 
aults. 

Those who have charge of torpedo stores will do well 
not only to test their cables electrically now and then in 
water, but to test them by exposure to the air occasionally, 
for I have met with many instances where lengths of wire 
have tested very high in insulation when newly made, and 
appear quite satisfactory when kept in water even for 
months, and on exposing these wires to the air, they have 
become absolutely useless for any electrical a Froese, the 
time of exposure not being — than would be required 
for shipment to Besika Bay or India. 

Torpedo cable must of necessity be liable to the changes 
imposed being kept dry and wet, consequently any 
material which stands this test without any electrical de- 
terioration must recommend itself for this purpose. 

The singular behaviour of this wire when to the 
sun and weather, makes me believe that it is ‘abso- 
lutely imperishable, and when protected with suitable 
armour either wires, hemp, or tape, its mechanical fitness 
for any description of telegraph work is in no way sur- 
ay any insulating material with which I am ac- 
quainted. 

A — = of this wire was exposed to the sun and 
weather for the last twelve months, on a lead roof exposed 
to the full glare of the sun, and when tested afew days 

showed no deterioration either in its electrical or me- 
chanical condition. Two miles of this wire have been 
used by the Telegraph Exchange Company for leading-in 
wires and other exposed places where the durability of such 
work meets with its severest test. , 

It may be worth while to state that from the absence 
of sulphur or any other substance in the rubber which is 
free to attack the copper, tinning the wire is not required, 
this, whilst it reduces the cost, secures the non-liability of 
the conductor to become brittle. The insulator remains 
permanently stretched when strained, so that when the 
strain on a core is removed, the permanent elongation of 
the copper does not cause it to protrude or knuckle up as 
with vulcanised rubber cores, and followed very frequently 
with loss of continuity and ends sealed up. 

Tomas T. P. Bruck WARREN. 





Coorrr’s Hiut Cotuzez.—We hear that a strong 
protest has been sent up to the/Supreme Government by 
the Lieutenant-Governor of Bengal against the exclusive 

rivileges granted by the Secretary of State to the Cooper’s 

ill engineers, if not inst the Institution itself, as a 
costly encumbrance to the State. It seems almost im- 
— in view of the facts we have lately stated, that the 

per’s Hill , admirable rem, peewee though, 
as such, it unquestionably is, can long be maintained on its 
present footing as pomme the engineering service of this 
country. But an incidental matter, and one which calls 
for even earlier solution, is the question raised in what is 
known as the Civil Engineers’ Memorial, now we believe 
before the Financial Department, preparatory, it must be 
concluded, to its transmission to the India Office. We 
have nothing whatever to say inst the concessions re- 
cently made to the Cooper’s Hill men in the matter of 
furlough and pension, far from it ; but to dream of denying 
similar concessions to their colleagues who entered Govern- 
ment employment independently, seems monstrous. — 
Pioneer of India. 





THE CoMMITTEE ON BorLERs.—The bulky Blue-book of 
evidence taken by the Admiralty Committee on Boilers just 
issued, does not represent the most valuable of their publi- 
cations—some of the a ices already laid before the 
Board of the Admiralty containing information of consider- 
able weight in reference to boiler corrosion and riora- 
tion. The evidence of witnesses on such a subject where 
little was definitely ascertained is necessarily conflicting, 
and the committee have acted wisely in discarding for the 


most part all of it, or at any rate in proving its value by 
subsequent iments and trials. _ oom of these are 
com; R some are in progress, chiefly we believe 


es en ee ee i 

committee is meg | desired, for the feeling is general, 
that by this time they should have succeed reaching 
some definite information on the subjects before 
are glad to learn that this 
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“6 ” these authorities began as energetically to prevent | Lambeth, 3.1; Che 8.5, and Southwark, 4.1- 

soa SREEE FOR. ERGIERERING, as they now seem to be in remedying evils, these | All the ‘water supplied from the ; named 

GLaséow: William Love. latter would never have existed. But most of the|in italics above are derived from the Thames, 

Epinpunen : John Powe ecg imi gape local and even governmental authorities in England | and it requires not much science to ive how 

vee oM: P. Baily, 37, yap admire and practise the laissez fairs system, andcon- | inferior the supply is, the Southwark containing 

Kirkland and Cope, Ostend. sequently await with folded arms the result of their | from eight to ten times as much organic matter as 
Umrrep Sta’ policy. So soon as they find this out as erroneous | those of Tottenham and the Colne. 
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THE THAMES AND THE LEA. 

For the last quarter of a century the Thames and 
the Lea have been sources of trouble to the inhabi- 
tants of their banks, to their Conservators, and, in 
fact, to everybody who has had to deal with them. 
By nature they were intended as the source of 
sustenance, carriage, and pleasure. But by artificial 
means they have been converted into unnatural 
sewers, the more dangerous because they cannot be 
covered over, and therefore the more capable of 
producing all the evils of disease, 

The banks of each are favourable places of 
residence and resort, but within their m litan 
area those banks are a necessity not only for inhabi- 
tation, but also for factories, warehouses, &c. The 
temptation to cast all refuse from these was too 
great to be resisted, and consequently, as these cir- 
cumstances have, during the last quarter of a century, 
enormously increased, so correlatively have the 
nuisances thus engendered. So long as it was 
possible, these were borne; but eventually human 
patience and health were exhausted, and some 
amusing attempts made some twenty years ago to 
a the disgusting state, at least of the Thames, 

y throwing some cart-loads daily of lime and 
chloride of lime into the river to “purify” it, 
which had as much success as the fabulous attempt 
of emptying the sea by a teaspoon, a serious engi- 
neering work was undertaken, that resulted in 
intercepting the metropolitan sewers, and by com- 
bination discharging their contents into the e8, 
of the northern side at Barking, and of the southern 
at Crossness, a little below Parking and on the 
a timer charactor dealing with the sewage of the 
a r i i es of the 
West End of London was completed last : 

The Thames and the Lea are, and long in been 
under the paternal care of Conservators, and had 





they rouse to activity; the couris of law are put 
into action from the High Court of Chancery down 
to the county court, and vem! after a great 
flourish of trumpets matters calm down and things 
for a time are left to their fate. ‘This in 1877 is the 
fate of the Thames and the Lea. 

Let us refer to the report of the authorities of 
each of these Conservancy Boards as to the state 
of matters at the presentdate. Captain Flower, the 
able engineer of the Lea Board, in a communication 
to the conference held by the Scciety of Arts early 
last May, gives the following account of that river 
from its source to its outflow into the Thames. At 
the head of the Lea, Luton, Bedfordshire, a better 
state of things is fast coming into operation. The 
sewage, 2,000,000 gallons daily, is clarified and 
deodorised. Hertford, formerly the show-place 
of the Phosphate Sewage Company, which has re- 
cently presented a petition for liquidation, has 
ceased to treat the sewage, consequently the affairs 


?/are bad. Ware remains as it was and intends to 


continue so; Hoddesdon treats its sewage and pro- 
duces an abominable stench ; Broxbourne, Waltham 
Abbey, and Cheshunt present no encouraging 
features, and at the Royal Small Arms Factory, 
Enfield Lock, is a sewage farm described as “‘ Sewage 
Sick.” Enfield remainsasit was, Edmonton seems 
progressing a little, but Tottenham, which has been 
the scene of trial of nearly every sewage process, 
appears to follow the Greek proverb of “ hasten 
slowly,”” a somewhat severe sarcasm on some half- 


dozen of precipitation companies, who all with an | P: 


exception or two have fallen into grief during the 
last two years. 

We next arrive near the Thames—West Ham, at 
the outlet nearly of the Lea. Of tiiis place Captain 
Flower remarks that it has a population of nearly 
100,000. The metropolitan sewers canhot take 
their sewage except at a cost which the ratephyers 
consider impracticable. No advance has consequently 
taken place, only two small tanks exist at the out- 
fall in Canning Town, and in these the authorities 
are trying to treat the sewage or part of it. The 
following are Captain Flower’s own words as given 
in his report of last May: ‘They are havin 
another trial at the lime process with the us 
result ; the fearful stench about the pe where 
the slimy, undryable sludge is spread, is something 
horrible, and if the West Ham Board wanted to 
prove by demonstration that Canning Town was not 
a site suitable for treatment of sewage by chemical 
means, they could not have done better than 
create the present abominable nuisance. ‘This place 
is increasing, and the nuisance is unpardonable.” 

We next turn to the Thames. The Thames Con- 
servancy Board report just issued informs us that at 
Oxford, Abingdon, and Windsor, works for the 
diversion of the sewage are in progress, and that at 
Reading such works are nearly completed, and that 
despite delays caused by recent floods, all 
above the intakes of the metropolitan 
panies will soon be diverted from the river. 

It is high time that such was the case considering 
that this ‘‘ progress” has been going on at snail’s pace 
during the last seven years, and more y be- 
cause at the present date, or at least at the end of 
June last, we find from the Registrar-General’s 
report that out of a total supply of water to the 
metropolis of 132,570,858 ons per 7 Posey 
were 67,349,512 derived at above Teddington, 
namely, at Hampton, &c., which was simply the 
dilute sewage of the towns on the banks of the 
Thames from Hampton to its source, including 
the large towns above mentioned. The eae 
so supplied are the Chelsea, West Mid 
Southwark and Vauxhall, Grand Junction, and 
Lambeth. In a letter dated June 26, 1877, and 
addressed to the Registrar-General by Dr. Frank- 
land, it is stated that taking the average amount 
of organic (that is poisonous) impurity contained 
in a given volume of water supplied by the Kent 
Company (from the chaJk) during the last nine 
years as unity the proportional amount of equal 
volumes of water supplied by each of the follow- 
ing companies in June last, was as follows: 
Tottenham, 0.4; Colne Valley (from chalk), 0.6; 
New River, 1.3; Kent, 14; Grand Junction, 2.5; 
West Middlesex, 2.6; East London (Lea) 2,9; 


com- 


sewage | y 


Below the tidal stream of the Thames, which ends 
at fhe 2 te Lock, the whole of the towns, 
Kingston, ton, Richmond, Brentford, &c., 
still empty their into the Thames, of course 
sending it down the tidal stream through London 
to any place up to the Nore, It is promised that 
this nuisance shall be speedily abated. And cer- 
tainly some steps have been taken towards that end. 
The Thames Conservators have got all these places 
within the teeth of the law, but the High Court of 
Chancery have mercifully, but perhaps justly under 
the circumstances, shielded them by its protection. 
The Local Government Board appointed Colonel 
Cox to age into the advisabil y of uniting all 
or some of the places into districts, for the general 
or separate treatment of sewage by them. No de- 
finite plan has yet been decided on, but still great 
advance has been made, and it is by no means impossi- 
ble that in the course of next year some decision will 
be arrived at by means of which all the sewage of 
the towns between Teddington and the metropolitan 
limits will be. in course of some kind of systematic 
treatment. 

We next turn to the Thames between Fulham 
and Barking and Crossness, the outfalls of the me- 


tropolitan sewage. It is almost needless to state 
that the sewage of the north and south of London 
is now carried by the main drainage system to the 


outfalls above named, the previously remaining link 
for the extreme west of London having been re- 
cently completed by the pumping station near 
imlico. But still the river between Battersea and 
Blackwall is in a bad condition, As far as West- 
minster Bridge the water has usually a yellowish 
tinge, but between Westminster and Limehouse 
there is a continually oscillating mass of water so 
replete with suspended and dissolved organic matter 
as to make it really dangerous in the event of a 
igh temperature of the water itself. For example, 
ing the past three ‘ of the present week the 
water at half flood at Blackfriars Bridge was so 
thick that an object immersed in it to a depth of 
4in, was invisible. During the same period, but at 
high tide, in the afternoon it was observed that 
‘below bridge,” as far as Blackwall, while the 
centre of the stream presented a fair appearance the 
water on the Middlesex and south shores resembled 
the stagnant waters of a canal, such as may be seen 
daily in the canal at Regent’s Park during the hot 
summer months. Of course the immense amount of 
refuse sent from the shipping in the Pool may 
account for this, but its appearance is regular 
every year, and it is simply fortunate that during 
the last three years the temperature of the 
water has been low, owing to heavy rain and 
comparatively cool summers. If, however, a per- 
sistent hot summer were to set in, the present con- 
dition of the Thames would soon assume as 
dangerous and offensive a state as it did twenty 
ears . Hence, so far we have left untouched 
one of the most sérious ible recurrent evils that 
the river can present to the metropolis. 

Into the question of debate which exists between 
the Thames Conservancy and the Metropolitan 
Board of Works, in regard to the state of the river 
at Barking and Crossness, we do not propose to 
enter in the present article, The Conservators state 
in their recently issued report that “a careful 
survey of the state of the river néar the great sewage 
outfalls at Barking and Crossness is made annually, 
The survey of 1876 shows that the deposit still 
continues, notwithstanding the great scouring effects 
of the floods in the winter 1875-76.” Such being 
the case we need not be surprised that the appear- 
ance of the Thames between those points and 
London Bridge is frequently as bad as it was in 
1854-56. 

As regards the floods of the Thames that were so 
disastrous in the present and past year, we refer our 
readers to various articles that have appeared in 
ENGINEERING in the last and preceding volumes, 
sere’ A to the statistics afforded by Mr, Redman, 

e cannot help thinking that much of the evil of 
these floods ht be lessened if the discharge of 
the water between each lock in the Thames was well 
regulated during times of heavy rainfall. If a 
continuous system of electric telegraph were main- 





tained between each lock, the men at any moment 
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might accommodate each other by gradually reduc- | easier hours of work, while the gg = — simply perfect, and Mr, Webb is certainly to be 
1 other 


ing the volume of water so that its discharge might 
be regular at Teddington. It is very rare that the 
watershed of the Thames is the subject of long con- 
tinuous rainfall. ic storms do the mischief, 
and as the Thames above Teddington is really a 
canal, and as a canal is a series of ponds, an inter- 
change of the management of lock discharge at the 
moment required might at least palliate existing evils. 
In conclusion, while admitting that much has been 
done to ameliorate the condition of the Thames 
during the last twelve months, very little has been 
permanently effected. While thankful for small 
mercies we must greater energy on all the 
authorities who have to look after not only our com- 
mercial interests, but also our metropolitan sanitary 
condition. 








THE FACTORY INSPECTORS’ REPORT. 
Tue last report of the Inspectors of Factories has 
appeared almost simultaneously with the announce- 
ment that the Factory and Workshop Bill has been 
dropped. It had been hoped that the measure would 
have into law this year, and though the reform 
is doubtless only delayed for a year, it is a matter of 
regret that the delay should have occurred. It is 
true that the Bill was mainly a consolidating Bill 
but inasmuch as there are no less than sixteen Acts, 
under which our inspectors are working, and all of 
these would have been consolidated into one by the 
resent measure, the reform is certainly needed, 
ven when due allowance is made for the proportion 
of the sixteen repealed Acts which is not now prac- 
tically in force, sufficient remains to cause a good 
deal of confusion in the minds of those to whom the 
law is applied, if not amongst those whose duty it is 
to apply it. 

It seems to have been with the prospect of this 
Bill passing into law, that the inspectors prepared 
their report. There is not in it any striking feature 
of novelty, there is no noxious trade brought into 
startling prominence, no exposé of the conditions 
under which any manufacture is carried on. Mr. 
Redgrave and Mr. Baker—especially the former— 
have set themselves to review the work that has 
been done during the ten years since the passing of 
the Factory Act in 1867. Itis but little to say that 
this review shows that avery remarkable change for 


the better has been effected in many departments of | 


industry. 

As typical, apparently, of what has been done, Mr, 
Redgrave gives some details of the results in the case 
of brickfields. Now in one respect brickfields 
offer a crucial test. One great culty all along 
has been the question of overtime, and it was in 
brickfields that overtime was perhaps more em- 
ployed than in any other industry. They had 
indeed been excluded from the 1864 Act, because 
the making of bricks and tiles was so entirely a fine- 
weather business that it was thought impossible té 
include it within any restricted hours of work. 
However, the attempt was made, and the result has 
been that masters are now convinced that more 
bricks are made by men working from 7 A.M. to 
7 p.m. than by men working from 5 A.M. to 9 P.M. 
So certain does this ap to be that an instance is 
ratey that in a certain brickfield on one occasion the 
egal amount of overtime was used for a short time, 
in order to meet an excessive demand, but it was 
found that the production was actually less, and the 
hours were reduced to the regular limits. Another 
most beneficial effect that resulted from the limita- 
tion of female labour, is that girls finding they must 
get to some work or other before sixteen, go out to 
service, and naturally do not afterwards care to 
return to the coarse labours and associations of the 
brickfield. How effectually this rule has acted may 
be judged from a recent statement of an inspector, 


that during the present season he has only found 
one soli female at work in the two hundred and 
more brickfields included in his district, and this 


woman was temporarily helping hor brother. 

In many London trades the limitation of over. 
time for women and children has had a most bene- 
ficial effect upon work generally. Bookbindin 
especially was a trade in which the hours of wor! 
were most excessive. At one time work was slack, 
and at another, just before the publishing season 
began, it was pt a on almost day and night. Now 
the bookbinders cannot do this, the publishers are 
obliged to get more forward with their work, and 
the result is that the labour is spread over a longer 
time, to the benefit both of masters and work. 


the cost of extra pay for overtime. 
London trades the same is the case. Even the 
milliners have found means to comply with the 
exigencies of fashion without working their appren- 
tices to death, and though here and there a little 
grumbling is heard at the restrictions, there seems 
a general agreement, both of employers and of em- 
ployed, as to the good that has been done. 

Another reform, which inspection has had a great 
share in effecting, has been in the sanitary state of 
factories and workshops. The Act of 1867 re- 

uired factories to be kept in a cleanly state, and to 

ulfil certain other sanitary requirements as 
ventilation, overcrowding, &c. The Workshop Act, 
passed in the same year, was to have been adminis- 
tered by the local authorities. They however failed, 
in most instances, to do so, and the duty of seeing 
that its provisions were carried out was in 1871 
transferred to the inspectors of factories. The im- 
provements since effected in the sanitary conditions 
of factories and workshops are so far more im- 
portant, Mr. Redgrave thinks, than the limitation 
on the hours of work, inasmuch as in many occupa- 
tions the hours had always been regular, whereas 
very little had ever previously been done to im- 
prove sanitary conditions. Here also it is pleasant 
to notice, that the work of the inspectors seems to 
be thoroughly appreciated by the classes affected ; 
employers will consult the ins; rs before occu- 

ying fresh premises, and many of the mone 

r expressed their approval of the altered state 
of things. 

There seems little doubt of the value of the work 
that is being done, or of the sensible way in which 
it is carried out. In the metropolis alone 13,738 
visits have been paid to factories and workshops since 
1871 without the necessity having arisen in any 
single instance of having the requirements of the 
inspector enforced by a magistrate. When it is 
remembered that the places visited varied from 
underground workrooms with half a dozen work- 

ple in them, to large establishments employin 
undreds-of hands, this is certainly remarkable, an 
the fact reflects no small credit on the staff who 
carried out successfully a task of considerable 
delicacy, and requiring a good deal of tact and 
judgment. 


THE INSTITUTION OF MECHANICAL 
- “ ENGINEERS. 

Tue demands upon our space last week compelled 
us to abridge ou manent on the meeting of rm 
stitution of Mechanical Engineers at Bristol, and to 
content ourselves with the publication of four of the 
papers* read, and of an account of the discussion 
on the first paper—that ‘“‘ On Safety Valves,” by 
Mr. J. C. Wilson. We now, however, resume our 
report, and propose to deal with the remainder of 
the papers brought before the members as well as 
to give some account of the other proceedings. 





CrrcuLaR SLIDE VALVEs. 

The second r read was that “On an im- 
ved Form of Circular Slide Valve for Steam and 
ydraulig Engines,” by Mr. F. W. Webb, of Crewe. 
This pap@® we published in extenso on page 81 of 
our last number, and as printed it contains we find 
a slight misstatement, namely that ‘the pair of 
valves shown” had run about 20,090 miles, whereas 
one of the valves only had run that distance. Mr. 
Webb explained that an engine was fitted with one 
brass and one cast-iron valve, and at the date of the 
last London meeting—for which meeting Mr. Webb’s 
paper was p' —this engine had run about 
16,000 miles, e valves were then taken out, and 
sent to London to be shown ‘at the reading of the 
paper, when it was found that although both valves 
showed beautiful surfaces, the brass valve had worn 
down ¥s in., while the cast-iron valve showed scarcely 
any wear atall, As the paper was not read at the 
London meeting the valves were taken back, and 
the cast-iron one set to work again, while in order 
to test whether there was any difference in the 
were faces a new cast-iron valve was put in the 
P of the brass valve. Between the dates of 
the London and the Bristol meetings the engine ran 
a further 4090 miles, and one of the cast-iron valves 
shown at Bristol had run therefore a distance of 
20,090 miles. The condition of this valve was 


ame 2 weneraghinl error the paper on Railway Ga 
| ey when) ms pe of our last number, was also stated to 
ve been read at Bristol, whereas it was communicated 





congratulated on the success which has attended 
his plan. 

ry the discussion which followed, Mr. J. C, 
Wilson, who was the first speaker, observed that 
the circular valve certainly appeared to prevent 
grooving, but that this was also to a great extent 
obviated by rounding the ends of the ports. He 
objected to the circular valve for two reasons, 
a first that it produced wiredrawing, and 
second that it involved a greater — of steam 
a but it was subsequently demonstrated by 
. Webb that both these objections were un- 
tenable, and arose from a mi rehension of the 
arrangement, the rate of opening of the circular slide 
valve being precisely the same as that of an ordinary 
valve with the same lead and travel, while the ca- 
pacity of the steam passages is slightly less than 
that required on the ordinary system. 

The next speaker was Mr B. Walker, who 
strongly commended the circular valve on the score 
of the benefits derived from the continuous change 
in the direction of motion of the wearing surfaces. 
Twenty years ago, he observed, he had t trouble 
with some valves for 250 lb. steam, until he employed 
piston valves which were allowed to rotate in their 
cylinders, when these valves were found to stand 
well, the combined rotation and to-and-fro motion 
producing excellent surfaces. Mr. Walker also con. 
sidered the circular valves excellent for hydraulic 
engines, but he observed that he did not consider 
them so suitable for hand-moved valves, such as 
those employed for controlling the movements of 
Bessemer converters, &c., as their use involved more 
surface and extra friction. 

Mr. Westmacott, of Sir W. Armstrong and Co., 
admitted that there had been difficulties with the 
old valves of hydraulic engines, but observed that 
the results were somewhat irre; ,»many of these 
old valves having done well. For instance, in the 
hydraulic engines at Birkenhead which had been 
working night and day for nine years at a pressure 
of 800 lb. per square inch, only three valves had 
been renewed. ere were also instances of some 
of these valves having been in use 27 and 28 years 
without renewal. In the capstan engines, the valves 
being at the bottom necessarily suffer from any grit 
which may be in the water, and hence in many cases 
their rapid wear. Of all valves, that which Mr. 
Westmacott had found to give least trouble under 
hydraulic pressure was the mitre valve, but of course 
that was not applicable in all cases. At Elswick 
they were getting, he observed, good results from 
trunnion valves, these valves having ports 3 in. long 
with a small movement. These viee are very 
simple, and Mr. Westmacott stated that one which 
has been at work three years does not show a scratch 
on the face. 

The next speaker was Mr. John Platt, of Glou- 
cester, who observed that some time ago he em- 
a a circular valve as a stop valve working 
under hydraulic pressure of 1500 Ib. per square inch, 
but that it was not successful. The valve in ques- 
tion was fitted with’ an arrangement for relieving 
the pressure on it and with ) rapes pag tas it 
positive rotation, but with the pressure relieved it 
was not tight, and without the pressure removed, it 
cut. Mr. Platt handed a tracing of this valve up 
to the council table, and Mr. Cowper, on examining 
it, attributed the want of tightness to the pressure 
being too much relieved, and the cutting to the 
great pressure per square inch on the rubbing 
surfaces, a view from which Mr. Platt subsequently 
dissented. As a record of failures is always in- 
teresting, we shall have much pleasure in publish- 
ing an engraving of this valve if Mr. Platt will 
favour us with a tracing of it, and the question of 
the ad of the bearing surfaces can then be 
morn gg OS Platt is so well known as a careful 
and successful designer that any lesson derived 
from his practice is sure to be of value. A few ex- 
planatory remarks by Mr. Webb replying to the 


objections of Mr. Wilson, brought the discussion 
toaclose, . 
Tue SEVERN TUNNEL. 
The third and last paper read on the first day of 


the meeting was that by Mr. John J. Geach, “On 
the Mechanical Appliances used in the Construction 
of the Heading under the Severn for the Severn 
Tunnel Railway. This very interesting descriptive 
paper, which we published on page 79 of our last 
number, was followed by but a very brief discussion, 
this discussion in fact consisting merely of a few 








people, The latter have regular employment and 


to the last London meeting, but has only just been pub- 


4 


uestions which were ied to by Mr. Geach. 
Thee, in answer to inquiries Mr. Geach stated that 
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he had experimented on electrical blasting, but that 
so far the results had not been so satisfactory as 
those obtained when the charges were fired by fuses 
in the ordinary way. He intended, however, to 
test the matter further. He also stated in reply to 
Mr. Cowper, that the new air compressor described 
ran at a speed of about 20 strokes per minute when 
supplying air to two drills, these drills making from 
700 to 900 strokes per minute. Finally, the Presi- 
dent observed that the works described by Mr. 
Geach would be examined by the members during 
one of the excursions, and that under those circum- 
stances the discussion of the paper had better be 
adjourned until the subsequent meeting at Man- 
chester, a proposition which was agreed to. 

For the afternoon of Tuesday, the first day of the 
meeting, no special excursion had been arranged, but 
a number of works and factories in Bristol and its 
neighbourhood were thrown freely open to the mem- 
bers, and many of them were largely visited. 
Amongst the works thus thrown open were the 
Avonside Works, the Bristol Wagon Works, the 
works cf Messrs, Fox, Walker, and Co., Messrs. 
Fry’s Chocolate Works, the Netham Chemical 
Works, the Panther Lead and Silver Works, 
Rogers’ Brewery, Messrs. Wills’ ‘Tobacco Factory, 
and several others, Altogether there was ample 
evidence of the visitors receiving a cordial reception, 
but it is no use disguising the fact that Bristol does 
not hold a high position as a centre of mechanical 
engineering, and hence there were lacking some of 
those features of interest which have characterised 
other annual gatherings of the Institution. 

On Tuesday evening the President and Mrs. 
Hawkesley held a conversazione at the Merchant 
Venturers’ Hall, which had been kindly placed at 
their disposal. A number of interesting models, &c., 
were exhibited and the conversazione was largely 
attended and passed off most successfully. 


Tue TYNEwyDD CoLLiery INUNDATION, 


On the Wednesday morning, the second day of 
the meeting, the first paper read was one ‘‘ On the 
Tynewydd Colliery Inundation, with Particulars of 
the Appliances used for rescuing the Miners and 
recovering the Workings,” by Mr. T. Hurry Riches, 
of Cardiff. This paper, which we published on 
page 79 of our last number, was a most interesting 
one, the more so as it formed the first really precise 
account of the Tynewydd disaster which has 
appeared, At the conclusion of the paper, Mr. 
Riches stated that the boring machine described in 
the paper was now in regular use for boring coal in 
another colliery belonging to Mr. D, Thomas. 

In commencing the discussion, Mr, E, A. Cowper 
expressed his admiration of the great pluck shown 
in the rescue, while with reference to the boring 
machine, he observed that it appeared so useful that 
he oe an arrangement of the kind ought to be 
provided at every colliery ready for use if required. 
Of course it was possible that improvements might 
be made in some of the details, and Mr. Cowper 
mentioned some points in which he considered such 
improvements could be effected. Mr. Cowper also 
mentioned as an interesting fact that by knocking 
colliers can communicate through a thickness of 
as much as ten yards of coal. A number of in- 
quiries were then made of Mr. Riches by various 
speakers, Mr. Geach asking whether the boring 
machine described delivered a core, Mr. Rich 
commenting upon the risk incurred by depending 
upon ordinary pressure gauges for determining such 
comparatively small variations of pressure, and Mr, 
W. R. Browne inquiring whether the leakage of air 
from theair-lock was due to the failure of the doors, or 
to the air passing through the coal. Mr. Browne re- 
marked that cases might arise in which the pressure 
could not be reduced by pumping out the water as 
was done at Tynewydd, and he inquired howin such 
cases the air-lock system could be applied. Mr. E. B. 
Marten also made inquiries about the failure of the 
divers to reach the imprisoned men, and Mr, Cow- 
per observed that Mr. Upward had proposed to 
bore a hole 18 in. in diameter and to insert in it an 
iron tube fitted with doors at each end, this tube 
constituting an air-lock. Mr. Charles Hawkesley 
asked whether any precaution had been taken to 
prevent the escape of air around the boring-bar, 
while other speakers inquired whether the boring- 
bar arrangement had not failed from the imprisoned 
men immediately plugging the end of the tube when 
it penetrated to the heading in which they were 
situated, and objected that the boring arrangement 
was not sufficiently useful to warrant the apparatus 
being generally provided at collieries, Next, Mr. 








Arthur Paget asked how it was proposed to propel 
and draw back the food carriers if the borer fad to 
be worked at an upward inclination. The apparatus, 
as a whole, he ‘considered very useful, and he sup- 
ported Mr. Cowper’s view that the provision of 
such an apparatus at every colliery should be com- 
pulsory. e considered, in fact, that it should be 
made as essential to provide a colliery with one of 
these boring arrangements as to fit a steam boiler 
with a safety valve, a remark which drew from the 
President the observation that safety valves were 
fitted to boilers by the wish of boiler owners, and 
were not rendered compulsory by law. To this it 
might, we think, have been further stated that, if 
the fitting of safety valves to boilers is not com- 
pulsory by law, it ought to be. The next speaker 
was Mr. Jorden, who considered it better to bore 
a large hole—say 18 in. in diameter—at once so that 
the imprisoned men could be got out through it, 
Making a small hole he considered to be of com- 
paratively little service, while it interfered with 
the carrying out of other work. To this view Mr. 
Braham objected that the boring apparatus which 
would be required for large holes would be much 
more expensive than that for small, and that hence 
colliery proprietors would be less inclined to pro- 
vide it, while the power necessary to work it effec- 
tively would often be difficult to apply. 

Replying to the discussion Mr, T. Hurry Riches 


stated that in applying the boring apparatus at 
Tynewydd, they only had to bore thro about a 
couple of yards, and any leakage around the bar was 


stopped simply by wrapping spun yarn round the 
rf In ee 15 vane p He pes Mr. Thomas's pit 
with the same apparatus, it was found that the coal 
was reduced so small that it worked out freely 
around the tube, there being no core formed. As 
regarded the pressure gauges to which reference had 
been made by Mr. Rich, he observed that he used 
the best he could get at the time, and that he em- 
payee two, each of which had been carefully checked 
with a standard gauge, The result showed that they 
had indicated correctly, The air-doors he stated 
failed because the frames were made too small, mer 4 
being fitted to the headings and only packed wit. 
‘‘slurry” instead of being sufficiently large to allow 
of their being built into the walls. ‘The divers em- 
ployed had no doubt some difficulties to overcome in 
reaching the men, and not being accustomed to 
underground work they were not capable of dealing 
with these difficulties, and were no doubt naturally 
somewhat nervous. Had it been possible to em- 
loy divers who were at the same time miners, he be- 
eved more could have been done in this way. As re- 
gards the inquiry which had been made as to the effect 
on the men if the divers had reached them, he ob- 
served that one of the men—George Higgins —when 
subsequently shown the diver’s dress and asked 
what he would have done if a man had turned up in 
the heading in such a helmet, replied that “ he 
would have driven his pick into it.” With reference 
to the proposal made to drill an 18in. bore, Mr. 
Riches remarked that such a bore would be very 
difficult to drive, and would take much time, and 
that hence it would not constitute a means of af- 
fording prompt assistance. At Tynewydd the bor- 
ing arrangement had no doubt been prevented 
from serving its intended purpose by the imprisoned 
men at once plugging the end of the borer; they 
failing to understand the object of the arrangement 
and being alarmed at the — of air. If the bor- 
ing apparatus had to be with an upward in- 
clination the carriers could be readily sent through 
by fitting an india-rubber washer at the end of the 
carriage, and forcing in compressed air behind it. 
The President in proposing a vote of thanks to 
Mr. Riches for his 4g 7p vote which was warmly 
accorded—spoke in high terms of the coolness of 
mind and personal courage which had been dis- 
layed in the rescue of the imprisoned men at 


ynewydd. 

A New DyNaMOMETER. 

It is but rarely that the members of the Institution 
of Mechanical Engineers have had laid before them 
a paper of such high scientific interest as that by Mr. 
Froude on his new form of dynamometer, which 
formed the second paper read on Wednesday week. 
Availing himself of the new rule brought forward 
at the last Birmingham meeting, Mr. Froude read 
his paper himself, or rather he read the —_ in 
abstract, and supplemented it by verbal explanations 
aided by sketches and references to mod Only 
those who have heard Mr. Froude, and are acquainted 
with the admirable lucidity with which he can 


explain subjects involving very complex considera- | the 


understand the feeling with 
which we write lecture—for it really was a 
lecture—at Bristol. Of his paper itself, as printed 
for the Transactions, we published the first portion 
on page 67 of our last number, while we give the 
remainder, together with copies of the diagrams, 
on pages 90 and 91 of the present issue. In 
addition, we propose here, befcre summarising the 
discussion, to give some account of the additional 
explanations with which Mr. Froude supplemented 
his paper at Bristol. In the first place, referring to 
that portion of the paper which explains —and very 
clearly too—the ‘‘ power of current-growth” in the 
cells of the dynamometer, Mr, Froude gave a very 
apt illustration as follows: Let us suppose a jet of 


water to be issuing from a | 
a ! 
b 


tions, can lavage gid 


nozzle at a (see sketch) 
with a velocity of, say, 
10ft. per second, and let 
this water be caught by a 
fixed bent tube, as shown, 
this tube being of the 
same bore as the jet. The 
water will evidently enter 
the bent tube at 4 with a 
velocity of 10 ft. per second, and be discharged at ¢ 
with the same velocity, while in passing round the 
bend it will in virtue of centrifugal force exert a 
pressure tending to move the bend away from 
the jet. Let us now su that the bent 
tube, instead of being fixed, is made to move in the 
direction shown by the arrow at d at the rate of 1 ft. 
al second, or in other words, let it approach the 

ischarging jet at thatspeed. Under these circum- 
stances the water instead of entering the bend at 
4 at the rate of 10 ft. per second will enter it at 1] ft. 
per second, and it will pass round the bend at this 
velocity, finally escaping at ¢ with a velocity of 
11 ft. per second relatively to the bend but of 12 ft. 
re second relatively to a fixed object, the bend 

eing supposed, as we have stated, to be moving 
forward in the direction of the final discharge at the 
rate of 1 ft. second. We thus see that a forward 
movement of the bend at the rate of 1 ft. per second 
results in an acceleration of the flow of the water by 
2 ft. per second. If now we further conceive that 
the water issuing at ¢ entered a fixed semicircular 
bend it would traverse this bend at 12 ft. per second, 
and on issuing again might be further accelerated 
by being passed through another moving bend and 
80 on ad infinitum, of course supposing for the mo- 
ment that no frictional or other resistances existed. 
Now the moving bend in the above sketch may be 
considered to represent one of the half-cells in the 
moving _ of Mr. Froude’s dynamometer. Owing 
to the oblique position of the dividing diaphragms 
the half cells in the erry Lemos of the appa- 
ratus may be considered to be constantly approach- 
ing those on the fixed portion, and hence the water 
on its discharge from the latter into the former 
receives an acceleration which goes on until the fric- 
tional resistance experienced on traversing the cells 
equals the speed-producing power, the resistance to 
the motion of the rotating portion of the dynamo- 
meter consisting in the resultant, in the plane of 
rotation, of the centrifugal force exerted by the cur- 
rent when traversing the curved contour of the 
cells. This resistance is, of course, equal to the 
force exerted in the opposite direction on the cells 
of the fixed of the apparatus. 

It naturally follows from a consideration of this 
mode of action that the power-absorbing capa- 
bilities of any given dynamometer of this kind driven 
at a given speed, will depend upon the velocity 
which the water currents can attain, this velocity 
being of course limited by the frictional resistances, 
the smaller these resistances the greater being the 
attainable velocity. In other words if the frictional 
resistances to the movements of the water could be 
done away with, the power-absorbing capabilities 
of the apparatus might become infinite at any speed. 
This points to the fact thatthe power-absorbing capa. 
bilities of any dynamometer of this class will depend 
to aconsiderable extent upon the smoothness of the 
surfaces with which the water comes in contact, and 
in referring to a later portion of his paper Mr, Froude 
gave aninstance ofthis, One of his mometers, 
which at a given speed originally afforded a re- 
sistance represented by the number 72, was after 
certain alterations of the diaphrams brought back to 
its original form, when it was found that at the same 

its resistance had fallen to 52, this being at- 
tributable to the roughness due to pieces of solder, 








&c., left on after making the alterations. ‘To test this 
roughnesses were to a great extent removed by 
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ing, and although its original power could not | appeared to him to be one which had been designed 
tye the caine to chop up water with the greatest expenditure of 
some features in 

unison with the Siemens and the Huntoon governors. 
Cowper expressed his opinion 


ce of the apparatus was 


radually brought up to 69. 
" In ey ~- lanation of the action of 


‘* current-growth,” 


gr r, Froude also gave an illus- | In conclusion, Mr. 
tration which he stated had been suggested to him | that Mr, Froude’s dynamometer was an excellent 
by Mr. Bramwell, this being as follows: Let itbe | apparatus for testing engines of large power, and that 


power possible, and it 


supposed that a locomotive carrying in front of it | its use was likely to lead to valuable results. Next 


a perfectly elastic plane surface approaches a per- 


Mr. Arthur Paget asked whether it was not desirable 


fectly elastic wall and let a perfectly elastic ball be | that the aaa of water changed should be mea- 


set vibrating between this surface and that carried | sured, an 
through pipes connected to a refrigerator, while 


the President, after commenting upon the value of 


by the locomotive. Under these circumstances it is 
evident that each time the ball strikes the moving 


plane it will rebound towards the fixed plane with | the apparatus, inquired what woul 


Mr. Platt suggested circulating the water 


happen if the 


an accelerated velocity only to be returned to| water were not changed, and asked if the experiment 
receive a further acceleration and so on ad infinitum, | had been tried. 


the ball in this case representing the water in the 
dynamometer. 


In the second pa -_ of the portion of the} the enclosed water would commence to 
lish this week, it is stated that | steam would be formed. As long as the water parted 
with had no circumferential momentum, it could 


aper which we pub ' 
or two strictly similar, but differently dimensioned 


dynamometers, ‘‘ their respective ‘moments of re- | not, he 
would 

wers of their respective | through radial jets, Moreover, at the centre of 
erence to this Mr. Froude | each vortex there was a reduction of pressure, or 


‘* action’ with the same speed of rotation in each 
‘* should be as the fifth 
“« dimensions,” With 


Replying upon the discussion, Mr. Froude stated 


that the change of water was essential, as otherwise 


boil and 


inted out, carry off work. This condition 
satisfied if the water was discharged 


stated that the fifth power was arrived at in this | probably a vacuum when the vortical motion was 
way. Comparing two dynamometers, one double | very rapid, and thus if water was introduced at the 


the diameter of the other, and both driven at the 
same number of revolutions 
velocity in one case would 


centres of the vortices, it would be drawn in. This 
r minute, the mean | could be readily arranged. If water is much heated 
twice that of the/| it discharges air, and it would be desirable so to 


other, and the resistance would be as the square | arrange the flow through the apparatus as to sweep 


due to this cause alone, but in the larger apparatus | out an 


air thus discharged. It was desirable to 


the area acted upon would be four times as great, | keep the apparatus full, and the use of the sliding 


or as the square of the increase in diameter, and/|s 


hutters for varying the power absorbed was pre- 


hence we have four times the resistance on four | ferable to varying the quantity of water contained in 


times the area, or a resistance in the proportion of | the apparatus. Mr. Froude o 


ed that he hoped 


the fourth power of the increase in dimensions, while | to be able to measure the speed of the water at each 


finally this resistance is o d at twice the radius, 


point of the vortices, an 


the information thus 


causing the power-absorbing capabilities to be in| obtained would be useful, The plan suggested of 
proportion to the fifth power of the linear di-| connecting the sliding shutters to the dynamometer 


mensions, 


cussion on Mr. Froude’s pa 


lever, so as to make the apparatus self-controlling, 


After a few remarks from the President, the dis- | Mr. Froude did not approve, as he belived that it 
per was commenced by | would give rise to “hunting.” As he pointed out, 


Mr. Brotherhood, who remarked that the saponins a change in the speed of the engines would not pro- 
to form an 


appeared to him capable of being arranged 
Mr, Froude observed, had also occurred 


duce an immediate change of speed in the vortices, 
mirable marine engine governor, asuggestion which, | and that hence the automatic arrangement suggested 
to him, but | would not, he considered, act well. 


As regarded 


which he had not had time to consider thoroughly. | the application of ordinary dynamometers to screw 


Mr. Rich, who was the next 5 
that the exertion o 
diameter and 1 ft. thick, at the rate of 70 deg. per | o 


minute, and that hence a considerable flow would | satisfacto 


be required through the casing of the dynamometer 
to absorb the heat genera 


were being dealt with. This changing of the water | work could be got out o Sore weight of steel 
red to him, alter the condition of| than if the width was tape 


would, it ap 
the vortices, while the fluid friction would vary |h 
with the temperature. 


tus, might, he sug, 
ynamometer lever so that the Va might be | b 
self-controlling like the Appold 


in the regi 


Froude repli 
the bearing edges being arranged 
sible at the neutral axis of the spring. 

The next speaker was Mr. 
who inquired whether the power-absorbing capa- 
bilities of the dynamometer could not be varied by 


the chan 


should be considered. 


of water if suitably 


to produce any desired chan 
for its ingress and 


placed holes were provid 
egress. Of course it would be possible to determine 
the power absorbed by the ms pacar ee 6 measur- | J 
ing the raté at which the water was heated, 





difficult to carry out practically. apparatus 


er, stated that he | engines, he observed that an enormous change of 
had made some rough calculations, and that he found | resistance was experienced by such engines each 
of 8000 horse power would suffice | time the screw blades 

to raise the temperature of a disc of water 10 ft. in| that hence even with] enormous cataract cylinders 


when large powers| the thickness of a plate spring a greater amount of 


The crescent slides em-| for tempering, &c. The design described was, how- 
ployed to regulate the power absorbed by the ap-| ever, only a provisional one submitted to the 
, be worked from the | Admi 


rake. Mr. Rich/| ried into execution, Mr. Froude observed that he 
commended the straight spring used by Mr, Froude | could not quite agree ;with Mr. Cowper’s remark 
ring portion of his dynamometer, but | that the apparatus was one designed for churning 
he considered that it was better to taper the thick- | water with as much expenditure of power as pos- 
ness rather than the width of such a spring towards | sible, as, on the contrary, he desired to avoid 
the ends. He also made inquiries as to the manner | churning as much as possible, and to allow the water 
in which the spring was supported, to which Mr. | to move with the smallest possible amount of fric- 
ed that all supports were knife edges, | tion.. To avoid any churning 
as nearly as pos-| action it would probably be better that the inner 
* ledges of the blades should be somewhat canted 
icksteed, of Leeds, | forward so as to cut the water cleanly, Dr. Siemens’ 


ered a 
varying the quantity of water in the apparatus | therefore liable to hunt. The friction of some large 
instead of employing the sliding shutters ; and Mr. | engines Mr. Froude believed to be very great, and 
Charles Hawkesley then suggested that to facilitate | he referred to Mr. Denny’s interesting experiments 
of water a pipe might be led tothe ap-| on the power required to drive certain vessels at 
paratus from the vessel to which it, was fitted, and | different speeds, and showed how they pointed 
water fed through this pipe fron: a raised tank, or | towards great engine friction, Mr. Froude’s deduc- 
by other means, so as to produce a regular flow. | tions from these experiments are of exceptional in- 
The new water thus admitted, he remarked, would | terest to marine engineers, and we hope hereafter 
have to be put in motion, and the effect of this | to be able to deal with them fully. 
clusion of the discussion a cordial vote of thanks 
Next Mr, E, A. Cowper observed that the circula- | was passed to Mr. Froude for his very interesting 
tion in the apparatus would probably be sufficient | paper. 


but this | matic ge in Steam Engines.” This paper 
would be a roundabout wee pean very | we publish in extenso on page 99 of the present 
y. The number, In the discussion which followed, Mr 


the dead wood, and 


rdinary emacs could not be got to work 
y. 


Mr. Froude agreed with Mr. Rich that by varying 


» but, on the other 


and, the form he had adopted gave great facilities 


dmiralty, and it was quite possible that it would 
e modified in some of its details before being car- 


or disintegrating 


overnor, which had been referred to, he consi- 
ood one, but it was synchronous, and 


At the con- 


AvTOMATIC EXPANSION GEAR, 


The next—and last—paper read was one by Mr. 
ohn C, Fell, ‘* On the Economy of Variable Auto- 


Froude, who was the first speaker, his 
doubts as to the limits of economical er 
fixed by Mr. Fell in his paper, and he remarked 
that if a large engine has to be run to doa compara- 
tively small amount of work, it is better to expand 
largely. Mr. Hartnell, who was the next speaker, 
referred to the engine trials of the Royal Agricul- 
tural Society, and pointed out that the rates of ex- 
pansion adopted by the competing makers showed 
that it was not economical to expand 80 lb. steam 
(95 1b. absolute) more than about four times in a 
non-condensing engine, the ratios of expansion 
adopted in the leading competing engines having 
been decided upon after lengthened experiments 
under different conditions of working. Commercially, 
also, in determining the profitable limit of expansion 
the cost of the engine came in. A high rate of ex- 
nsion meant a larger engine and more expensive 
oundations, and to be _ mapa war the gain by the 
extra expansion should something more than 
sufficient to pay a fair interest on this extra outlay. 
A common fault was to expand too much. As to 
the gain derivable from the employment of auto- 
matic expansion gear, it of course depended upon 
the amount of variation in the load. With non- 
condensing engines it not unfrequently amounted to 
from 18 to 25 per cent. 

Mr. Oughterson, of Rouen, stated that he had 
been appointed with other engineers to carry 
out experiments in France on a compound beam 
engine, fitted with Correy’s variable expansion 
gear, and that he had compared the results with 
those obtained from a similar engine working with- 
out automatic gear, and had found the steam con- 
sumption - horse power per hour to be 14.2 lb. 
and 15.2 lb. respectively. There were, howeven, 
some differences in the power exerted, &c., in the 
two cases, and altogether the results did not point 
to any striking economy effected by the employment 
of automatic expansion gear, but the gear had the 
advantage of governing well. Mr. Thomas Powell, 
of Rouen, also stated that he had had a large ex- 
perience with Woolf engines, some fitted with auto- 
matic expansion gear and some with the expansion 
adjusted by hand, and his conclusion was that when 
the load was not subject to any very great variations 
equally good results could be obtained with the 
steam cut off at 34; in the small cylinder and con- 
trolled by the throttle valve, as if automatic expan- 
sion gear was used. With very variable loads, how- 
ever, the automatic gear gave an economy. 

Mr. Rich, who was the next speaker, expressed 
an unfavourable opinion of the expansion gear de- 
scribed by Mr. Fell, stating that he anticipated that 
—_ would speedily take place between the slide 
and the expansion valve, and that this leakage would 
more than compensate for any economy due to the 
automatic adjustment of the cut-off. He also con- 
sidered that a very powerful governor would be re- 
quired, and stated that he preferred the ordinary 
Mayer gear. The Mayer gear he observed, how- 
ever, only gave'a good cut-off wilh moderate ranges 
of expansion, and to get a large range he considered 
moving the eccentric-to be essential. For pumping 
engines when the work was tolerably uniform, he 
believed it better to adjust the cut-off by hand to 
the point found most suitable. In conclusion, he in- 
y ae how many of the engines which competed at 

e Royal Agricultural Society’s trials at Cardiff in 
1872, had been reproduced? To these remarks, Mr. 
Hartnell, who spoke for a second time, replied 
that he had often found the Mayer gear stuck fast 
and useless, and that it was a common thing to set 
it to the cut-off required with the maximum load 
and to allow it to remain there. By employing 
multiple ports an expansion gear could be made, he 
added, to cut-off at from zero to §ths of the stroke 
without shifting the eccentric. As regarded the Car- 
diff engines, that with which he was connected, 
namely that made by Messrs. Turner, of Ipswich, 
had been reproduced extensively. 

Mr. E. A. Cowper, referring to the diagrams from 
a rolling mill engine mentioned by Mr. Fell in his 
paper, observed that they showed that the cylinder 
was too small to allow of a fair range of expansion 
when the engine was doing its full work. He 
himself, he stated, used steam e: ded 15 times 
in compound engines with the t of using 1.3 1b. 
of coal per horse power per hour. He agreed with 
Mr. Rich that a cut-off gear should have a range of 
from yth to §ths the stroke, but he stated that it 
was not necessary to move the eccentric to attain 
this, and he made a sketch of an arrangement which 
he had employed many years ago to obtain this end, 
this arrangement consisting of an expansion link 
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a variable 


vibrating on a fixed centre and havin 
coupled to 


throw imparted to it by an eccentric 
a block sliding on the link,"this rod being very short, 
so that as its outer end was shifted up or down in 
the expansion link the angle at which the motion 
was taken off from the eccentric varied considerabl 
the effect being equivalent to shifting the eccentric 
on the shaft. Mr. Cowper also disagreed with the 
remarks made by Mr. Fell respecting the loss stated 
to be incurred by the liquefaction, of steam in the 
cylinder during expansion. . 

A speaker, whose name we did. not ap pe A 
gested very sensibly that the full-power di 
for the rolling-mill engine, to which reference has 


works have been greatly extended, a ificent 
foundry and ious erecting and boiler shops 
having been added, as well as numerous smaller 
shops, Of the works, as they now are, it would of 
course be impossible within the space now at our 
ipa to give an account of any value, even if the 
isit last Friday had been of sufficient duration to 
enable the requisite information to be collated. We 
shall merely state, therefore, that after being con- 
ducted through the carriage department—where we 
noticed some exceedingly well-arranged sleepin; 
carriages in pr —the visitors were entertain 
at lunch in the of the Mechanic’s Institution, 
and this over, they were shown through the loco- 


already been made, looked as if, they would be] motive de ent, | facility being afforded 
better if turned upside down. A reference to these | for examining fully ali the arrangements and work 
diagrams, which we give on page 99, will show | im progress, . 


that the engine was working under exceedingly bad 
conditions, the exhaust being fearfully throttled, 
and the back pressure exceedingly high when work- 
ing at the higher powers, An improvement in this 
respect, which might readily be made, would effect 
an enormous saving in steam, as well as enable the 
engine to do far more work. 

n replying on the discussion, Mr. Fell observed 
that the statement in the pease about the useful 
limit of expansion was intended to apply only to 
average conditions, As r ed the Ping sill 
engine diagrams, he stated that they had been ob- 
tained from an independent source, and that he 
exhibited them merely as representing an actual 
case in practice. Automatic gear, he maintained, 
produced economical results, and although he was 
not disposed to insist that the gear he had described 
was the best which could be adopted, yet it un- 
doubtedly had several advantages of its own, and 
it performed its work well, With the exception of 
the valves there were no moving parts inside the 
steam chest, and the valves he found to wear well 
and keep thoroughly tight. Moving the expansion 
valve hoch 90 deg. sufficed to vary the cut-off 
from zero to §ths the stroke. 

A vote of thanks to Mr, Fell for his paper, and 
votes of thanks to the local committee, to the Great 
Western Railway Company, &c., brought the meet- 
ing to a conclusion, 

EXCURSIONS. 

For the afternoon of Wednesday an excursion to 
the Clifton Suspension Bridge, Leigh Woods, and 
neighbourhood been arranged, but owing to the 
miserably wet weather, but few members availed 
themselves of the opportunity. On Thursday the 
weather had improved, and by the kindness of the 
Great Western Railway Company a special train 
conveyed the members to New Passage, where they 
were taken on board a steamer also provided by the 
railway company, and conveyed across the Severn 
to Portskewet to inspect the Severn tunnel works. 
These works have been so fully described in Mr. 
Geach’s paper already published by us, that it will 
be unnecessary for us to say more concerning them 
here. Re-embarking on board the steamer the com- 

ny were conveyed down the Channel, luncheon 

eing served on board, and a return being made to 
Portishead, and thence to Avonmouth, the members 
being landed at each of these places to i the 
respective dock works. We have from time to time 
recorded the progress of these works, both of which 
possess many features of interest, and we hope in an 
early number to give a fuller account of each of 
them than our space would permit us to do here. 
From Avonmouth the steamer conveyed the party 
up the River Avon to Bristol, thus terminating a 
very pleasant day. 

n Friday, the last day of the meeting, the mem- 
bers were again the guests of the Great Western 
Railway Company, that er providing a special 
train to convey the visitors to Swindon, where the 
works of the company were thrown open to their 
inspection. The special train just mentioned was 
fitted with Sanders’ automatic vacuum brake, and be- 
tween Bristol and Swindon some exceedingly good 
stops were made with it. We have already described 
andillustrated this brake (videpage 241 of our twenty- 
first volume), but we propose next week to give 
an engraving showing how it is now being applied 
to the Great Western i , and we then 
—_ more tosay about it and about the stops made 
with it, 

Of the Swindon Works, where the visitors were 
received by Mr. Deane, the locomotive superin. 


tendent, we gave a somewhat full account some 
years —- pages 426 and 446 of our second 
volume). Since that time, however, under the able 


direction of the late Mr, Joseph Armstrong, the 








NOTES FROM THE SOUTH-WEST. 

New Line of Atlantic Steamers.—It is stated that the 
SMErel cemeetliching cid cocker on?’ soning vow 

V re-es g old routes and opening new 
channels for American commerce, have decided on runnin; 
some ( eir stedmers between Bristol and the Uni 
States. The first steamer, the Olympia, is 
from New York to the Avonmouth docks. 
will probably be followed by the Caledonia. 

Newport.—The arrivals have been comparatively few 

the week. The Lady Cartier en the old dock 
on Friday with a cargo of pitch pine from Pensacola, and 
the Alma Thorburn is di ing in the same dock a cargo 
of pitch pine from the same place. The steamer Broom- 
haugh, from Riga, with a large cargo of sleepers, &c., has 
come into port; and other steamers are on the way hither. 
a reights generally continue in a depressed con- 

ion. 

Cheltenham.—It was stated at a meeting of the Chelten- 
ham town council on Monday, that the Local Water Com- 
pany had declined to allow the corporation to treat for the 
purchase of its works, for any consideration whatever. 


Welsh Companies.—The Tredegar Iron and Coal Com- 
pany has declared a dividend of 4 per cent. on its A and B 
shares payable A t 6. The Aberdare and Plymouth 
Company has decided to continue working its ieries, 
according to arrangements in force prior to June Ist. It is 
thought that the Dowlais notices involve no immediate 
stoppage of the iron works. The fourth i annual 
n meeting of the Cardiff and Swansea Smokeless 
team Coal Company (Limited) was held in London on 
Friday. Colonel Shakespear, the chairman of the company 
in moving the adoption of the directors’ . 
that at present the company could meet its liabilities ; but 
unless something was done in the way of help shortly, the 
remaining call of 20s. share would have to be made. 
The report was adopted. 


Sir George Elliott.—A contradiction has been given to a 
statement that Sir George Elliott a resigning 
the managing directorship of the Powell Duffryn Com- 
pany. 

The Forest of Deam.—It has been decided to blow out 
the furnace now in blast at Parkend, and the workmen are 
under notice of discharge. A few years since, these works 
were in full operation ; they 
The concern consists of three furnaces and a tin-plate 
manufactory, with mines; it was purchased in 1875, b: 
Mr. Edwin Crawshay, at the reputed price of 120,0000. 
Between 5000 tons an: oe iron are upon the 
banks. There are some hopes that the stoppage will prove 
only temporary, but it is none the less a serious blow. 

Railway Accommodation at Merthyr.—Commencing 
with Wednesday, the use of the Old Taff Vale Railway 
station at Merthyr was discontinued for the p of 

traffic. By an arrangement entered into 
the Taff Vale Railway and the Great Western Railway 
Companies, the High-street station of the latter company 


The Severn Bridge.—Thirteen princi, 
this undertaking have been completed out of the twe 
one forming the work, and all the piers are either finished 
or are in hand except two. The contractors 


the deep-water work with all possible speed. 


to run 
e Olympia 





NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wolpe, 
The Rating of a Local Board’s Water Mains.—The 
Rawmarsh Local Board, whose water mains are in the 
Rotherham Union, and are at present 
have decided to ap against 
on the ground that they make no profit out of the water 
works. 

A New Onions: near T 
just been ed by the Tem 


le Normanton.—Coal has 
Normanton Colliery Com- 
, at their new sinkings Se Soe bend beam. The 
eT ae aan ee Pn: at 52 yards, and has 
. 6 in. thick. Two shafts, each 10 ft. 

is Giatanide, Mave been bank, une heveben toby” aeee” 


for a distance of about 75 yards in each case. 
keep out the water met with in the strata immediately 
above the seam. 

Fall of a Colliery Chimney Shaft.—Last week an old 
chimney shaft at the Hoyland Si our ans 


crushing in the roof of 
engine, and breaking the 


are the oldest in the Forest. | ; 


are driving |, 





both situa’ 


boing thus Libera 


of 
at Oxclose} near 
Booker and Co., and to Messrs. H. Andrew 
been flooded by water, liberated owing to the 
ployed by the former firm having 
There was a large volume of water in these 
and it rushed into the pits so rapidly on 
liberated that the lives of a number of men were 


.—The collieries, 
» belon to Messrs. 
miners em- 
struck into some old 


iously i of them, had to 
Sntey detvaseralie Aenin Seeteadcsetee oe cere 





NOTES FROM THE NORTH. 


Glasgow Pig-Iron Market.—The 
Pie: Mk forenoon, when ° 


54s. 9d. and 54s. 104d. one 
at 54s. 10d. cash and 54s. 


. 10d. 

and went up 14d. 
at be TOLL toes, cosh 
with sellers 

lowest. 


business left off at 
the forenoon holders' 


advance that has been 


pend 
rs = higher figures, eo buyers at 


afternoon prices 
about Fa spr ee 
* quotations were 55s. 4d. to 


done in 
8d. to 55s. 14d. 
offering 55s. 14d. cash, sellers 


2d. afternoon 
1)d., sellers at 55s. 


Guascow, Wednesday. 
ig-iron market 

was done 
month fixed, closing with 
11d. one mon 


ton further. 
55s. 1d. one month, 


ess was again the ody omy 


Eel 


Tight a! 
market was steady—buyers 
Sd. cash. Until to-iay, 


made since the 
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resolved this day week to blow out a number of 
has been intai the furnaces 
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pa will be ) ry 
another sitting the Institution on Thursday forenoon, 
——— afternoon to the works at 
portan proce wl b bron leivodinehedh or 
t i i rought to a an ex- 
down the Firth on Friday, probably in one 
of the new steamers. Altogether, bids 
fair to be a great success, as there is every probabili 
of a gathering of the most eminent scientific 
practical naval architects in the kingdom. 

The New Bridge of ry opr Ayr District Road Trust 
met yesterday to consider the offers for the erection of a 
new bridge at Ayr. Captain Hamilton, of Rozelle, was 
called to the chair. The report of the Bridge Committee 
was read, which stated that the committee had opened the 
tenders for the bridge, 15 in number, and were unanimously 
of opinion that the structure should be of freestone, and not 
of freestone and granite combined. They had arrived at this 
conclusion from the consideration that the use of ite 


open ite, ac- 
Bdinbarghs shosld be adopted, 
which would be about “O80 
mendations, the committee 
jw be empowered to accept the lowest tender, which was 
that of Messrs. W. and T. Adams, Callander, amounting 
to 11,6121., to which would be added, if the granite pa- 
be adopted, a sum of about 1000/. The noxt lowest 
‘er amounted to 11,7541. Mr. Gemmell, of Frank 
seconded by Provost Steele, moved the oiythe of the 
report. Mr. Oswald Auchincruive, seconded by Colonel 
C. V. H. Campbell, of Netherplace, moved as an amend- 
ment that the original plan, with a parapet, be 
, motion was carried by a large majority. 
Robert en Marine Engines.—A most in- 
Suuag mes ical relic has just been presented to the 
town of barton, by*Mr. James R. Napier, F.R.S., the 
eldest son of the late Robert Napier, of West Shandon. 
It is the first pair of marine engines built by that eminent 
engineer, and dates back to the year 1822. These engines 
were for many years used in the Leven, a river steamer 
that was the third to be built at Dumbarton, Robert 
Napier’s birthplace, and which ran between that town and 
Glasgow. For a long time the ines of the Leven were 


\ i , C.E., 
the probable expense of 
Subj to these recom- 

to recommend that 


ville, 


stowed away in the old Vulcan Fo , but after that 
establishment was disposed of by Messrs. Napier and Sons 
it was deemed most appropriate that they should be cleaned 


up and put in order so that, if , they might even- 
be used as a sort of memorial of the eminent citizen 
of Dumbarton. The relic was hauled from Glasgow to 
Dumbarton a few days ago by means of a road steamer, and 
now stands in a conspicuous position at the head of Dum- 
barton pier. 
NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrppLEsBRoveH, W ; 
The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’Change. The nominal quota- 
tions of pig iron were fully 1s. ton higher than the 
were last week, but this did not mean that 
the holders of pig could dispose of their stock of No. 3 at 
40s. per ton. The nominal advance is due to the fact that 
a large number of blast furnaces in Scotland have been 
blown out, and the total production in Cleveland is less 
than it was a week or two ago. Makers hope that the 
supply and demand will be equalised. There ie really no 
improvement whatever in trade, neither is there any 
prospect of a change for the better. 
The Finished Iron Trade.—There is 





very little doing in 


this branch of industry, and the rail-making ent 

which a few years ago used to afford employment to so 
thousands of men in the North of d, is 

wrorth alluding to. Several extensive mills and forges have 


idle for —— of twelve menths, and there is every 
probability of their remaining for another year. 

The Wages of Ironworkers.—Last week the Board of 
Arbitration had a meeting respecting the proposed reduc- 
tion of 10 per cent. in the i i 
North of England. The Board being unable to agree, the 
matter was left to the sole arbitrament of Mr. David Dale, 
of Darlington 


Engineering and Shipbwilding.—It is satisfactory to be 
able to say that on the northern rivers these two impor- 
tant branches of trade continue actively engaged. The 
various firms in the North have still a fair number of 
orders on their books. 





Tur Lonpon anp County Banx.—The report for the 
and Coun 


Bank has just been issued. It that the net profits 
of the undertaking during have been 122,889! 
11s. 10d., to which has to be 11,1682. 8s. 3d. brought 
forward from last account. The directors have declared 


KNIGHT'S 





Tuts machine has been constructed for digging hop 
ground by steam power. In the best cultivated hop 
gardens it is the custom to dig the whole of the land by 
hand, in others small two-horse ploughs are used to 
plough between the rows of hops, these rows being after- 
wards dug by hand. 

Although originally designed for use in hop grounds, 
the machine is well adapted for sugar plantations and 
other agricultural work. It is not hauled by a wire rope 
as steam ploughs or cultivators are, but is propelled by 
its own hind wheels which receive motion by gearing. 

The framework is of angle iron, and at the after end 
carries a three-throw crankshaft; on this crankshaft is 
keyed a bevel wheel which gears with a pinion on a vertical 
shaft ; this vertical shaft carriesa Y pulley which receives 
motion from the engine by a hempen rope. In front of 
the Y aged are the guide pulleys, so arranged as to 
allow the implement to turn round without interfering 
with the position of the rope on the driving pulley. 

The cranks work three vertical connecting rods, which 
are in the form of the letter “T inverted; in the lower 
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HOP CULTIVATOR. 
CONSTRUCTED BY MESSRS. J. AND F. HOWARD, ENGINEERS, BEDFORD. 





EXPANDING LAP. 
To THE EDITOR oF ENGINEERING. 
Srr,—Having experienced much trouble in following the 
usual methods of rectifying in locomotives the worn joints 


of link motions, crossheads, &c., I desi; and e for 
this railway workshop several expanding laps of sizes vary- 
ing from Ti in, to 3} in., which havin m in use since 


February, 1874, I am enabled to s of them with con- 
fidence as being extremely useful, producing accurate good 
work, with great saving of time, every working joint of 
—_ a of a a being i ~~ 2: my 

n using this expanding lap it is unn ann 8 
articles operated on, no cutting instrument bein g employed 
as the process is performed by grinding with oil and 
eme! Enclosed I forward you sketch of expanding lap, 
the simplicity of its parts being such as to require but little 
lanation. 

A, A, A shows elevation and plan of steel mandrel, on 
which are fitted two pieces of copper (hard) B,B. It will 
be observed the sides of the steel mandrel are tapered. The 
screw, shown on the steel mandrel with steel nut C, C, which 
nut is connected with B, B by the pins D, D, is the means 
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parts are fitted the tines ; a radius rod is jointed to each 
connecting rod a short distance above this crosspiece 
which carries the tines; this radius rod acting asa fulcrum 
causes the extremities of the tines to describe an oval ; 
as the crankshaft revolves (in a contrary direction to the 
road wheels) the tines enter the ground nearly vertically ; 
as the crank passes the lower centre the tines are pushed 
backwards, tear the earth up, and turn it over. A train 
of wheels transmit motion to the road axle, on which the 
driving wheels run loose, but are thrown into gear by 
clutches worked by screws, which are tapped into the 
axle. The machine is steered by the leading wheels. 
In setting to work, the hemp rope, which is driven from 
a VY groove in the flywheel of a portable engine, is led 
round the field on pulleys and porters, and takes a turn 
round the driving t pulley on the machine, as shown in 
the engraving. en the digger has made a journey 
up the field and arrives at the headland, the tines are 
lifted by the handwheel, which depresses one arm of the 
bell-crank ; on the other end of this bell-crank the for- 
ward ends of the radius rods are hung, and as it is forced 
back the tines are lifted out of the ground, the land-side 
wheel is then released by withdrawing the clutch, the 
inner or land-side wheel remaining stationary. 

The machine and tackle are worked by thres men and 
a boy, viz., engine driver, a man to attend to the machine, 


ty | boy to steer, and one man to move at each bout the 


anchors, which are ordinary farm wagons with pulleys 


; | fixed to them. 


With an eight-horse power portable or traction engine 
five acres can be dug per day at a depth of 9 in. 

These machines are constructed by Messrs. J. and F. 
Howard, of Bedford, from the design of Mr. J. H. Knight, 
of Farnham. 











by which B, B slides along the tapered sides of mandrel, 
causing the lap to expand or contract in diameter as re- 
quired. On the nuts opposite D, D, a groove is formed to 
enable the nut C,C to be freely turned round. I find it 
much facilitates the working of this instrument to cut two 
or three grooves longitudinally in the external diameter of 
B, B for the admission of oil and emery. This lap is 
adapted to work in a common drilling machine, on the 
table of which the work is secured, the lap to be worked 
from end to end to prevent it being unequally worn, 
and to insure perfect cylindrical holes in joints. 

These laps may be made with more than two copper seg- 
ments, as shown in Fig. E, but I find p ly two 
segments, even 3} in. in diameter, used for crossheads pro- 
duce results 


Believing this expanding lap may prove of interest to 
many of your readers as an instrument which does its work 
qqeellly and well, is the reason of requesting you to make 
it known th: h age columns. ous 

am, Sir, yours respect! ’ 
; W. M. Davison. 

Moscow-Riazem Railway Works, Moscow, June 3, 1877. 





Water Suppty aT BrisBaNE.—The Enoggera reser- 
voir, from which is derived the whole of the water supply of 
Brisbane, has been the subject of oleate lnauity and 
report of late, as the water has become so as to be 
scarcely fit to drink unless it i i 
cause of the trouble 

and decom 
come i 


siderable 
will in time become 
case, the i 
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AUTOMATIC EXPANSION GEAR. 


On the Economy of Variable Automatic Expansion in 
Steam Engines.* 


By Mr. Joun C. Fett, of London. 


Tux economical use of steam is a subject that receives 
much attention, and the further reductions which are being 
constantly effected in fuel consumption show that there is 
still room for improvement in that direction. 

For the use of steam in the most efficient and economical 
manner a considerable degree of expansion is required, and 
the theoretical gain by different degrees of expansion 

from 13 per cent. when cutting off at seven-eighths 
of the stroke to 208 per cent. when cutting off at one- 
eighth. The amounts for intermediate degrees are shown 
in the following Table, in which the initial steam is taken 
in each case at 60 Ib. per inch total pressure including the 
condenser vacuum, and the mean pressure p in the cylinder 


’ 





‘ that of throttling 


method is infnitely preferable and more economical than 
T Shdeh wag ts oaiieborsieage oie 
The economy which may us ways 
the steam at Tuk teller posses ith the maximum expan- 
sion that the a ee may be ae 
by an i ion of indicator diagrams. diagrams 
Sleds whale Mass sven cuales 
mill engine, subjected to considerable variation 
Thediagrams weretakenat iderable intervals, so as fairly 
represent the variations in the work of the engine 
throughout the day. The engine is one of a pair, with 
cylinder 42 in. in diameter and 6 ft. stroke, and was in 
first-rate order, and considered to be working at a very fair 
aithe sieaplest method of ascertaining at what improved 
e simplest mi 0 at what impro 
economy the engine might have been worked, under con- 
ditions of vari automatic expansion, is to estimate what 
might have been the maximum work which could have been 
obtained from the steam when used at the fullest rates of 





eoretical expansion diagrams, 


is calculated by the ordinary formula p=b (1 + hyp. log. expansion. This estimate may be most easily made by con- 
R | strueting th ich 


R), in which P is the initial pressure and R the ratio of ! present exactly the same amount of steam 


expansion. 
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w 
finally delivered 
to the condenser as in the case of the actual diagrams under 
notice. i 

The calculations by which this may be done are founded 
on the two simple facts that in each of the throttled 
diagrams, the final pressure at the end of the stroke indi- 
cates the pressure at which one cylinder full of steam is 
disc into the condenser, and hence the actual weight 
used per stroke. The initial boiler pressure is known, 
namely, 33 Ib., at which that steam might have been taken 
from the boiler. It is then a matter of simple calculation 
to decide the ratio of —— or the point of cut-off, 
which with given initial boiler pressure would produce a 
given final pressure at the end of the stroke. 

In this way a series of theoretically correct y soye 
di ms are built up on the drawing in dotted lines to 
each throttled diagram, on the basis that the same final 
volume of steam is passed from the cylinder in each com- 
parable case. 

If now the actual work represented by the relative 
di s be estimated, throttled versus expansive diagram 
—the weight of steam used being the same in both cases— 
we shall arrive at a perfectly just conclusion as to the relative 





These theoretical comparisons of relative y are 
however found to be considerably reduced in practice from 
the fact that the surface, cooling the steam by radiation, 
is increasing in the same ratio as the distance travelled 
over, or as the ratio of expansion. Thus when expanding 
eight times, the total surface over which the same weight 
of steam passes is eight times greater than when working 
with no expansion at all. This will then in the former 
case multiply the percentage of loss from outside radiation 
eight times compared with the latter case. A further loss 
is also occasioned under high grades of expansion by the 
liquefaction of the steam due to the performance of ex- 
pansive work. 

Consequent upon the general acceptation of the very 
considerable economy resulting from the use of steam at 
high rates of expansion, much attention has been directed 
to the designing of engines to use steam at exceptionally 
high rates of expansion. This source of economy has 
probably sometimes been pushed beyond its practical limits 
of efficiency. When the initial pressure of the steam is 
but moderate, such as from 40 1b. to 601b per square inch 
above atmosphere, the practical limit of economical expan- 
sion for average work is soon reached at about a cut-off of 
one-fourth to one-sixth. This is occasioned by two prin- 
cipal facts: First, that for higher grades than this the 
theoretical increase of efficiency gained from the steam 
proceeds but slowly, and at the same time the practical 
causes of loss from radiation and condensation are increas- 
ing at almost or quite an equal rate. 

"econ , there will be always a practical limit to 
economical expansion, depending upon the ratio of the 
dead load on the engine to the initial sure at which it 
is working. This will be seen from the consideration that 
the workjof an engineis'twofold, namely, the overcoming of 

resistance of plant and s) ing, and also the effecting 
of a balance of net work mt Navy this. When the engine is 
— of overcoming the dead resistances only, with no 
balance for effective work, it may as well be stopped at 
once, as any steam then expended is literally thrown away, 
as it effects no margin of useful work. In such a case 
theoretically the motor would stop as soon as equilbrium 
was established by reduction of pressure, but in practice 
the momentum of the flywheel carries on the engine over 
this non-effective point, and it would not be noticeable but 
from inspection of the diagrams. The effect of this action 
of the flywheel is that when the motive power of the engi 
alls below the dead resistance, any effective work or portion 
of the dead resistance overcome is effected by the work 
borrowed from the early portion of the stroke and stored 
up in the flywheel. 

This is no loss of work or economy until a portion of the 


dead resistance is overcome by the momentum of tie fiy- | i 
i flywheel is robbing the effective | automatically to the 

e| been carried out and applied 
be thus fixed— | and Co., has been watched by 


wheel ; after this pet e 

portion of the first part of the stroke, to overcome the dead 
resistance of the latter part of the stroke, and thus causing a 
distinct loss in the economical working of the engine. T 
limit of economy in ive working can 





y of the different systems. These calculations have 
been carefully made for the comparative di shown, 
and the relative horse powers have been obtaimed from the 
throttled diagrams, from what might have been true ex- 


pansive diagrams—the same weight of steam being used 
in both cases—and these results are shown in the following 
tabulated results : 
Throttled Di . Expansive Diagram. 

319 Ind. HP. 319 Ind. HP. 

318 Sti, 349—Ci«s, 

ae te es a 

Raat 2460 —C sy 

ape 211 ” 

Totals 1018 1395 


It will be seen from these results that the Lot of 
true ex ion versus throttling increases as the le of 
ex on, and can in some instances reach as much as 
100 per cent. economical advantage. However, taking the 
above as averaging a day’s work, we find an advantage of 


27 per cent. more work that might have been obtained | ty, 


from the steam actually 


used, if truly expanded at all times 
to suit the varying load. The practical conditions would 
be, not that more work would have been obtained from 
the steam used, but that proportionately less steam would 


have been required to effect the work. - 

















diagrams to 
a governor adapting itself 
work required in any re- 
volution, without attention from the driver. The working 
of Rider’s variable automatic expansion gear, which has 


These variable expansive 
practical use, be effected 


by Mi . Hayward Tyler 
the writer for some years, 


expansi 
that the steam shal! not be allowed to fall in average work- | and its working and economical effects have been found to 


ing below that pressure which is sufficient to overcome the | give great satisfaction 


ead inertia and frictional resistances of the 
= Though this may be taken as a rule in fixi 
rate of expansion for a 


i and 


capability of cutting off the su of steam at an 
and eae portion of the s' 4 
come much reduced, as it will now be shown that this 
- * Paper read 
Engineers at Bristol. 





. working, it does not cut-off slides, 
necessarily mean that the engine should not have the | to each other. The 


e should the work be- valve is circular, struck radially from the centre 


pefote the Institution of Mechanical | 


This valve gear* is of the simplest character, and varies 

the ‘as little as possible from the ordinary under and 
worked by two coomuleine th Ghaeh endian 
main valve as illustrated is the ordi- 


é 


nary slide D valve, except that the 


° ex- 
f ing- | side 
Sitemaieraiat 





* [We illustrated this gear fully on pages 356 and 357 of 
our nineteenth volume, and pees ta ‘ore, for 


us to give engravings of it now.—Ep. E. 


expansion valve spindle, and the upper face of the steam 
passages are t through, inclined from the to 
ag era about 45 deg. This is done by 
twisting the cores. 

The outside expansion valve differs from the usual 
outside valve in that it is cylindrical, has its two out- 
. od dre tot onda ae e 

about eg. 80 as ‘orm a near t-ang 

twisted into a cylinder. es 
8 ity of construction in the cut-off valve and 
ports is ad so that the valve can rotate on its own 
, and by such rotation bring a relatively 
narrower or broader part of the triangular valve between 


the steam admission A 
As the stroke of the expansion valve from its eccentric 
remains the same and unaffected by the rotation round the 
valve spindle, the — of the cut-off varies with the 
angle of rotation round the spindle from maximum to 
minimum. The maximum range of cut-off may be to 
final closing altogether, and the minimum range of cut-off 
to admitting steam without cut-off for full stroke, except 
only ial cut-off by the lap and lead of the lower valve. 
This lap on both steam and exhaust side of the lower valve 
with suitable lead should be retained, in order to give 
suitable cushion of the steam and easy working over dead 
cen 

The rotation of the expansion valve round its own 
spindle is readily effected by suitable rs of the 
pendulum Cuwennees which to be most hb}. 
effective should not be too in the balls. 
rise and fall of the balls is communicated to a sleeve which 
raises or lowers a toothed rack. The toothed rack gears 
into a toothed quadrant on the e ion valve spindle, the 
rotation of which is thus secured by the rise and fall of the 
governor balls. 

There is nothing in this to get out of order or wear 
rapidly, and some five or six ” working in this coun 
has now shown it to be- thoroughly trustworthy an 
economical. Itis extremely difficult to obtain definite data 
in figures as to the economy effected in practice ee 
steam users by any such ical i as 
valve gear just described, . been within 
the last few weeks able to gather the following practical 
results, which amply serve to confirm the theoretical 
deductions previously made in this paper. This variable 
automatic expansion valve gear has been applied with a new 

vege og lan diameter + in. — ~ sonmnent en- 
gine wi! -pressure’cy r as above, w pressure 
about 21 in. in | tonne ty the expansion gear being fitted to 
the high-pressure cylinder. Before, this engine was worked 
with an ordi throttle-valve governor at a consumption 
of about 20 cwt. per week. ‘The consumption is now re- 
ported acres to be reduced to 16 cwt. or 17 cwt. per 
week, which shows an improvement in economy of from 
15 to20 per cent. This engine is ey Ser 
power and is thus only w through part of the week 
and at low power. ; 

This gear was also applied to a new 60 horse power com- 
pound condensing engine sent out to India, of which 


the reports are that she is the most eco in the 
neighbourhood (Calcutta), but no definite data are to hand. 


A 12 horse power engine, non- ing, fitted with 
this gear, was put down to replace a co ng beam 
engine, rather old, and the owners now re @ saving of 
two tons of coal weekly. Thisis partly o no doubt to 
the tightness of the piston and to the general efficiency of 


yg tm poy een not to the valve gear alone. — ania 
similar orse power engine, non condensing 
, was put down with Cornish boiler to re- 


with this 
place a 12 horse power ble ine and boiler, and the 
owners report a saving effected by the new engine of 18 cwt. 


week, and are obtaining about 33 per cent. more work 

m the engine. have also saved a further 18 ewt. 

of coal per week by substituting bark and rubbish for that 
further amount of coal. 


system le automatic ion. The 

promptness and of ion of this valve is 
marked. The work on engine when per ne 

to full power ply thrown off altogether with 
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page 101, are 57 ft. 6 in. high and 19 ft. in diameter 
in the bosh, while the crucible is 6 ft. 6 in, in diameter. 
They are hooped with wrought-iron hoops, the bosh 
being also hooped with very strong hoops in a similar 
manner, as shown by our engravings. The brick 
casing of each furnace is supported by eight cast-iron 
columns, surmounted by cast-iron girder plates, as 
shown in the views on the previous page. ‘The 
hot-blast arrangement with the four connexions to 
the Whitwell stoves is clearly shown by the general 
views on our two-page engraving, these stoves 
having been adopted for these furnaces by Mr. John 
Borrie in preference to any other, their advantages 
being also widely appreciated abroad. Particular 
attention has been paid to the gas tube arrange- 
ment for taking the gas off the furnace, and for 
cleaning out the gas dust. As shown by the views 
of the het on page 101, four gas down-comers 
have been adopted, these being connected together at 
their lower ends by a circular main, which again is 
supported by four down-comers with cleaning out 
doors at the lower end of each, through which the gas 
dust can be run out ; the main gas down-comer is 
connected to the above-mentioned circular main at 
the back of the furnace, and leads thence into a brick 
flue underground which conveys the gas to the stoves 
and boilers, a gas valve being inserted at the lower 
end of the down-comers. 

The charging apparatus is of the ordinary type 
now generally adopted in the Cleveland district, 
namely, a cast-iron hopper with composite bell, 
with hand winch for lowering the charges. The 
tuyeres are the usual coiled tuyere cast in metal, 
and there are five to each furnace, 

The hoist is a double-acting steam hoist with cast- 
iron columns bound together with cast-iron girders, 
and wrought-iron diagonal stays, as shown in Fig. 1 
of our two-page engraving. 

The pig beds are covered over with casting houses 
built of brick and with wrought-iron roofing in two 
bays of a total width of 80 ft. The slagging arrange- 
ment is clearly shown on the ground plan (Fig. 2 of 
our two-page engraving), there being room for nine 
slag bogies with cylindrical boxes. This arrange- 
ment is now considered ——— to the square fast 
box system, the slag balls from which, after having 
been drawn, so frequently burst, causing extra 
expense in cleaning and repairing roads, and even at 
times endangering life. By the use of the cylindrical 
box on the bogie, all this is prevented, the bogie and 
box being both taken to the slag tip before the box 
is lifted off. The box is then lowered on to another 
empty bogie to be returned to the furnace. 

he coke gauntry and ore stores are worked by 
a locomotive engine in preference to a hoist, this ar- 
rangement being considered by Mr. Borrie the safest, 
as it sometimes happens that the hoist breaks down, 
thereby stopping the delivery of all materials to the 
furnaces until the damage is repaired. In this case, 
should the locomotive break down it can be imme- 
diately replaced by another, and thus no stoppage for 
want of materials can occur on this account. The 
gradient leading to the top of the gauntry is made 
very easy, being 1 in 100, so that one locomotive 
could supply all the materials for eight furnaces, 


to which number this range may ultimately be ex- | grega 


tended. 

The blast engines are vertical compound condens- 
ing, by Messrs. John Cockerill, of Seraing, the type 
being that of which we gave a two-page engraving 
in our number of October 10, 1873 (vide 294 
of our seventeenth volume). The high and low- 
pressure steam cylinders are placed side by side 
on the bedplate, the blowing —s sing over. 
head supported by columns, e flywheel shaft 
ae underneath the steam cylinders with suf- 

cient room to admit of the shaft and bearings 
being properly examined and attended to at all 
times, and it carries a flywheel at each end, these 
wheels being provided with crank-pins which are 
coupled by connecting rods to a crogshead working 
between the steam and blowing cylinders. The 
diameter of the blowing cylinder is about 100 in. 
with 8 ft, stroke. Two of these engines will be put 
down at first, room being left for a third or spare 
engine. 

he blast engine boilers are nine in number and 
are of the plain cylindrical egg-ended type, each 
boiler poe being in two lengths, 40 ft. and 30 ft. 
respectively, and 4 ft. 6 in, in diameter, connected 
together with a copper steam pipe bent to a semi- 
circle, and a wrought-iron sludge or connecting tube. 
This system has been adopted, as it gives great 
facility for cleaning and repairs. The working pres- 
sure of steam is 60 lb. per square inch above the 








atmosphere. As will be seen on referring to Fig. 3 
of our two- engraving, the gas, before coming 
into contact with the boiler, is sAmitted to a combus- 
tion chamber with double walls, having an air space 
between them, the gas being mixed in this chamber 
with the necessary quantity of air for its proper com- 
bustion. A firegrate is also added, to be used for 
firing with coal at such times only as the furnaces 
may be standing from any cause longer than usual. 
The chimney in connexion with the boilers is 
placed on the high ground as shown, so that the 
waste gas from the Whitwell stoves may be con- 
veniently taken to it. To meet these requirements 
it is made 160 ft. high and 15 ft. in diameter inside 
throughout, the outside diameter at the base being 
50 ft. Altogether, as will be seen on an examina- 
tion of our engravings, the works have been laid 
out with mach care and Lp ary and they form a 
good example of a modern blast furnace plant. 


LITERATURE. 


tance val 
Reports on the im International Exhibition of 
1876. Vol. I 








[Seconp NotIce.} 
Tuts first volume, the official portion of which we 
have already noticed, contains twenty-five reports 
on various subjects, most of them prepared by 
judges in the respective sections, and all by more 
or less competent writers. Whatever were the 
subsequent defects of the English administra- 
tion at Philadelphia, Mr. Owen had, among the 
many details of his excellent but incompleted 
programme, decided that the reports on exhibits 
should be as complete and valuable as possible, and 
the arrangements he made in this respect were 
fortunately not thwarted. As a consequence we see 
among the authors of the reports, the names of 
Mr. Lowthian Bell, Mr. Soden Smith, Sir 
Sydney Waterlow, Major W. H. Noble, Captain Gal- 
ton, Colonel F. H, Rich, Mr.W. H. Barlow, Mr. John 
Anderson, Sir William Thomson, Sir John Hawk- 
shaw, Mr. W. Hulse, Sir Charles Reed, Mr. C. W. 
Cope, and Mr. F. A. Paget, whose excellent report 
on Peat at the Vienna Exhibition will be remembered. 

We must not allow it to be inferred that all these 
gentlemen have done themselves, or their subjects, 
justice. The quality of the reports is very unequal, 
and in some instances—notably in the report on ‘Tex- 
tile Machinery by Mr. Hulse—a subject of great 
gy and importance has been dismissed in a few 
ines. 

As might be expected, the report of Mr. I. L. 
Bell on the Iron Manufacture of the United States 
is especially a valuable document, and demands a 
long and careful notice, The author commences his 
report with a brief review of the iron exhibits at 
Philadelphia, other than those of the United States. 
Commenting on the absence of display that rendered 
this country conspicuous, Mr. Bell remarks: ‘It 
is perhaps worthy of consideration by our manufac- 
turers, whether it is altogether prudent for the 
largest iron-making community to be absent even 
in a country where no customers are to be expected. 
Visitors from all corners of the earth were con- 
ted, and it was remarkable with what atten- 
tion those from China, Japan, and other remote 
countries, examined every article brought for in- 
spection. Who knows how soon they may be large 
consumers of rails, cast-iron pipes, and steam 
engines? Our colonies seem to have had more fore- 
sight.” After some remarks upon the past and 
wey position of the iron industry in the United 

tates, and on the cost of coal and ore production, 
Mr. Bell proceeds to consider in detail the fuel 
resources of America, Asa coal-producing country, 
the United States stands now second among the five 
great coal-bearing countries of the world, according 
to the output of 1875. 


tons. 
Great Britain on 131,867,105 
United States ese 500,000 
Germany 45,645,193 
France eee 16,949,031 
4,407 


Belgiam li... - om ove 1 ,082 

The coal-bearing strata, however, of the United 
States are by far the largest of the world, they cover- 
ing about 200,000 square miles, against the 8000 of 
this country, so that its fuel resources are, humanly 
speaking, inexhaustible. In certain iocalities, chiefly 
in Pennsylvania, the abundant existence of natural 
gas supplies a fuel which, at least in one instance, is 
used extensively in iron manufacture. Here the 
supply is ee inexhaustible, the cost of 
obtaining it being simply that of tapping the strata 





imprisoning the gas, while as fuel it will do three 





times the amount of work of coal. Charcoal is used 
very largely as fuel in the production of iron. 
Thus in 1875 the total amount of pig iron produced 
was : 





tons. 
Anthracite a il 908,046 
Bituminous coal and coke 947,545 
Charcoal ... oe ono 410,990 
2,266,581 


Of the whole production during the last six years, 
that of charcoal iron forms about 20 per cent. 
Timber from about 80 square miles of land, yielding 
from 40 to 50 cords (a cord measures ] 28 cubic feet) 
to the acre, is used annually for making charcoal, 
and yielding about 3,000,000 tons of wood, or 
600,000 tons of the finished material. The cost of 
conversion varies of course with the district in which 
the charcoal is made. The prices, however, are about 
as follows: 

Michigan, price per ton from 34s. 3d. to 37s. 8d. 

Ohio 31 


a - s. 8d. 
Virginia os 9 27s. 7d. ,, 31s. 8d. 
Missouri 30 pe 24s. 9) 388. 7d. 
Kentucky ,, ae 24s. 3d. 
Tennessee _,, ° 33s. 2d. 
Alabama 258. 4d. ,, 38s. 7d 


Mr. Bell estimates the quantity of ore smelted in 
the United States during the year 1875 at 4,370,000 
tons. The clay ironstone of the carboniferous 
measures is chiefly obtained from the Hanging 
Rock district in Southern Ohio and Northern 
Kentucky. Smaller quantities are mined at Johns- 
town, Cambria County, Pennsylvania. In the 
former the seam is not over 15 in. thick; in the 
latter there are two seams together from 24 in. to 
27in. The produce of one man per day varies from 
half to three-quarters of a ton, and the wages paid 
average about 7s. 6d. per ton. The stone is 
delivered at the furnaces at 15s. per ton, and the 
yield is about 40 per cent. The present price of 
Staffordshire claystone is 18s. per ton, and the 
yield also about 40 per cent. Blackband ironstone 
is found in large quantities on a very extended 
area in the United States. It has, however, only 
been worked to a limited extent in Tuscarawas 
Valley, Ohio, and the yield is only about 40 per 
cent., as compared with 60 generally yielded 
5 Ewer ore in this country. The American 
blackband is very silicious, but properly treated it 
yields an iron corresponding to Scotch pig. The 
ores containing oxide are generally aor mag- 
netic oxide, and red and brown hematite. The 
celebrated mines of the Lake Superior district are 
aituated between Escanaba and l’Anse. The cost 
of this ore in the railway wagons varies from 
6s. 6d. to 8s. 6d. perton. The yield of metal is 
from 60 to 66 per cent., exceeding that of the corre- 
sponding English ores by 10 to 15 per cent. The 
openings from which the ores are obtained are 
200 ft. or 300 ft. in length, 100 ft. to 200 ft. in 
width, and not deeper than 200 ft., the ore not ex- 
tending beyond that depth. 

The Lake Champlain deposits are of remarkable 
extent. At thelargest mine—that of Port Henry— 
the ore is extracted partly by open and partly by 
close work ; the former in a quarry 250 ft. square, 
and 250 ft. deep. In the quarry floor a shaft is 
sunk passing through pure ore for a depth of 140 ft., 
and excavations are made laterally from this shaft. 
In the workings now existing, the roof is upheld by 
five columns of ore, containing from 70,000 to 
80,000 tons. Steam-worked drills are used, and 
the miners earn about 6s. 7d. per day of ten hours, 
Each man produces about 2 tons per day, and the 
ore can be put alongside vessels at the lake for 
8s. 6d. to 10s. 6d. per ton. The yield ranges from 
60 to 62 per cent., but the metal contains too much 
phosphorus for making Bessemer steel. These 
mines were first unsuccessfully worked—not for the 
sake of the iron—but for phosphate of lime for 
artificial manure. About half a million tons per 
annum can be produced from the Lake Champlain 
mines, 

The ore Renee at Cornwall Banks, 85 miles 
west of Philadelphia, are of extraordinary interest 
and extent. The ore forms a hill three-quarters 
of a mile long, 500 ft. wide, rising to 350 ft. 
in height, and penetrating below the surface from 
50 ft. to 180 ft. This ore is loaded into wagons at 
54d per ton. One man can blast and load 10 tons 
per day, and a railway track is laid up the hillside 
so that the wagonsare close tohand. The oreis ve 
sulphurous, but is free from phosphorus, and is w 
adapted for the Bessemer converter, Although many 
thousand tons a day could be easily despatched from 
this extraordinary deposit, it is only worked to a 
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small extent, as the people who own it prefer to 
confine the output to their own requirements, 
About 220,000 tons a year are made use of. The 
Iron Mountain, Pilot Knob, and Shepherd Mountain, 
80 miles south-west of St. Louis, are also remarkable 
mineral deposits. The ore is specular, and very 
hard and dense. In Iron Mountain the deposits 
exist in varying thicknesses up to 70 ft. or 80 ft., 
but as at least three tons of rock have to be broken 
down for each ton of ore, the cost of obtaining is 
not low. Including railway freight at 14d. per ton 
per mile, it is delivered at St. Louis at about 13s. 6d. 
per ton. The yield is 72 per cent. Some 1000 tons 
or 1200 tons per day are quarried, and a large 
quantity is forwarded to Chicago. Pilot Knob has a 
seam 30 ft. in thickness, It is harder and more ex- 
pensive to work than that of Iron Mountain, and 
contains only 56 per cent. of iron. 

The brown iron ores are found in the elevated 
regions of the Appalachian chain, the y emeen being 
richer towards the south. In some of the northern 
mines, where ore is excavated for the Lehigh Valley 
furnaces, the mineral lies in loose gravel, and con- 
tains so much foreign matter, that it requires wash- 
ing. The yield is 35 percent. It is delivered at 
the furnaces at 12s. or 13s. per ton. In Virginia 
these ores are of a superior quality, andthe actual 
cost of mining does not exceed ls. 9d. per ton, 
brought up by cartage, &c., to 6s. 6d. per ton at the 
furnace. The yield is about 50 per cent. of iron. 

The largest deposits, however, occur in Alabama 
and Georgia, where the —— is from 40 to 45 per 
cent. of metallic iron, and the ore is delivered for 5s. 
or less per ton ; in one instance the price = being 
7s. 6d. per ton of finished iron. Mr. Bell mentions 
one deposit alongside the Alabama and Chattanooga 
Railroad, forming an elevated ridge a mile long, and 
one quarter of a mile wide, evidently containing a 
deposit of solid ore from 150 ft. to 200 ft. thick. 

ed fossiliferous ore occurs in large quantities, 
and of varying composition, sometimes silicious, 
sometimes calcareous. In Alabama such deposits 
are 30 ft. in thickness, the top 8 ft. being good 
and yielding from 33 to 50 per cent. of iron. The 
cost of extraction is 2s., and of delivering at the 
furnaces 7s. 6d. This deposit gradually diminishes 
in thickness towards the north, and though it is 
found on the banks of the Susquehanna, but little 
is extracted. Mr, Bell finds that the average pro- 
duction of American iron ore is 56 per cent. of metal, 
while that of Great Britain is 35 per cent., from 
which it results that in the United States for one ton 
of iron produced, one ton less ore has to be smelted 
than in England. Of British ores less than 124 per 
cent. are adapted for making Bessemer steel ; in the 
United States 33 per cent. are suitable for this pur- 
pose. Limestone is more expensive in America 
than here, 2s. 6d. per ton at the furnaces being an 
average price here, while it ranges from 2s. 6d. to 
6s. 7d. in the United States. 

Mr. Bell considers at some length the difficulties 
under which the manufacturer of the United States 
labours on account of the “ magnificent distances” 
of that country, especially with regard to the ex- 
penses of Sn materials necessary to iron 
production to the centre of manufacture, and in 
the distribution of the iron produced, and in con- 
nexion with this subject he mentions some instances 
of remarkably low freight charges. Pig iron is 
transported 400 miles to Louisville for shipment on 
the Ohio to Pittsburgh, Cincinnati, &c., at 16s, 9d. 
per ton ; and again from Chattanooga to St. Louis 
—1000 miles—for 19s. per ton. As regards river 
traffic, coal is sent down the Ohio and Mississippi, 
for a distance of 1600 miles, at 1s. per ton. 

Turning to the manufacture of iron in the United 
States, Mr. Bell points out that taken as a whole 
American iron works are quite on a level with those 
of this country, while in many points English iron- 
masters might do well to follow the example of 
those in the United States, and learn exactly what 
is being done in that country. It is however some- 
what curious, that while few valuable features in 
English practice have not been followed in America, 
the very important modificationin blast furnace 
construction established here some years ago, has 
only been very partially followed in America. Out 
of the 713 blast furnaces now at work in the United 
States, not more than a dozen are much above 60 ft. 
in height, while many are only 50 ft., although it 
has been clearly demonstrated that an additional 
15 ft. or 20 ft. of height is attended by very great 
economy of fuel, One very special feature in 


American blast furnace practice is the use of anthra- 
cite coal. 


Wages in this industry are practically 





the same in this country and the United States, but 
the cost of labour per ton is much greater in the 
latter than in the former works, showing that the in- 
dustry is not so far advanced. There are of course 
some exceptions where a very large yield is obtained, 
with a corresponding reduction in the price per ton. 
Thus Mr. Bell mentions three furnaces recently 
erected in Pittsburgh which turn out 100 tons of 
iron a day, and charcoal furnaces in Lake Superior, 
which produce 200 tons of iron per week, with the 
consumption of somewhat less than one ton of char- 
coal per ton of iron. 

Mr. Bell’s remarks on the manufacture of wrought 
iron and steel, and their conversion into merchant 
irons, takes rather the form of disjointed notes than 
consecutive narrative; our review will therefore 
follow the same course. 

With a view to reduce the hand labour in puddling, 
the Dowlais Iron Company, at least twenty years 
ago, spent many thousands of pounds in experiments 
for substituting mechanical for hand labour; 
these experiments, however, failed. In America, 
where the higher price of labour would give to 
mechanical puddling a still higher value, nothing of 
importance was done till many years later, and in 
1871 Mr. Danks brought his process before the notice 
of English ironmasters, It will be remembered that 
a commission was appointed by the Iron and Steel 
Institute to go to America and examine into the 
process. This was done, and the reports were so 
satisfactory, that a mill forge and mill costing more 
than 100,000/. were established to work the Danks 
process. Failure, however, followed, both here and 
in America, and at the end of 1874, only two works 
inthe United States out of the many that had 
established the Danks machinery were using it, and 
these two only by day. It appears, however, that 
the many difficulties are now in a fair way to be 
overcome, and mechanical puddling is in constant 
use, day and night, at the present time at the works of 
Messrs. Hopkins, Gilkes, and Co. 

At the end of 1874, the price paid for puddling 
on the Tees was 10s. 9d. perton. ‘The average price 
paid in the United States was 20s. 7d. Sinoe that time 
considerable reductions in wages have been made in 
both countries, but the cost of wages in America 
for this class of work is now fully 25 per cent. higher 
than in England, The exesiionss of quality of 
work done by the men is about the same in both 
countries, as isalso the turn-out of the rail mills. In 
some instances in rolling bar iron, the wages paid 
are nearly double those of this country. 

Cold rolling is an American specialty in which a 
very large trade is done, and to which we have on 
several occasions called attention. The bars are 
passed about a dozen times cold through the rolls, 
with the result of compressing the bars considerably, 
increasing their strength and finishing their surfaces, 
so that they are adapted for shafting, piston rods, 
&e. 

Before American engineers and metallurgists 
established any Bessemer works in their country, 
they studied with the utmost care the plant then 
existing in England, and they were then enabled 
while adopting al! good details, to improve in many 
important respects. Mr. A, L. Holley undoubtedly 
takes the lead in the steel industry in America, and 
by the modification and improvements he has intro- 
duced he has added something like 25 - cent. to 
the working capacity of the plant, e system 
adopted by the French some ten years ago, of run- 
ning the pig direct from the blast furnace into the 
converter, has not, however, according to Mr. Bell, 
been yet attempted in the United States. In 1876 
the productive capacity of the various Bessemer 
works in the Union was 500,000 tons, chiefly in the 
form of rails, and this turn-out is greater the 
existing demand. 

The Catalan forge, long extinct in England, and 
rarely met with on the Continent, is not unfre- 
quently found at work in America. There are 
39 forges in which wrought iron is still made by it, 
direct from the ore, the annual capacity being 
60,000 tons, all charcoal iron. About 60,000 tons 
of blooms are also made after the Swedish and 
Russian methods. 

The steel-making process, by placing iron sponge 
in a bath of melted pig iron, has not proved suc- 
cessful, and the works where the process was carried 
on are now closed. Some 45,000 tons of Siemens- 
Martin steel are made annually, the same quantity 
of crucible steel, and 63,000 tons of German blister 
and puddled steel. 

ant of space prevents us from following Mr. 
Bell through his somewhat.elaborate analysis of the 





labour —_ in the United States, and the 
relation between the manufacturing capacity of iron 
works, and the available supply of oil and coal, 
With regard to the latter question Mr. Bell re- 
marks that the Coal Association in the anthracite 
district has proved a failure, and blast furnace 
owners will probably be able for the future to 
purchase fuel at fair prices. It is different with the 
ore, however ; more furnaces exist than can be ke: 
in blast by the supply of ore at present available, 
and the price, which is of course dependent upon 
the demand, is more than ironmasters can pay. It 
was confidently expected that the practical ex- 
clusion of the pig iron formerly supplied by Great 
Britain, would create ample employment for all new 
furnaces built, But during six years the American 
consumption has fallen off to the extent of one-half 
the quantity formerly imported, more than half the 
furnaces are idle, and many of the others are work- 
ing at aloss, although getting higher prices, than 
when British pig competed in the market. 

As a result of his observations during his visit 
to the United States, and his examination into the 
iron industry of that country, Mr. Bell arrives at the 
following conclusions : 

1. “That the powers of iron production, between 
the years 1870 and 1875, were increased in the 
United States far beyond any possible requirements 
of the country. 

2. “That the high prices which led to this per- 
mitted and induced the manufacturers to accede to 
demands from certain sections of the workmen, 
which are now acting adversely to the true interests 
of the trade. 

3. “That the same causes reacting on the value 
of the raw materials, along with the increased value 
of labour, as above stated, have unduly added to the 
cost of iron. 

4, ‘‘That the interference with the laws which 
regulate the prices of commodities has, in the case 
of anthracite coal, added to the difficulties of the 
iron smelters; and the sudden demand made on 
mines incapable of meeting it, has increased those 
difficulties by an unhealthy addition to the selling 
price of iron ore. 

5. ‘* That the protective duties levied on forei 
iron entering the United States, by raising the 
price there, are chargeable with a portion of the 
mischief, 

6. “‘That the natural resources of the United 
States of America are such as to render any pro- 
tective tariff unnecessary, which tariff is, moreover, 
an injustice to other branches of industry.” 

Our review of Mr. Bell’s report has extended to 
so great a length that we must defer a notice of the 
remaining ones in the volume until another oppor- 


tunity. e may, however, take this occasion of 
—— our surprise that the majority of the 
reports take the form of letters addressed personally 


to Colonel Sandford, instead of being official docu- 
ments submitted to the British Commission. We 
may also remark that the heavy work of editing the 
whole volume has been very carefully done, and 
reflects much credit on Messrs, Trendall and Sweny. 





THE PENNSYLVANIA RAILROAD. 
No. XXXII.—LocomorTivEes—(continued). 
Driving WHEELS. 

Fias. 25 to 30, on page 104, show the standard form 
of driving wheel, the one selected for illustration 
being 62in. in diameter. It consists of a cast-iron 
body and a steel tyre. The tyres used by the Penn- 
sylvania Railroad used to be either of. Krupp’s or 

ickers’ make, but these are now entirely abandoned, 
tyres of American manufacture—chiefly those from 

e Standard Works at Lewistown e from Otis 
steel—being employed. Fig. 30 shows the standard 
section of tyre The thickness is 3 in. and the 
breadth 5$in. The form of the body of the wheel 
is shown clearly in the engravings. The mixtures 
of irons employed are as follows : 

Anthracite pi eve . 66.6 cent. 
Scrap of p< ove «. §=88. cae 

The wheel has 15 spokes, cast hollow, and in one 
piece with the rim and nave or hub, The latter is 
124 in, in diameter, and the diameter of the boss 
for the crank-pin is 8}in, The spokes are oval 
in cross section, as will be seen in Figs. 28 and 29. 
They taper from 57s in. in the major axis and 2§ in. 
in the minor, at the nave, to 4,5 in. and 24 in. re- 
spectively, the thickness decreasing from ly, in. and 
#4 in. to lin, and $in. respectively. By reference 
to Fig. 25 it will be seen that at a point 12 in. from 
the centre of the wheel the inside of the spoke 





































104 ENGINEERING. [Auc, 10, 1877, 























THE PENNSYLVANIA RAILROAD; DETAILS OF DRIVING WHEEL AND LOCOMOTIVE CAB. 
(For Description, see Page 103.) 
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THE PENNSYLVANIA RAILROAD; DETAILS OF LOCOMOTIVE CAB. 
(For Description, see Page 106.) 
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begins to taper, so that an increased thickness is 
given tothe metal. This taper is such that the 
inner faces of the spokes meet within j in., at 
a distance of 6} in. from the centre of the wheel, 
and corresponding to the radius of the boss. At this 
point the hollow portion of the spoke terminates, as 
shown. Outside, however, the spokes terminate on 
a circle of 9 in, radius from the centre of the wheel. 
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Five of the spokes on the side opposite the 
crank-pin boss have a receptacle formed between 
them to receive lead used for counterbalance. Six 
distance pieces, 1} in, in diameter and 6} in. apart, 
are cast in this receptacle, os to prevent the 
lead from shaking loose, Three holes 2 in, in dia- 
meter are also left in the iron through which the lead 
is poured in. The depth of the rim is 3} in., and the 
section is shown in Fig. 26, where it will be seen 
that the outer faces, back and front, are 1# in. deep, 
while the inner of the rim is curved with a 
radius of 24 in., the thickness of metal ly; in. The 
length of the axle seat is 6}{ in., and a line drawn 
through the centre of the tread, as in Fig. 27, passes 
within 2 in. of the inner face of the boss. 








and is framed, as shown in the section, Fig. 31. The 
timber forming the double roof is all planed, tongued, 
and grooved, and is curved with a radius of 20 ft. 
24 in, Fig. 32 shows the system of framing the roof. 

he space between the outer timbers is occupied at 
intervals of 1523 in., with carlines, curved to suit the 
camber of the roof, and measuring 1} in. by 1} in. 
There are altogether eight of these joists. The 
ends of them are notched to fit into the main side 
timbers, which are shown —— in Figs. 36 and 37. 
These latter are 7 ft. 5} in. long and 10 in. maximum 
depth ; they are hollowed, as shown, to form the top 
of the two side windows, and are tenoned at the 
end to fit into the mortices of thefronttimber. The 
front and sides of the cab are formed of 1} in. 
timber, the former fitted to the firebox shell, to 
which it is fastened by }in. bolts and angle irons. 
There are four windows in the front, the outside 
windows being in the doors, which are 47}in. by 
13}in. (Fig. 32), and between the two middle lights 
is the opening to admit of the bridge pipe of the 
engine. Fig. 39 is a section on the line C D (Fig. 
82), from which it will be seen that the timber is 
here strengthened by iron plates 4 in. thick. Figs. 
88 and 40 show details of the same part, the latter 
also giving the main front timber of the roof 7 ft, 
9 in. long, 1? in, thick, and 10 in. maximum depth, 
hollowed to form the top of the four windows in 
the front of the cab. A second timber 12 in. below 
the upper beam, and 7 in. deep, is framed across the 


| front into the vertical post of the structure. By 


reference to Fig. 31 it will be seen that 4 in. bolts 

ass at intervals through the front timber from 
immediately below the roof to a point 17} in. below, 
and are screwed op Py nuts in recesses cut in the side 
of the framing. e top corners are stiffened with 
} in. oe plates 6 in, deep by 12 in. long, fastened 
with eight }in. bolts, and at the bottom similar but 
larger angle plates are introduced, as well as iron 
stanchions, extending from the running board level 
to the sills of the side lights. The front corner 
posts are rounded, and the framing timbers are 
morticed into them, as well as held by embedded 
bolts, as shown in Figs. 41 and 42, where the 
angle brackets already mentioned are also indicated. 
The sides terminate at the rear in a half-round 
moulding, but the ends are returned for a length of 
21}in., leaving a central entrance into the cab about 








might generally be employed with better results than 
horse pee. 

Such short lines as I speak of, are best made on as 
narrow a gauge as is compatible with the weight and bulk of 
the traffic, because the narrower the gauge, the lower will 
be the first cost. Also less land will be taken up, sharper 


curves can be laid out, and buildings or zane more con- 
veniently entered. It will be in objection that the 
ordinary gauge, if a line be e at all, is ; as the 


smaller wagons have to be transhipped into the larger at 
the station. But practically the e wagons, even where 
brought up to the works, can rarely be directly loaded, par- 
ticularly in the case of minerals, and, therefore, little 
narrow gauge trucks, which can be run up to the face of 
the work, or in and out of the buildings, and thus loaded 
direct, are seldom at a disadvan’ com with the 
larger ones, especially as there is little difficulty in the 
transhipment with proper appliances. To a full-sized gauge 
there is frequently another objection to be urged besides 
the cost, I mean the unsightliness, which, when a line has 
4 Le} over land belonging to others, is often made a great 
eal of. 

As to the exact gauge which it is advisable to adopt, it 
must depend upon the nature of the traffic, but for lines 
of this kind 24 in. is amply sufficient to meet any traffic, 
and in most cases a gauge of 15 in. or 18 in. would suffice. 
From experiments I have made I believe that 15 in. is as 
narrow a gauge as it is advisable to construct for practical 
use, although there is at Furness Abbey a line of 8 in. 
gauge carrying a ton of ore in each wagon. 

As to the stability of such narrow gauges, Mr. Spooner 
on the Festiniog Railway, has conclusively shown that with 
properly designed rolling stock they are perfectly safe. I 
myself laid down four years ago a short circular line three- 
quarters of a mile in length, with 22 Ib. rails, on a15 in. 
gauge, and have run‘over curves on it of 2 chains radius, ata 
speed considerably exceeding 20 miles per hour, and over 
others of halfja chain radius at 8'miles per hour. During this 
time the engine has made several thousand miles without 


any mishap. It may be interesting to some of your readers 
to know that the cost of such a line, 15 in. gauge, is about 
7001. per mile (exclusive of 1 acre of land) with moderate 


earthwork. Locomotive to draw 50 tons on the level about 
4001., wagons to hold 1 cubic yard 81. each. Bogie carriage 
to hold 12 persons, two abreast, 251. if open, and about 
401. if el . The carrying capacity of such a line with one 
locomotive is about 100 tons per day, varying a little with 
the length of the line. 

I should have liked to 
work done by horses an 
locomotives ona narrow gauge 


~~ figures comparing the cost of 
carts, with the same done by 


line; but I have already 


exceeded the limits of a letter, and will merely conclude by 
saying that, if itis a matter with which any of your readers 
= ractically acquainted, their views on the subject could 
no 


ut be interesting. 
T an, Sir, faithfully yours, 
A. Perctvat Heyrwoop. 
Duffield Bank, near Derby, Aug. 7, 1877. 
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CIRCULATION IN BOILERS. 
To Tue EpiTor or ENGINEERING. 
Srr,—Mr. Rowan’s parting shot penetrates very 
little into the mystery he has thrown on this dis- 
-+-? cussion. I will not attempt to follow his letter in 
, detail, but there are two points in it—and of the 
, utmost importance too — which he treats in a mis- 
* leading manner, and on which I again beg to call him 





to order. 
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Before having the tyres placed on them, the bodies | 50} in. wide. One light is introduced in each of 


of the wheels are turned down perfectly cylindrical, 
and somewhat larger than the diameter to which the 
tyres are bored out, the proportion of difference being 
goth of an inch per foot of diameter of wheel. The 
latter are then heated and shrunk upon the bodies, 
‘The tightness insured by the shrinkage is relied 
upon to keep the two parts together, and no fasten- 
ings are employed. In practice this method is found 
to answer perfectly, and tyres are never known to 
come loose. 
STANDARD Caps, 

The standard cab for the “A,” “ B,” and “ C” 
classes of engines is shown in Figs, 31 to 43, pages 
104, 105. By referring to the views of the “ C” 
engine, published in our issue of the 27th ult., 
the position occupied by the cab will be seen. It 
rests upon the timber base running along the side of 
the engine, and placed 33 in. below the centre of the 
boiler, as shown in the general view. The total width 
is 8 ft. 2 in., and the front end is made with a semi- 
circular opening corresponding to the form of the 
firebox, on the top of which it rests. The front 
and sides are framed with 1} in. timbers, and the 
roof is made double with two coverings '* in, thick 
and placed 1} in. apart. The extreme length of 
the roof from front to back is 8 ft. 8} in., the 
length of the sides is 5 ft.6in., and of the ends 
212 in., an opening being left in the centre about 
50 in. wide for the men on the engine to pass to and 
fro. upon the tender. The back, sides, and front 
are all glazed, and the back is carried upon a cast-iron 
bracket attached to the foot-plate of the engine, as 
shown, The construction of the roof is clearly shown 
in Figs. 31, 32, 36,and 87. It hasa camber of 5 in., 








these returned ends. As seen in the view, Fig. 43, 
the sides of the cab are relieved with half-round 
mouldings. All the smaller details of construction 
are clearly shown in the drawings. It should be 
mentioned that the cab is finished almost as care- 
fully as the carriage work on the line. The position 
and extent of the running board are shown on the 
general elevation of the engine already published. 





PRIVATE NARROW GAUGE RAILWAYS. 
To THE EprTor or ENGINEERING. 

Srr,—In your impression of July 20th you gave a short 
account of Decauville’s neat little portab way, 16 in. 
gauge, at the Liverpool Show. I have, though not myself in 
business, for many years taken a great interest in the 
question of how far it would be economical, in certain 
cases, to replace horses and carts by locomotive power on 
@ narrow gauge line. I refer more particularly to cases in 
which several carts are daily employed in going backwards 
and forwards to a railway station or wharf a mile or two 
distant, from mineral or brick works, factories, large 
farms, &c. 

M. Decanville, in France, Mr. Fell, at Aldershot, Messrs. 


Ransomes and Rapier, and others, have done something 
towards introducing well-considered narrow gauge systems. 
But except at a few large works, like Cha’ or Crewe, 


ttle has been practically carried out in this direction. 
Now without being prepared to advocate Mr. Fell’s plan 
of horizontal check wheels, or M. Decauville’s movable 
ee which is too light for a locomotive, I am yet very 
strongly persuaded that a solidly built, permanent narrow 
gauge ine, constructed in the ordinary way, and worked 
y locomotives, might be advantageously substituted for 
horses and carts in many cases where there is a considerable 
traffic between two points, hae always that it is of 
sufficient amount to keep a motive at work, say, one 
day a week on anaverage. On existing (goods and mineral) 
» a permanent way with locomotive power 





The first is with reference to locomotive furnace 
_ crowns. Mr. Rowan was not requested to prove that 
their failure arose from being insufficiently stayed, or from 
a want of material, or from too great a pressure, or even 
from an insufficient supply of water from the sides. But 
the point for Mr. Rowan to prove, and which he avoided, 
was to show the possibility of their destruction from being 
a bad transmitter of heat. 

The second is with reference to vertical heating surface. 
The point aimed at was not to show how the water in the 
first instance approached the heated plate—which Mr. 
Rowan did show—but how the steam after being generated 
did not hug the plate in its upward flight to the water 
surface. 

Now on these two points rests the comparative efficiency 
of horizontal and vertical heating surfaces, points of dis- 
pute between us, and after making all due allowance for 
the subject being new to Mr. Rowan, he has a task before 
him to prove that the former is a bad transmitter of heat 
and the latter a good one, 

Your publishing a report on boiler and fireboxes made 
by a committee of the American Master Mechanics 
Association—an association our locomotive or marine 
engineers would do well to copy—confirms the views I 
hold in a very striking manner. Speaking of firebox 
plates the committee report, ‘“‘Of the several hundred 
sheets reported to us as having cracked, but one crown 
sheet is reported.” It appears from this not a difficult 
thing to damage so many vertical plates, but very difficult 
to damage a horizontal one. Almost as difficult as burn- 
ing a hole in the bottom of the flat-bottomed vessel Mr. 

ye Williams experimented with. The cause of the 
vertical sides giving way appears to have given rise to 
various conjectures; but this ‘fanciful theory,” as Mr. 
Rowan was pleased to call it, answers all the conditions. 
The existence of a stratum of steam between the vertical 

late and the water, will cause the former to become more 
eated and expanded than the plate to which it is stayed. 


This extra ion is more easily accommodated towards 
the top toon toenail the bottom of the plate, where 
it is more rigi secured to the outer one. e result is 


the side of the firebox towards the bottom bulges in, 
causing the inner plate to become convex and the outer one 
concave. This is repeated every time the plate is heated 
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and cooled, and ultimately ends by the plate cracking or 
tearing up from the bottom edge. 

But I need not go further into this subject ; my opponent 
is to write a book that will, at least from his point of view, 
make all this perfectly clear. Letus recapitulate his ex- 
pressed views: 1. That vertical heating surface is in no 
way inferior to horizontal. 2. That locomotive furnace 
crowns are dangerous from the water not circulating in the 
manner prescribed by Mr. Rowan. 3. That of all heating 
surfaces, vertical is the least dangerous, and of course gives 
the least trouble and repairs from the water circulating in 
the manner prescribed by Mr. Rowan. 4. That with 
vertical sides, such as those of the ‘‘ Great Liverpool,’’ 
having at’ least some chance of some water circulating up 
from the bottom, they stand in more danger from overheat- 
ing than those of a locomotive that has no such circulation, 
and with a three-fold combustion too. 5. That because the 
‘‘Great Liverpool’s’’ crowns did not fail, was from a 
copious supply from the sides. 6. That because locomotive 
crowns do fail, is from a want of circulation from the 
sides. 

Mr. Rowan bids me farewell to ventilate these views 
through another medium. I wish him well, but when he 
comes to examine the subject more closely, he will find his 
views of ‘‘proper circulating’? when applied to existent 
boilers very conflicting, and his defence of vertical heating 
surface anything but strong. There is a possibility of 
sacrificing the efficiency of a good boiler for an apparent 
better circulation, and such will always be the case when 
vertical heating surface is substituted for that of hori- 
zontal. 

Yours very truly, 
JoHN Wart. 

174, Cleveland-street, Birkenhead, July 31, 1877. 


CONTINUOUS GIRDERS, 
To tHE EpiTor or ENGINEERING. 

Srr,—In_last week’s number of your esteemed paper, I 
notice, rather late, an article on continuous girders which 
contains statements tending to mislead. I beg, therefore, 
to be allowed to say a few words on the subject. 

The author, after dwelling at great length on the arduous 
nature of the calculation of continuous girders, proposes 
as a substitute experiments made with a well-seasoned and 
straight-grained strip of wood of uniform section, resting 
on small blocks of wood and loaded with suitable lead 
weights. He determines, by means of it, in what propor- 
tion the pressure distributes itself on the bearings and then 
deducts from it the shearing forces and bending moments 
throughout the entire length. 

Leaving aside, for the present, the degree of approxima- 
tion that such a device can comport, let us examine what 
the complicate calculations are that ‘‘ B. B.’’ proposes to 
avoid. 

The girder is supposed of uniform section, 7.¢e., with 
constant moment of inertia throughout, and the bearings 
are assumed perfectly level. In this case there exists a 
simple relation between the bending moments at three con- 
secutive bearings, as was first an Clapeyron more 
than twenty years ago. In its general form it can be 
written thus : 

41m Mm-1+8 (lm-+ln +1 ) M +4ln+1Mm+i =pm In? + 
pm+1l>m+13 lm, Im+1 being the lengths of two consecutive 
spans (the m** of (m+ 1% ) of the continuous girder. 

Mm-1, Mm, Mm41 the bending moments at the (m—1), 
ms and (m-+1)*t bearings and pm, pm+1 the uniformly dis. 
tributed loads per unit of length in the m*» and (m+1)# 








span. 
Well, let us consider the case treated by ‘‘ B.B.,’’ viz., a 
continuous girder of three equal spans / and equally loaded 
with a uniform weight p per unit of length. 
Applying the formula successively to spans 1 and 2 and 
then to 2 and 3, we have 
41M,+8 (+l) Mj+41M,=pl?+pl> . (1) 
(2) 


41M,+8 (1+) M,+41M,=p l3+p/* . 
but the bending moments M, and M, at the end supports 
are equal to 0, so the two equations reduce themselves to 

M,+2 M,=pl* 
2M,+8M,=pl? 


10 (M,+M,)=2p 1? 
and by subtraction 
6(M,—M,.)=0 


and 


or by addition 


hence - 
M,=M,=—2_! : 
10 


We are now as far advanced as ‘‘ B. B.,’’ after the experi- 
ments with the strip of wood; for we have one set of 
quantities (here the bending moments at the bearings in- 
stead of the reactions), from which we easily deduct all the 
other bending moments and the shearing forces. Now, I 
do not think this has taken us longer than it would have 
taken ‘‘ B. B.’’ with the letter scales. But let us go astep 
further. 

Calling Q,, Q,, Q.; Qs, the pressures of the supports, M; 
expressed in function of the external forces, is : 
=} Pp 13 — Qo l, 
or by substituting above value of M, into this equation 

Q _tple—yp b4,) 
r t 10 
on account of the symmetry, 
Qo=Qs=F pl and Q=Qs 
And the total load on the Gale being . 4 1, we have : 
=3pl_4,,;—U,) 
= a ee =_— . 
Q.=Q o I Pp i 0? 


In the example stated by “‘ B. B.,”’ each span is supposed 
loaded with 80 oz., that is p 1=80 oz., we have therefore, 


ie a 
Qo Qa= 7p *80=82 02. 





and “ 
Q, =Q,=7 X80=88 oz. 


If the spans were not all equal, and if some spans were 
fully loaded (live or dead load) and others only partially 
(dead load only), nothing easier than to take account of it. 
We should have simply to give to , 7,, 1,, and p1, Pa, Ps, 
the numerital values corresponding to these cases. 

I think the above conclusion shows that “B.B.’s” plea 
of avoidance of long and elaborate calculations, falls to the 
ground. It is true that the formula only leads to approxi- 
mate figures, for it is only mathematically correct when 
the transverse section is assumed constant, and the bear- 
ings ney level, and although the latter condition may 
be fulfilled, the former never is. But the more accurate 
calculations, which are indeed long and intricate, show the 
error committed to be small enough to render this first 
approximation sufficient for most practical purposes. In 
such important works as the bridge over the Nogat, at 
Marienburg (two spans of 312ft. each), and the bridge 
over the Vistula, ai Dirschau (six spans of 886 ft. oad. 
the engineers were satisfied with it, but I doubt whether 
they would have been with the device suggested by “‘ B. B.’’ 

As to the gem degree of accuracy which the author 
claims over the approximate calculation, I hardly think it 
worth while, after having already taken so much of your 
time, to discuss it seriously. 

The unavoidable errors in the measurements resulti 
from smallness of scale, undetected defects in the strip o 
wood, the slightest <liscrepancy in the horizontality of the 
bearings, will all contribute in vitiating the results, and 
that without our being able to appreciate to what un 
extent, whilst with the calculations we know pretty well 
within what limits our error is contained. I think, there- 
fore, it not advisable to have recourse to ‘‘ B. B.’s’’ device 
in computing the strains of a continuous girder. It may 
serve as an interesting illustration, and afford to persons 
unacquainted with the question a clear insight into the 
subject, but it ought not to form the sole basis upon which 
to rest the whole caiculation of such girders. 

I hope you will excuse the length of this letter, and 

I remain, Sir, yours truly, 
August 3, 1877. A. O. B. 

[** A. O. B.”’ has rather singularly wholly missed the point 
of our article on the strains on continuous girders. The 
simple case of three spans was of course selected not because 
there was any difficulty in determining the strains = 
such a girder of uniform section in the ordinary way, but 
for a directly contrary reason, namely, because the case is 
such a simple one that most engineers carry the relation- 
ship of the bending moments ‘‘in their heads’ and could 
therefore easily follow ourreasoning. ‘‘ A.O.B.,’’ instead 
of reproducing the well-known equations, should therefore 

ve addressed himself at once to the case of varying 
section, but of course here he is quite helpless, and falls 
back upon the old plan, which our article was an attempt 
to discredit, of shutting the eyes to the difficulty, and 
assuming that the ordinary approximative method is good 
enough. Upon this point, and upon the justification of the 
engineers of the Nogat and Vistula — referred to by 
‘* A. O. B.”’ for relying upon the ordinary formuls, we cannot 
do better than quote the highest authority on the subject— 
M. Bresse. ‘‘ a caleuls de stabilité de ces poutres, quand 
elles sont 4 plusieurs travées solidaires, se font un 
méthode qu’on est, au premier abord, tenté de croire ex- 
cessivement hardie dans son point de départ, pour ne pas 
dire entigrement inewacte. . A ces objections et 4 
quelques autres d’un ordre secondaire, sur lesquelles il 
serait, inutile de s’appesantir, la pratique (toujours — 
& se contenter d’a peu prés et s’inquiétant peu des véritdés 
rigoureuses) ne fait qu’une réponse; les. poutres ainsi 
ealeulées se comportent convenablement et resistent 
bien aux épreuves qu’on'leur impose, le fait est maintenant 
constaté fpar|de mnombreuses ‘expériences; ‘donc la 
méthode de calcul n’est pas mauvaise. ce raisonne- 
ment, il n’est pas douteux que si l’on pouvait réussir a 
modifier les bases de la méthode de manidre} 4 la rendre 
rigoureuse, sans que son usage devint pour cela beaucoup 
plus long et plus difficile, les constracteurs ient 
sans peine a —— qui réaliserait - véritable 

rogrés scientifique. Ce progrés, nous n’en point en posses- 
oom” The method advanced by us we jie meets the 
requirements, and the objections on the score of unavoid- 
able errors advanced by ‘‘ A. O. B.”’ are pure assumptions 
entirely unsupported by facts. An error of any kind be- 
comes as apparent at once on the diagram of moments as 
does a false angle or length on plotting a survey.—Eb. E.} 


FORCES ACTING BETWEEN VALVE 
SURFACES. 
To THE EDITOR OF ENGINEERING. 
S1r,—The first thing I have to do is to acknowledge the 
omission I made in my answer to Mr. Sweet’s letter. I 
did not notice that he had two strips running along the 
ends of the ports, and supporting the back-plate on the 
cylinder, nor did he say so in his letter. The only allusion 
he makes to them is that any workman who can fit can 
with the aid of a surface plate file or scrape down the two 
loose strips until the valve had the proper clearance. What 








two loose stripes does he refer to, for what purpose are two 
loose strips there but to sup the back-aie and Mr. 
freely acknow omis- 


Sweet ought to have said so. igo =y i 
sion, but I must say Mr. Sweet is equally guilty of omis- 
sion as myself, in that he did not say what the strips were 
for. That part of my letter referring to the forces acting 
on Mr. Sweet's valve will therefore be all wrong. ‘ 
Mr. Sweet has therefore sent you a parallel block with 
the exhaust cavity cut through it and working between a 
true and false cylinder face, with communication ports 
through the valve communicating with the true and false 
pener inp ate! the periods of expansion, exhaust, and com- 
pression, exactly m* first illustration. He produces it in 


the year 1872, and I produced it in the year 1862: It was 
fitted on the London and Brighton Railway and on the 
North London Railway, and in each case it failed, as I 
told you in my last letter. It was however fitted on board 
a high-pressure steamboat, built by Mr. David Smith, in 
Victoria Docks, for the late master shipwright of Wool- 
wich Dockyard, and ran continuously on the River Thames 
as a tugboat until only some four or five years ago, when 


the engines were n out. locks have this bad 
quality, that they can be made come at first quite 
easy, but they will not run tight for a week ; they generally 


ps4 the second or third day ; it therefore condemns itself ; 
but Professor Sweet says he makes the communication 
ports the whole length of the valye—so much the more steam 
will be wasted. Ina valve with 16 in. ports I made two 
communication ports in each end of the valve 1} in. long 
by 4in. wide, larger than this will only waste their equi- 
valent of steam each stroke. Buta block like this will 
make the perfect valve if it can be made elastic to follow 
up the tear and wear of its own accord without the aid of 
loose strips or the fitter. 

inet your Sorsepentontn there é ed oe Re 
em specific argument against the theory ve lai 
down for dis ment. It is by Mr Major. He says 
it is the practice of himself and other ongpens (quite true) 
to displace by a ring an area equal to the area of the ex- 
haust cavity. By this statement, which is the proper kind 
of argument, Mr. Major has jumped over the ropes and is 
now inside the ring. Take a valve with given dimensions 
thus—exhaust port 2in., inside bar each 1 in. ; admission 
port each 1 in., outside bar 14 in. ; | h of port 9in., out- 
side lap fin., inside lap nil. The ust cavity of this 
valve is 9in. X 4in.=36 square inches area. Mr. Major 
would apply to this valve a displacement ring of 6$in. in 
diameter=36 square inches, while my rule would apply a 
ring of 7} in. in diameter, fully equal to 40 square inches, or 
4 square inches more than Mr. Major, and with 150 lb. 
pressure, makes a difference of 600lb. weight lefp on the 
valve by Mr. Major’s system. So near is this 7} in. ring 
to an instantaneous balance, when the valve is at the com- 
mencement of the stroke, that if a 7} in. ring be putin, the 
valve will assuredly leave the cylinder faee. 

Take now this same valve, the whole of the conditions 
being the same, except the lap—let there be no lap—Mr, 
Major would still apply a 6$in. ring, while my method 
would only give a 6} in. diameter ring, equal to 30 
square inches, being now 6 square inches less than Mr. 

jor, which with lb. pressure is equal to 9001b. too 
much weight taken off the valve. Now I tell Mr. Major 
that he dare not put a 6$in. diameter ring in this valve, 
and if he does it will leave the cylinder face—dare he do 
it? I will stand or fall by the facts produced, but I will 
now shake hands with Mr. Major and tell him that if the 
length of the port be reduced to Gin. and the width of the 
cavity increased to6in., making the exhaust cavity 6 in., 
the side of the square, and still 36 square inches and } in. 
lap, that his method and mine both assign a displacement 
ring of 6fin. in diameter. These statements are made 
upon the conditions that one, two, or more holes be in the 
exhaust cavity of the valve to allow the exhaust steam to 
pass through the exhaust cavity and act equally on the two 
sides of the cavity, inside the boundary of the displace- 
ment circle, or the cavity may be out of the valve altogether 
w Cece A Mite vulps-Weilibag aver salen 

‘orollary.—. e@ valye wor over 
ports and fitted with a circular displacement ring can 
only be balanced on an instant of time, that instant of 
time should be taken at that part of the stroke where 
the negative forces are greatest, and that is at the 
commencement of the stroke, and if the negative forces be 
one = greater than the positive that one pound acts 
for the purpose of turning the valve on the edge admitti 
steam as an ins' axis, when there is lap on the 
valve; if there be no lap on the valve then they tend to 
turn it on the opposite e at this instant of time, but 
the valve must in all cases have lead. : 

In my last letter I only laid down the law of provection, 
I did not work out the moment of the forces. my next, 
which I will strive to have ready by next week together 
with the piston, I will do this, and it will embod an answer 
ea ee eae jor and 

‘ ne.’” 


I have now only to say a few words to your correspondent 
*O.A.M.” IfI make a mistake or commit an error it is 
a very simple matter for a correspondent to correct that 
mistake, and by doing so he will show that he has the 
better bnowledge of the two on the subject, but judging 
from your correspondent’s letter, he knows nothing of the 


subject under discussion. 
Tuomas ADAMs. 
Works of the “‘ Ant and Bee,’’ Manchester. 


To THE EDITOR OF ENGINEERING. ‘ 

S1r,—As Professor Sweet will have no early opportunity 
of replying to Mr. Adams’ attack upon his valve, will you 
permit me to point out that the whole of the latter gentle- 
man’s vi involved calculations, are d upon the 
erroneous idea that the back-plate of the valvé in question 
rests immediately upon the valve itself. 

A more carefal examination of the cut would have shown 
that there are two distance pieces or strips ied 
against which the back-plate is pressed by the steam, and 
which thus relieve the A ay of all pressure, and allow it to 

um. 


work in perfect equili 
I am, Sir, yours truly, 
amid C. G. Rison: 
Wiggin-street, Birmingham, August 8, 1877. 








DREDGING THE MississiPP1.—Pittsburg is building at a 
cost of 100,000 dols. a mammoth iron boat intended 
to be used by Cap’ Eads in his tions for the im- 





tain 
provement of the South Pass of the Mississippi. 
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BRUNNER’S STEAM TRAMCAR; LAUSANNE AND ECHALLENS RAILROAD. 
CONSTRUCTED AT THE SWISS LOCOMOTIVE WORKS, WINTERTHUR. 


a 
< _ oe 
= 


gare mag 


ag | 





















































Hl 








= i} \ 


T 


{i 





Accordingly, the distribution of steam is effected with 
neither eccentrics nor expansion links, but by means of a 
pen of levers, actuated upon by the connecting rod and 
the reversing handle. 

The boiler is of the ordinary locomotive pattern, steel 
built. The inside firebox is made of Martin steel plates, 
rolled at the Creusét Works. There are 73 steel tubes 
1} in. outside diameter. 

The water tanks are built in between the frame plates, 
while the coal bunkers are disposed on each side of the 
firebox. On one side there is a pump, worked from the 
motion beam, and on the other side an injector. 

The engine of this steam car is also supplied with an 
Exter quick-working lever brake, acting upon one pair of 
the coupled wheels. The top of the boiler carries a spacious 
sand-box. Most parts of the engine are made of steel, in 
order to reduce weights. The following are the principal 
dimensions and proportions of the machine just described : 


t. in. 
Diameter of cylinders ... 
Length of stroke sip 0 12 
Diameter of coupled wheels 2 3 
Wheel base pa ont 41 
Diameter of boiler (inside) ‘ 2 3b 
Length between tube plates ... io ane 
Total heating surface (firebox 20sq. ft.) 150 sq. ft. 
Grate surface... us ove «o SD 
Capacity of water tanks < « 130 gals. 
* coal bunkers ove 5 ewt. 
Weight of engine empty eee sa 5 tons 
pa a in working order ... — 
Working steam pressure --» 180 Ib. 
Gauge of rails (1 metre) 3 ft. 33 in. 


The tractive power exerted for each pound of effective 

pressure per square inch on the pistons is thus : 
6.252 x 12__ 
1 17 Ib. 

With the steam at 180 lb. inthe boiler, the mean effec- 
tive cylinder pressure (taken at about 60: per cent. of the 
boiler pressure) would amount to quite 1101b., which would 
be maintained on the pistons, making thus the total tractive 


power: 
17 110=1870 Ib. 

The adhesive weight, it will be noticed, is with the steam- 
car oom of such proportions, that the tractive power can 
at all times be fully made use of, and while [the machine is 
wor near the limit of its Lg yi power, the steam 
supply is also abundant, as be seen presently on 
examining the ‘ormance of the machine. 

As regards the general construction of the carriage, the 
main framing, built of double T-iron,’is put at such a 















































taining seven seats. From this pavilion a staircase gives 
access to the upper story of the vehicle, there being seats 
for thirty other passengers. Thus the steam car carries 
altogether about sixty passengers, of which one half are 
under cover and the other half outside. : 
Something remains to be said of the manner in which 
the products of combustion are led off. For this purpose the 
chimney is curv: kward until it reaches the vertical 
axis of articulation, from where it rises upwards ending 
over the roof of the second story. In concluding the de- 
scription of the car, I may note some of the leading dimen- 
sions and proportions as follows : 


ft. in. 

Length, over all des oe von 42 3} 
Breadth (maximum) ... pis in 7 9% 
Height ie ose 14 1 
Diameter of bogie wheels __... ve 1 5} 
Wheel base of bogie ... ese ea 4 0 
Distance between bogie pins ... . 80 4 
Weight of car, empty, including 

engine... ae tee on +» 11} tons 
Dead weight per seat... oo «= oees( (se I. 
Total weight, with sixty passengers 

and luggage, about... tes ove 16 tons 
Adhesive weight at full load, about... ae 


Having thus far spoken of the construction of this steam 
car, I may now say something as regards the working of it. 

In order to make some preliminary trials, a temporary 
light road with 20 Ib. rails was laid in the yard of the Swiss 
Locomotive Works, and here the car was:run for some time 
at moderate speeds with full loads. After these trials had 
proved highly successful, the vehicle was, towards the end 
of last year, transported to Lausanne, on e Geneva, in 
order to run over the narrow gauge branch line from 
Lausanne to Echallens. 

The length of this line is 14.18 kilometres, or nearly nine 
miles, and the ter portion of the line is laid in the 
public road. ere are frequent gradients and curves ; 
the ‘former attaining 4 per cent., or 1 in 25, while the 
smallest curves are of three chains radius. The rails, to- 
gether with the rolling stock of this little road, have been 
acquired from the former Fell railway over the Mont 
Cenis ; the stock having correspondently modified, 
and! subsequently some new engines have also been pur- 


¢ 4 

The traffic is almost {exclusively passenger traffic. The 
company runs at present five trains in each direction per 
day, and it was arranged that the steam car should make 
its trips between the ordinary trains, serving principally 
for excursion purposes. These purposes the omnibus has 
served admirably well, the population becoming in fact so 
rticularly those upstairs 


depth, that the carriage floor is only 19 in. above top of | fond of the car; that the seate— 
rails. By this mean the centre of gravity is kept down, | —were frequently taken b; assault, such that I re- 
which is an important point, considering that the carriage | member some worthy Leann mistaking the windows for 


is constructed with roof seats and adapted for a gauge 
only one metre. This is to my knowled 
example representing an application of the double-story 
system on a 


harrow gauge road. 
With reference to the building and arrangement of the 


carriage body, three different parts are to be disti hed. 
First, one long lower compartment or saloon with longi- 
tudinal and upholstered seats, accommodating twenty-four 


of | the doors of a ‘‘ Crystal Palace home-bound 
the first practical | train. 


Boxing-da; 

”* On several occasions we have had one hands 

and more people on the car. On ‘‘ féte-days”’ the car was 

fully ped sm with and banners, and it was indeed a 

sight to see the are ** Mouette d’Echallens’’ (as some 

y reporter has baptised the car) taking her gentle course 
fie a steamer when the sea is smooth. 

Apart from this, however, the steam car has really given 

valuable economical results. ‘The consumption of coals 





passengers. d, a kind of pavilion, situated over the 
trailing bogie and serving as a smoking compartment, con- 


during a journey from Lausanne to Echallens and back 
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(18 miles) with the normal load of sixty passengers, has 
been measured at 160 Ib., making 9 lb. per mile run. It 
should be remembered that the line has a continuous 
gradient of about one mile in length, where the rate of in- 
clination varies from lin 40 to 1 in 25, the maximum 
gradient being 650 yards long. 

On mounting such a gradient of 1 in 25, the cor- 
responding resistances may be computed as follows : 


The resistance due to gravity would be 2S =001b. per 


ton, and the frictional and other resistances about 20 lb. per 
ton, making thus : 


Ib. 
Gravity, 16 tons at 90 lb. ... 1440 
Friction, &c. ,, 20 Ib. ... ses eos 820 


Total sae ves oxo owe 1760 
The tractive power for each pound of effective pressure 


per square inch on the pistons being 171b., we get as 


— as the mean effective pressure required per square 
inch. 

The mean working speed of the trains on the line from 
Lausanne to Echallens is about 10 miles per hour, and this 
is also the rate of speed in running the steam car ; this 
speed, however, being somewhat augmented or reduced, 
according to the profile of the line. With a full load 
the steam car takes the gradient of 1 in 25 at a speed 
of about 8 miles per hour, the regulator being wide 
open and the reversing lever near full forward gear, 
showing that the engine is developing nearly her maximum 
cylinder Fe to In order to overcome the resistances, 
eomputed above at 1760 lb., the engine would then, 
at a speed of 8 miles per hour, or 704 ft. per minute, 


exert an effective power of wee =37.5 horse power. 


When the carriage thus ascends the maximum incline, 
the boiler pressure of 180 lb. has a tendency to rise, show- 
ing that the steam supply is abundant. 

Again, the adhesive weight, resting on the coupled 
wheels, is about 10 tons or 22,400 Ib., and dividing the 


total resistances by this number, we get 1760 1 as 


22,400 12.6 
the co-efficient of adhesion required. 

The cost of working the steam car at Lausanne has been 
19s. per day, this figure comprising, besides coal, se, 
&c., the men’s wages, which are as follows: Engine driver, 
6s. 5d., stoker 2s. 10d., and conductor 3s. 2d. per day. If 
the car were run on a comparatively level road, it could 
easily make about 80 miles at a pray em ig of 2&s., 
and the cost of working would in this case be 3.75d. per 
mile, that is to say, scarcely one-half the cost of working a 
common tramway car with horses. As above mentioned, 
the mean working speed is about 10 miles per hour; on 
several trial trips, however, the car has been run up to 
20 miles per hour over some of the line without any 
i ities being experienced. 

I should mention also that the carriage is not turned «t 
the termini, but runs in either direction. When the engine 
is pesking at the back the driver and stoker can, from on» 
side or the other, easily overlook the line, and there is. 
moreover, a pneumatic conduit between the two carriage 
ends, acting upon a signal bell in the enginc-honse. 
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The cost of this steam car, elegantly fitted up, has been 
12801. Similar cars of less luxury, and, perhaps, of some- 
what smaller dimensions, could now be built for about 
10001. a piece. 

In the case of working tramways by steam the employ- 
ment of detached engines is generally argued in favour of 
the latter. There are, however, many cases where a com- 
bined machine and | would appear more preferable, 
and the public too would certainly soon appreciate the 
superiority of a smooth riding carriage. To engineers the 
advantages of the double-bogie steam car — are now 
fully known, and I may be permitted to say that the present 
example forms another practical demonstration of the 
soundness of those principles advocated by Mr. Fairlie with 
so much energy and perseverance. 

I am, Sir, yours faithfully, 
A. BRUNNER. 

Winterthur (Switzerland), July 10, 1877. 





HELICAL SPRINGS, 
To THe Epiror or ENGINEERING. 

Srr,—In your edition of July 27th you published the 
method of constructing helical springs, but it is not exactly 
right. I therefore give you (enclosed) the method and its 
proof, which has never yet been published, and am, Sir, 

Yours truly, 
THos. ADAMS. 

West Gorton, Manchester, July 31, 1877. 


On the Geometrical Proportions embodied in the 
Construction of Adams’ Springs. 

Draw AB indefinitely. On A set off the isosceles triangle 
CAD, containing 15 deg. 30 min. as the angle of stability 
of the spring ; select any point O in A B as the length of the 
spring ; through O draw E F at right angles to A B ; divide 
O E into three equal parts. On O asa centre with two of 
the parts as radius, describe the semicircle NGP. On R 
as a centre with the same radius set off the are RG con- 
taining 60 deg. ; draw CO; draw GH equal the cosine of 
GOR; draw alsoG K equal the sine of GOR. Then will 
GH be equal toF S e to the side of square of steel or 
diameter of round steel, and G K will be equal to F T equal 
pitch of spring, and GK will divide AO into 13} equal 

, equal to 13} coils in the spring, and O G will be equal 

the deflection of the spring with its load on it, when that 

load is equal to one-sixth part of its breaking load. This 

is with square steel. Round steel is 12} per cent. less 

elastic, load for load, section for section, and strength for 
strength. 





The proof of this rule of construction: In A B set off 
\ Ol egual to half the length of A O, through O’ draw 
Li! Sand proceed as before to completion of the spring. 
‘rhe result will be a spring of half the length, half the 
d.amoter, half the side of square of steel, or diameter if 
of voand steel, half the pitch, half the deflection with its 


load on, one-fourth the section of metal, and one-fourth 
the load, which are perfect proportions. And no matter 
whether a spring be made of sin. wire, or a 6 in. bar of 
steel, this method of construction assigns perfect mathe- 
matical proportions to all springs. ; 

The relative proportion of square to round steel in 
resisting torsion is as 11,323 for square to 8000 for round 
steel, and the Board of Trade formula stated in round 
numbers for the strength of steel is 


exe = d= side of square or diameter of round steel, 


where L is the load on valve, and D the helical diameter of 
Spring, and C a constant of 11,000 for square, and 8000 for 
round steel. 

THomas ADAMS. 

Works of the ‘‘ Ant and Bee,’’ Manchester. 

July 31, 1877. 
CORROSION OF GAUGE GLASSES. 
To THE Ep1rorR OF ENGINEERING. 

Srr,— You will do me a great favour by inserting in your 
valuable paper the following lines, as I hope some of my 
fellow-readers will be able to account for the facts here 
stated. 

Having under my superintendence several steam boilers 
for some time, I noticed that on one of them the inside 
part of the water-gauge glass was dull and had an unusual 
appearance. 

On the 13th inst. I had the glass taken out, and found 
that the upper part of it, namely, that exposed to the action 
of steam, was eaten away from ~'; in. to +; in. ; the top of 
this tube suffered the most, as the very edge was reduced 
in some places to rather less than 5 in., and the destruc- 
tive action amounted to almost nothing towards the middle 
of the tube. 

Thinking that some peculiar composition of the glass, 
which was of Belgian manufacture, was the cause of the 
above, I put in a tube of best English manufacture, but 
after tight days I noticed the same strange appearance, and 
taking the glass out, found the beginning of the corrosive 
action, the furrows being already about 7; in. deep and 
1} in. long. 

The boiler in question is composed of two superposed 
tubes, working easily day and night at about 50 lb. 

Till now I could not stop the boiler but for a few hours, 
consequently [ examined only the steam dome and manhole 
cover, which had a peculiar appearance, viz., clean metallic 
surface, a small part covered with oxide, under which I 
found small cavities of the size of a pin’s head. 

The above fact seems the stranger, as we take the water 
for the other boilers from the same reservoir at a few 
inches higher level, and the glasses thereon are not 
attacked. The water we take from a mine 100 yards deep 





entirely of galena, sulphuret of zinc, and iron pyrites. 
Yours obediently, 


Estramadura, Spain, July 23, 1877. 








STEAM JACKETS. 
To THE EpiToR oF ENGINEERING. 

S1r,—On a previous occasion I called attention in your 
valuable paper to the fact that air is heavier than vapour 
of water of same temperature and pressure; and that, 
therefore, openings for relieving steam pipes, &c., of air 
should be placed at the lowest possible level, and not on 
any account at the highest point. 

The specific gravities of air and vapour of water are 
given by our best authors on steam, &c. ; and I have always 
found in practice that air cocks placed as recommended 
have done their duty. 

Judging from his letter on ‘‘ Steam Jackets,’’ published 
in your last issue, your correspondent ‘‘ W. M. F. R.” 
appears to think otherwise. 

Yours obediently, 


London, August 9, 1877. W. ScHéNHEYDER. 








THE BRITISH ASSOCIATION AT 
PLYMOUTH, 

Tue following is the latest list of the officers for the 
ensuing Ee the British Association at Plymouth. 

President : fessor Allen Thomson, M.D., F.B.S. 
—Vice-Presidents : The Right Hon. The Earl of Mount- 
Edgeumbe, ;D.C.L.; The Right Hon. Lord Blachford, 
K.C.M.G. ; William Spottiswoode, Esq., M.A., F.R.S. ; 
William Froude, ., C.E., F.R.S.; Charles Spence 
Bate, Esq., F.R.S.—General Secretaries: Oapt. Douglas 
Galton, C.B., F.R.S.; Philip Lutley Sclater, Esq., 
F.R.S.—Assistant General Secretary, é. Griffith, Esq., 
M.A. — General Treasurer, Professor A. W. William- 
son, F.R.8.—Local Secretaries: William Adams, Esq. ; 
William Square, =. ; Hamilton Whiteford, Esq.—Local 
Treasurer, Francis Hicks, Esq. 

The sections are the following: A. Mathematical and 
Physical Science. President, Professor G. C. Foster, B.A., 
F.R.S., President of the Physical Society. Vice-Presidents : 
Professor W. G. Adams, A. F.R.S. ; Lord Rayleigh 
M.A., F.B.S. Secretaries: J. T. Bottomley, MA: 
J. W. L. Glaisher, M.A., F.R.S.; F. G. mn; G. F. 
Rodwell.—B. Chemical Science. President, F. A. Abel, 
F.R.S., Past President of the Chemical Society. Vice- 
Presidents : A. Vernon Harcourt, M.A., F.R.S.; W. H. 
Perkin, F.R.S. Secretaries: Dr. Oxland; W. Chandler 
Roberts, F.R.S.; John M. Thomson.—C. Geology, Presi- 


dent, W. Pengelly, F.R.S. Vice-Presidents: R. Etheridge, 

‘.R.S.; Warrington W. Smyth, F.R.S. Secretaries: Dr. | day 
Le Neve Foster, 
President, J. Gwyn Jeffreys, LL.D., 


H. Tiddeman, W. Topley—D. Biology. 
F.R.S. Vice-Presi- 








Professor A. 


M.A., 


dents: Francis Galton, F.R.S. ; 


from the solid rock, the mineralised part being composed | Y 





Macalister, M.D.; Professor Rolleston, F.R.S. Secre- 
taries: E. R. Alston; F. M. Balfour, M.A. ; F. Brent; 
C. A. Hingston, M.D.; Professor W. R. McNab, 
M.D.; J. B. Rowe; F. W. Rudler.— Department of 
Zook and Botany. J. Gwyn Jeffreys, F.R.S. 
(President), will preside. Secretaries: E. R. Alston ; 
Professor W. R. McNab, M.D.; J. B. Rowe.—Depart- 
ment of Anatomy and Physiology. Professor Macalister, 
M.D. (Vice-President) will preside. Secretaries: F. M. 
Balfour, M.A.; C. A. Hin n, M.D.—Department of 
Anthropology. Sir Walter Eiliot, K.C.S.I. (Vice-Presi- 
dent) will preside. Secretaries; F. Brent; F. W. Radler. 
—E. Geography. President, Admiral Ommanney, C.B., 
F.R.S. Vice-Presidents : R. H. Major; Sir Samuel Baker, 
M.A., F.R.S. Secretaries: H. W. Bates, Assist. Sec 
R.G.S.; Francis E. Fox, B.A.; E. C. Rye, Librarian, 
R.G.S.—F. Economic Science and Statistics. Pre- 
sident, the Right Hon. the Earl Fortescue. Vice-Presi- 
dents: Sir T. D. Acland, Bart., M.P., D.C.L.; Dr. W. 
Neilson Hancock; the Right Hon. the Earl of Morley, 
M.A. Secretaries: W. F. Collier; P. Hallett, M.A.; 
Joseph T. Pim.—G. Mechanical Science. President, 
Edward Woods, C.E., F.R.S. Vice-Presidents: F. J, 
Bramwell, C.E., F.R.S. ; Sir John Hawkshaw, C.E., 
F.R.S. Secretaries: A.T. Atchison; W. Bottomley; Dr. 
Merrifield. 

This list of sectional officers will be completed and will 
be submitted to the General Committee on Wednesday, 
August 15. 


NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 

Ventilating Fans at the Collieries.—For some time past 
the old-fashioned mode of ventilating collieries by means 
of furnaces has been regarded with marked disfayour, 
owing to the cost and frequent danger of the plan. At all 
the new pits, and at many of the old ones, therefore, fans 
for this purpose have been fixed. At the Oaks Collieries a 
large Guibal fan has been fixed, whilst at the new Corton 
Wood Colliery there is a fan on the Schiele principle, to 
furnish 200,000 cubic feet of air by 180 revolutions per 
minute. At the Hoyland Silkstone Colliery of Messrs. 
Birch, Wells, and Ryde a still larger fan on the same 
principle has been put in. At some of the Staveley collieries 
an extra fan is provided ready for use in case of accident to 
the ordinary one. 


The North Central Wagon Company.—The half-yearly 
report of this Rotherham company recommends a dividend 
at the rate of 10 per cent., which will leave 2041. to be 
taken forward. 


The Leeds Tramways Company. — At a meeting of the 
directors of the Leeds Tramways Company, held on Friday 
last, a dividend at the rate of 3} per cent. per annum was 
recommended to be paid to the shareholders for the half- 
ear ending June 30, 1877. The various lines are now all 
in successful operation. 


York Gas and Water Companies.—At the half-yearly 
meetings of these companies, held at York, dividends of 
10 and 8 per cent. respectively were declared. The price 
of gas has recently been reduced to 2s. 6d. per 1000 ft. 


Worksop Water Works.—The works of this company 
are now being proceeded with, the reservoirs being at 
Sunnyside. The various contracts have been let for about 
10,0001., the engineer being Mr. Joseph Fairbank, of 
Abingdon-street, Westminster. 

Yorkshire Railway Wagon Company.—At the half- 
yearly meeting, held at Wakefield last week, of this com- 
pany, the number of wagons at work was stated to be 9432, 
besides 39 locomotives and 65 railway 7 . Out of 
the profit of 49531., a dividend at the rate of 10 per cent. 
per annum was adopted. 


Barnsley Water Supply.—At last week’s meeting of the 
Barnsley town council, a report from the Water Works Com- 
mittee was read, and recommended an immediate applica- 
tion for powers to increase the supply. The corporation 
already supplied Worsborough, Ardsley, Monk Bretton, 
and Darton, and had now received applications for water 
from Cawthorne, Penistone, Denby Dale, Scissett, Clayton 
West, and Berry Moor. It was decided to summon a 
special meeting to settle the matter. 


NOTES FROM THE SOUTH-WEST. 

The Forest of Dean.—On Saturday night the last of the 
furnaces at the Parkend Iron Works was blown out under 
a decision of the proprietors, Messrs. Crawshay and Com- 
pany, to abandon iron-making for a time at that place. The 
gentlemen named became the purchasers of the property— 
three furnaces with tin-plate works and mines, some three 
years since from the Forest of Dean Iron Company at 
180,0007. Now the entire concern has been closed. 


Tavistock and Callington Railway.—It is stated that 
there is but a poor chance of the Tavistock and Callington 
Railway being made, the landowners and others locall 
interested in the scheme having failed to subscribe 50,000/. 
which it was stipulated should be raised on the spot. 

Aberdare.—The coal trade of this valley has not been 


particularly bright during the past week. At the Werfa 
Colliery, the men only worked two days, and at Messrs. 














Davis and Sons’, A boy pit days. At the 
Powell D its, some men only worked four days and 
others five. At the Bedl level, Cwmaman, the men were 


out the first three days of the week. The Abernant pits 
are going steadily. ae 
The Welsh Miners.—An adjourned meeting of colliers 
delegates was held at Merthyr on Monday. Mr. T. Halli- 
* ~ among — —— Among thirteen speciutions 
which were passed by the meeting, was one 
necessity for forming + union to be called the Amalgamated 
Association of Miners. 
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THE BRITISH ASSOCIATION. 

On Wednesday next, the 15th inst., the British 
Association will, for the second time in its 
lifetime, hold its annual meeting at Plymouth. 
Thirty-six years have passed since, under the pre- 
sidency of the late Dr. Whewell, the British Asso- 
ciation celebrated its tenth birthday at this most 
interesting of British ports, and a second visit to 
the same place after so long a period naturally sets 
the mind thinking of the great advances that have 
been made by science in the interval, and of the 
very important part which the British Association 
has played in bringing about that result, 

To enumerate the advances made by science be- 
tween the first and second visits of the British As- 
sociation to ‘‘the Three Towns” would be to give 
a history of the scientific progress of the world 
during the last three-eighths of a century, and would 
be foreign to the purposes of this article. 1t will be 
sufficient to remind our readers that when Dr. 
Whewell gave his opening address in the Devon- 
port Town Hall on the evening of the 29th of 
July, 1841, the Electric Telegraph was little 
more than a promising experiment, for the Electric 
—_ Company was not established until five 
years after, and another five years passed before the 
first submarine cable was laid, by which this country 
was placed in electrical communication with the Con- 
tinent ; while even the railway system, and steam 
navigation, were at that time in their infancy. It 
is interesting, however, to note that several of the 
officers of the first Plymouth meeting are still 
living and working. Of these we may mention the 
names of Professor Owen, F.R.S., who on that oc- 
casion presided over what is now called the Biological 
Section ; of Lord St, Germans, who was a vice-presi- 
dent of the Association; of Mr. Robert Hunt, 








F.R.S. (Keeper of Mining Records at Jermyn- 
street), who was secretary of the Chemical Section ; 
of Colonel (now General Sir Edward) Sabine, late 
President of the Royal Society; of Mr. Follet 
Osler, F.R.S. (the inventor of the anemometer 
which bears his name), and of one of the local secre- 
taries, Mr. R. Taylor, of whose colleague, Mr. 
Robert Fox, we regret to have to announce the death, 
which took place at Penjerrick but a few days ago. 
Most of these gentlemen were on the committee of 
Section A, while of the 1841 committee of Section 
G, three members are still living, viz., Mr. Beard- 
more, Mr. Scott Russell, and Sir Joseph Whitworth. 

From the position of Plymouth on the map of 
England it might have been expected that the 
coming meeting of the British Association would not 
be as numerously attended as the average of its 
predecessors, but we are happy to say that already 
the prospects of the meeting show unmistakable 
signs to the contrary, and there are good reasons 
for expecting, in every way, a very successful 
gathering. - 

There can be no doubt that the exceptionally in- 
teresting attractions of Plymouth and its neighbour- 
hood, natural, archeological, and scientific, will 
more than compensate for their distance from the 
great centres of population. For some years past it 
has been a sort of understood custom, but far from 
being without exceptions, for the British Association 
to meet at university and industrial towns alter- 
nately, but it is seldom that three consecutive 
meetings have been held in towns which are sur- 
rounded with so much that is beautiful in nature as 
the three of which the coming meeting is the centre. 
The surroundings of Glasgow, Plymouth, and 
Dublin may well be taken as characteristic types of 
the beauty of the scenery of Scotland, England, and 
Ireland, and as such can hardly be surpassed. 

There is another cause that will largely contribute 
to the success of the Plymouth meeting, and that is 
the fact that the French Association for the Advance- 
ment of Science will hold its meeting this year at 
Havre immediately after the close of the meeting of 
the British Association ; and as the two ports are in 
direct communication with one another by two lines 
of ocean steamships, a large number of foreign 
members may be expected at the Plymouth meet- 
ing, and a corresponding proportion of the members 
of the British Association are going over to Havre 
to ——— the meeting of the younger association. 
There has never before been presented so great con. 
venience and facility for attending the meetings of 
the two associations, and they will mutually derive 
benefit from that facility and from one another. 

The British Association will meet in 1877 under 
very different circumstances to those under which it 
met in the year 1841 at the same place. At that 
time there was no railway communication to 
Plymouth, for the Great Western line had been 
opened only as far as Bristol (at a cost of five 
millions sterling) but one month before the meeting, 
and it was not extended to Plymouth until five 
years after. It is probably owing to the difficulties 
of locomotion at that time, that at the 1841 meeting 
there was but one excursion, viz., to Tavistock, 
while this year eight or ten excursions are proposed, 
and all of a most interesting character, whether to 
the geologist or mineralogist, to the antiquarian or 
archeologist, to the naturalist, terrestrial or marine, 
to the engineer, civil or military, or to the lover of 
beautiful scenery, both inland and on the coast. 

In the interest of its excursions the Plymouth 
meeting resembles its predecessor at Glasgow, and, 
like it again, its place of meeting has enormously 
altered and improved since its last visit. The 184] 
meeting at Plymouth, like that of the present year, 
followed a Glasgow meeting, and since that time 
the population of both towns has been more than 
doubled, and public buildings have arisen in all 
directions. The Plymouth of 1877, however, has 
never been equalled by any other town which the 
Association has visited for the convenience of its 
accommodation. The magnificent new Guildhall in 
which the great meetings will be held is the finest 
building of its kind in the West of England, and 
there is no sectional meeting room which is more 
than five minutes’ walk from that centre. In this 
respect Plymouth presents a striking contrast to 
Glasgow, for the University in which last year’s meet- 
ing was held was hardly within a mile of the nearest 
hotels, and was still further removed from the 
principal parts of the city. 

The public business of the forthcoming meeting 
will commence on the evening of W: y next 
at the Guildhall, when the President-designate, Dr, 


Allen Thomson, F.R.S., Professor of Anatomy in 
the University of Glasgow, will deliver the inay; 
address, The business of the sectional meetings 
will commence on the morning of Thursday, when 
the presidents of the sections will give their opening 
addresses, and there will be, as has been the custom 
for some years or two evening meetings at which 
addresses will be delivered. At Glasgow the ad- 
dresses were by Professor Tait ‘* On Force,” and 
Sir Wyville Thomson ‘‘On the Results of the 
Challenger Expedition.” At Plymouth the evening 
discourses will be on Friday the 17th inst., by Pro- 
fessor Warington ~~ fo .R.S., ‘¢ On the Physical 
Phenomena connected with the Mines of Devon and 
Cornwall,” and on Monday, the 20th inst., by Pro- 
fessor Odling, F.R.S., ‘‘On the New Element 
Gallium.” There will also be two conversaziones 
the first on the evening of Thursday the 16th, and 
the second on that of Tuesday the 21st inst., and the 
concluding general meeting will be held in the 
Guildhall on the afternoon of Wednesday the 22nd 
of August, In addition to the above there will be 
several receptions partaking more or less of a private 
character. 


The people of Plymouth and its neighbourhood, 
acting through their Reception Committee, are doing 
everything that is possible to make the meeting a 


success, and to show that ‘ The Three Towns” are 
not to be outdone in hospitality by any other town 
or district in the country. The immediate neighbour- 
hood of Plymouth, however, does not stand alone 
in offering hospitality and doing honour to the 
British Association, The ancient city of Exeter and 
the towns of Torquay and Liskeard have each invited 
a large party of the members of the Association to 
visit their respective towns. 

In Plymouth, Devonport, and Stonehouse all the 
places of interest will be thrown open to the 
members of the Association, among which may be 
mentioned the following as of especial interest, 
The dockyard at Devonport, the vast Keyham steam 
yard and factories, the Royal Victualling Yards, 
and the war vessels in the Hamoaze. In connexion 
with the latter there will be gunnery and torpedo 
practice on board the Cambridge, to which the 
events going on in Eastern Europe will lend an 
especial interest. It is seldom that three such great 
engineering works are to be found in one neighbour- 
hood as the Eddystone Lighthouse, the Plymouth 
Breakwater, and the Saltash Bridge, and arrange- 
ments have been made for an excursion on Saturday 
the 18th inst., to include a visit to the two first, and 
on Thursday the 23rd for the inspection of the last, 

There will on the 18th be an excursion to Liskeard, 
in the neighbourhood of which are the celebrated 
Cheese-ring and Druidical remains, as well as the 
South Carradon copper and the Phoenix tin mines. 
There will also be an excursion to Dartmoor under 
the auspices of the Plymouth Institution, 

The great day for excursions, and the only day 
authoritatively recognised by the Association, is 
Thursday, August 23. On that day there will be 
one excursion up the river to the Devon Great 
Consols Mine, near Tavistock, another to Pen- 
zance and the Land’s End, and a third, which will 

robably — the most attractive of all, to Torquay. 
Hens is the celebrated Kent’s Cavern, well known 
from the researches of Mac Enery and Buckland 
and Mr. Pengelley, whose indefatigable zeal has con- 
tributed more than anything else to the proof and 
recognition of the enormous antiquity of man—more 
than double that estimated by Sir Charles Lyell in 
his great work which produced so profound a 
sensation a few years ago. 

In addition to the privilege of visiting this early 
page of the world’s history under the qulines of Mr. 

engelley, whose life for many years past has been 
devoted to this research, the members joining this 
excursion will pass through the most beautiful 
scenery in Devonshire and will visit several places 
of interest in and around Torquay, ‘There will, on 
the same day, be other excursions and a dredging 
expedition, and the Earl of Mount - Edgeumbe 
has invited members of the Association to visit his 
beautiful park on Mount-Edgcumbe, and the ancient 
mansion of Cotehele. . 

From what has been said it will be seen that the 
inhabitants of Plymouth and its neighbourhood, and 
indeed the counties of Devon and Cornwall, are 
sparing no pains to do honour to their guests and 
to make the meeting of 1877 long remembered as a 
success. There will be, moreover, sev local 
papers of importance read before the sections, but 
we shall, on future occasions, publish some of the 








more valuable communications and shall give 
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notices of the progress of the meeting. Of the 
officers for the meeting we give a list on another 


page. 


THE POLLUTION OF RIVERS 
PREVENTION ACT. 

Towarps the close of the session of Parliament, 

last year, an Act was passed to further facilitate the 

revention of the pollution of rivers. While notic- 
ing its provisions we expressed the opinion that it 
was only a tentative measure, and that it would 
tend but little to carry out its objects in practice, 
It will come into operation on the 15th inst. 

Meanwhile the Local Government Board have 
issued a summary of the Act for the instruction of 
the sanitary authorities who will be affected by it, 
and we fancy from the precautions, and other 
features that this summary presents, the Act will to 
all intents and purposes become a dead letter. 

It appears that according to the provisions of the 
Act, as understood by the Government Board, 
pollution caused by factories or manufacturing pro- 
cesses is to be under a distinction to be drawn with 
sewage pollution, between the cases where the 
liquid 4 finds its way into the stream along a channel 
already used, or in course of construction, at the 
date of the passing of the Act, or any new channel 
constructed as a substitute, but having its outfall 
at the same spot as the original one. This may 

ractically leave all the evils of defective drainage 
toms factories for a long time untouched. 

One of the most important objects of the Act 
was to prevent the pollution of streams by mining 
refuse. Not “y ! has this caused injury to health 
of man and the lower animals, but it has stopped 
up or diverted existing streams, caused flooding of 
adjacent lands, and produced a variety of other 
injuries. With respect to cases of this class an 

ence will not be deemed to have been committed 
if it can be shown to the satisfaction of the Court 
that the person complained of is endeavouring, as 
far as lays in his power, to render the polluting 
matter harmless. 








As re, the new powers conferred on local 
authorities, it appears that not only can they take 
action in re to rivers, streams, canals, lakes, 


and water-courses, but also to the sea, to such an 
extent, and to tidal waters to such a point as may 
be determined by the Board. ‘The provision may 
be of great practical value in the case of seaport 
towns casting their sewage, &c., into the sea or the 
water of an Se, in many instances, the sea- 
side towns of England and Scotland suffer seriously 
in a sanitary point of view owing to the mixture of 
sewage and sea-water thus effected at each tide, and 
from the deposit on the shore which is left at low 
water. Under the Act, with certain limitations, 
every sanitary authority will have power to enforce 
its provisions in relation to any stream which 8 
through or by any part of its district, and for this 
purpose they may institute proceedings for the 
removal of any pollution. But for this purpose the 
Local Government Board must have re to the 
industrial exigencies of the om and to the circum- 
stances and requirements of the locality. They are 
forbidden from giving their consent to p ings 
by a sanitary authority of any district in which 
> engemaners | Bg my: are a characteristic unless 
they are sati , after due inquiry, that means for 
rendering harmless any refuse from manufacturing 
processes are reasonable and practicable, under all 
the circumstances of the case, and that no material 
injury will be inflicted by such proceedings on the 
interests of such industry. tors, appointed by 
the Board, will be authorised to grant certificates to 
the effect that the means used for rendering harm- 
less any sewage, poisonous, noxious, or polluting 
solid or liquid matter discharged into any stream, 
are the best or only practicable way of dealing with 
such refuse, and rendering it as rear as possible 
harmless. Certain restrictions are laid down as to 
setting the Act in operation, and, in fact, for all 
practi its administration will be almost 
entirely in the hands of the Local Government 
Board, without whose sanction nothing can be done, 
except that of taking the initiative by the local 
sanitary authority. 

From what has been stated above, it will appear 
that nothing very stringent may be expected for the 
next twelve months to come. The closing of the 
present session of Parliament, and the lapse of 
the pro Public Health Bill that was brought 
forw early in the session, leave not the most 
remote chance of amendment for any deficiencies 
that the 1876 Pollution of Rivers Act may possess 


Hence manufacturers have nothing to fear for 
perhaps a couple of years to come, and meanwhile 
they will have plenty of time to carry on experi- 
ments. When one of the largest bleachers and calico 
printers in the kingdom has declared that it is both 
easy and alike profitable to purify the refuse from 
such works, there lies not a shadow of excuse for a 
continuation of stream pollution from such sources, 
and hence it is to be hoped thatthe most stringent 
measures will be resorted to when increased powers 
are conferred by future amending Acts. 

One and an important difficulty occurs to us, in 
carrying out the Act—it is that of inspection. The 
engineering and medical staff of the Local Govern- 
ment Board are now far over-taxed, and equally so 
are the factory inspectors. In fact, for the pur- 
poses of the Act an entirely new staff of inspectors 
must be appointed. They must be men of thorough 
technical knowledge, well acquainted with all the 
details of the manufacturing processes of their dis- 
trict, and impartial in regard to their personal 
connexion with it. Where will the Local Govern- 
ment Board find persons sufficiently qualified in 
this respect to whom they can intrust a duty that 
must be carried out with strictness, yet with due 
care and judgment, so that while on the one hand 
the public health shall be properly looked after, the 
industrial interests of our manufacturing districts 
shall not suffer? We are afraid that the solution of 
this difficulty will of itself prove detrimental to any 
advantages which the Act may afford. On the 
other hand, we have the example of the Alkali Acts, 
of which it was predicted that they would be the 
ruin of the chemical manufacturer, but which in 
the end proved of the utmost benefit to his business. 
Perhaps our other manufacturers may turn the 
Pollution Act to similar account. If they do, their 
personal interest will effect infinitely more good 
than all the inspectors that could be appointed could 
bring about. 


ROLLING STOCK MAINTENANCE. 

A sHorT time since (vide page 367 of our last 
volume) we gave in a tabular form a statement of 
the locomotive working expenditure on the principal 
railways of this country for the year 1876, and we 
now give on page 114 of the present number a cor- 
responding statement of the expenditure on the re- 
pairs and renewals of carriages and wagons during 
that year. The Table we now give may be usefully 
compared with that which we published about five 
and a half years ago, andon which we commented 
at the time (vide pages 349 and 357 of our twelfth 
volume), it being borne in mind in making the com- 

ison that our former Table contained the figures 
or six months’ working only. Thus this comparison 
will show that there has been a material increase in 
both the number of vehicles and miles of line 
worked, the number of vehicles per mile of line 
worked remaining, however, almost identical in 
the case of the passenger stock, while in the case of 
the wagon neck it has increased about 8 per cent. 
The cost of maintenance under both the heads of 
wages and materials has increased since our last 
Table appeared, the increase being about 19 per 
cent. in the case of the passenger and about 12 per 
cent, in that of the goods stock. Expressed in per- 
centages of railway earnings, the cost of maintenance 
of the two classes of stock taken together is also 
some 5 per cent, higher than at the period of our 
former Table, So far, we have been speaking of 
the general averages, matters which are affected 
somewhat by the fact that our present Table includes 
some Scotch and Irish lines not included in our 
previous summary. On most of our main lines, such 
for instance, as the Great Northern, the Great 
Western, London and North-Western, London, 
Brighton, and South Coast, and London, Chatham, 
and Dover, we find a material reduction of the 
working expenses stated as percentages of the rail- 
way earnings. The only important lines, in fact, 
on which there is a material increase in the expen- 
diture are the Midland and the North-Eastern, the 
increase being here especially noticeable in the 
figures relating te the passenger stock. In the case of 
the Midland the cost of maintenance of the pas- 
re stock is given as 2.82d. per train mile against 
1.9d. in the first half of 1871, while in the case of 
the North-Eastern the expenditure under the same 
head has increased from 1.88d. to 3.32d. Our space, 
however, will not permit us to compare the various 
figures of the two Tables in detail, and we must 
leave those of our readers—and we believe them to 








EXTRACTION OF GOLD, BY PLATT. 
NER’S PROCESS, IN CALIFORNIA. 
By T. Easton, Ph, D. 

PLATINER’S eae for the extraction of gold from 
its ores by chlorine gas was introduced into the 
United States in the year 1858, by Mr. G. F. Deet- 
ken, of Grass Valley. 

The — of the process consists in attacking 
the gold in the ore by chlorine, forming a soluble 
chloride of gold which is dissolved out with water 
and precipitated. In order to effect this it is neces- 
sary that the gold should be in the metallic state, 
and that the ore should contain no substance which 
will be attacked by the chlorine, The chlorine must 
itself be rendered pure and must contain no sub- 
stance that will cause a reaction between it and the 
other materials contained in the ore, or between the 
constituents of the ore itself. The material which 
is to be submitted to chlorination comes from the 
mills in a fine state of division, and no stamps or 
other machinery for crushing the ore is associated 
with the works, 

T shall take as types of the process two chlori. 
nation works at Sutter Creek, Amadou County, 
California, both belonging to the same firm, one, 
the Sutter Creek Works, situated about two miles 
from town, and the other at the Lincoln Mine, 
and one the Union Hill Works, situated in Grass 
Valley, Nevada County, California. There were 
formerly a number of works in and about Grass 
Valley, some of which have been entirely aban. 
doned, and others are too small to be of any im- 
portance, All of the works treat ores for the owner, 
or purchase them for treatment on their own account. 
If the ore is to be treated for the owner it is put 
carefully into bins, and kept separate. If not, no 
special care is taken with it, beside having it care- 
fully assayed. 

[t is not generally considered advantageous io 
treat ores which contain less than 25 dols. per ton ; 
but poorer ores, as low as 15 dols., and sometimes 
lower, are occasionally purchased for a very small 
price, and then mixed with richer ones. I do not 
intend to describe any one] of the works, but 
rather the process as it is generally applied in 
California. 

The material usually treated consists of sul- 
phurets which do not amalgamate in the battery, and 
are caught and concentrated in the mills for treat- 
ment. They contain very variable amounts of 
gold. In some cases ores coming direct from the 
mine are treated, but this is rarely done, as it is 
generally cheaper to treat such ores by direct 
amalgamation. 

The process consists of : 

1. Roasting the ore. 

2. Impregnating the roasted ore with chlorine. 

3. Leaching the impregnated ore. 

4, Precipitation and fusion of the gold. 


1, RoastING THE ORE. 

The tailings from the amalgamation mills are 
composed for the most part of combinations of 
sulphur or arsenic with iron or copper. The average 
composition of the tailings of the different mines, 
as published by Mr. Deetken, is given below. 
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Analysis of the Tailings | = & go | 4O 
treated in Grass Valley. | *© =2 ga 
123 | oe | w 
|g22/ ga | 3 
[av | B a) 
Copper ... | 0.85 | 0.00 | 0.00 
— | 0.78 | 1.50 
Gold... ...| 0.02743} 0.00914] 0.0137 
Silver... .-| 0.0068 | 0.0035 | 0.003 
Zine | 0.00 | 1.84 
Iron ...| 40.65 30.85 42.05 
Arsenic w| trace | 0.00 | 21.25 
Sulphur .. .../32.80 |81.83 | 25.10 
Silica. ‘112.64 |33.30 | 10.35 
Alumina... : * ..| 0.10 oe 0.85 
Magnesia ove jee ...| 3.50 ove 
Oxygen and loss by difference} 8.65 1.67 0.38 
100.00 |100.00 |100.00 














The object of roasting is to convert all the 
metals except the gold into oxides which will not 
be attacked by the chlorine, leaving only the gold 
to be acted upon. The impurities most to be 
avoided are sulphur, antimony, and arsenic, since 
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gold. It is necessary during the roasting to avoid 
the production of any soluble protochloride of iron, 
or any other soluble metallic salts, as they will 
react on the oxide of iron, and also precipitate the 
gold in the ore tanks before lixiviation. Lime, 
magnesia, and lead are very deleterious as they are 
attacked by the chlorine. All the rocks in Grass 
Valley contain more or less lime and magnesia, and 
therefore absorb more or less chlorine. This effect 
is prevented by the addition of a certain amount of 
salt toward the close of the roasting. When the 
ore is free from impurities in contact with air and 
salt, sulphurous and then sulphuric acid is produced 
which acts on the soda and sets the chlorine free, 
and this acts on the gold. When lead is present, 
the salt acts upon the sulphate of lead and produces 
sulphate of soda, and the volatile chloride and 
oxichloride of lead. If the salt was not added this 
would be formed at the expense of the chlorine 
during the impregnation. 

If the gold is of a very low fineness, and com- 
bined with silver, a large part of it will be lost, as 
the chloride of silver will surround the particles and 
prevent the further attack of chlorine on the gold. 
For such cases a number of processes have been 
proposed in Europe; but have not, to my know- 
ledge, been carried out in this country. They 
generally consist in using a strong solution of salt 
saturated with chlorine. 

The roasting is usually performed in reverbera- 
tory furnaces, and the ore is, as far as possible, dead 
roasted. ‘The use of Briickner’s cylinders has been 
suggested, but they have not to my knowledge ever 
been used in the United States for that purpose. 
It was proposed at one time to introduce them, 
but this arrangement, adopted elsewhere, was not 
used in this country. 

The reverberatory furnaces which are used are of 
three different kinds. At Sutter Creek the hearth 
is in one continuous line. It is 80 ft. long inclined 
from the flue toward the fireplace, with twelve doors 
in aside, With three men per shift of 12 hours, it 
is capable of working three charges of 2400 lb. to 
2600 Ib. in 24 hours, 

That used at the Lincoln Mine has the hearth in 
the shape of benches, each hearth placed on a level 
7 ft. below the other, the discharge for the ore being 
through the fire flue. Each of the hearths is 16 ft. 
long, 15 ft. wide and of the same width throughout. 
The upper one, has only one door on the side and 
one at the end. The middle one has two on the 
side and one at the end; the lower hearth two at 
the side only. 

The drop flue is 12 ft. wide, 12 in. long, dampers 
are placed in it for the regulation of the draught, and 
a door for drawing down the charge. The grate is 
16 in, wide, 8 ft. long, and 4 in, below the hearth line. 
The height of the arch in the centre is 2 ft., and 1] ft. 
at the sides. The firebridge is one brick wide, the 
top is 8 in.*above the hearth, and 12 in. to 14 in. 
above the grate. On one side of the furnace there 








(For Description, see Page 114.) 


is a discharge door for emptying the roasted ore 
into a vault beside the furnace. This vault is 4 ft. 
by 6 ft., and opens towards the cooling floor. Rails 
are laid in it for the ore car. 

As the ore is damp it is placed on the roof of the 
furnace to dry, and charged through cast-iron 
openings 8 in. square, which are closed with a piece 
of cast iron and covered with ore. As the ore is fine 
it is generally best to have dust chambers attached 
to each furnace. 

The charge consists of 54 tons to 6 tons; 1 ton 
on the first hearth, and 1} tons to 2 tons on the 
second, 24 tons to 3 tons on the upper, so that the 
furnace works from 1 ton to 1} tons a day, varying 
with the quantity of lead in the ore. There are 
generally two men working ten hours each, and 
three men working eight hours each at the furnace. 
About two cords of wood, costing 5.50 dols. per 
cord, are used in twenty-four hours, 

At the Union Hill Works there are two furnaces 
which treat 2 tons in twenty-four hours. One is 
12 ft. by 14 ft., and has three hearths; the other is 
17 ft. by 14 ft., has only two. The three-hearthed 
furnace is only a little smaller than the other, costs 
no more to build, and does as much work, and is 
therefore preferred. ‘The ore is rabbled twelve 
hours on each hearth in the furnace with two 
hearths, and eight hours in the one with three. It 
generally takes fire as soon it falls into the furnace. 
One cord of wood is used in twenty-four hours in 
summer, and 14 in winter. 

There is an advantage in using furnaces with a 
drop, either one like that at the Lincoln Mine or at 
Union Hill, since the ore being thoroughly scat- 
tered by falling from a certain height is much more 
likely to be brought into intimate contact with the 
chlorurating gases discharged from the lower hearth. 
In this respect the furnace at the Lincoln Mine 
seems the better of the two. 

The fuel used in all these furnaces is always 
spruce and cedar; pine is not often used. The 
foundation walls of these furnaces are generally 2 ft. 
thick, and are made of stone, providing it can be 
had cheap, up to a little below the fire line. The 
rest of the furnace is constructed of red bricks, as 
the heat is not sufficient to render firebricks neces- 
sary. ‘The lower hearth of a furnace built in this 
way will last four years, and the upper hearths six 
years, with occasional repairs. 

When the ore is discharged from the furnace with 
the hearths at different levels, the discharge hole is 
closed with an iron plate on which some carbon- 
aceous material, to prevent caking or attachment of 
the ore, is placed. This is covered to the level of 
the hearth with old ore more or less moistened. The 
ore from the second hearth is now drawn very slowly 
on to the first, so that it may be as thoroughly 
chlorurised as possible in falling ; and that from the 
third on to the second, and the new charge is in- 
troduced on the third. The assistant is not, how- 
ever, allowed to introduce the ore from the second 
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hearth until the salt has been introduced on the first. 
The roaster takes charge of the ore on the first hearth, 
while his assistant pushes it down. It is at a dark 
red heat and consists of metallic oxides, sulphates 
of the alkaline earths, and a small percentage of 
sulphides. The heat of the furnace has been pre- 
viously brought up to a bright red. When the ore 
is suddenly turned and shows only a very few sparks, 
it is ready for salt, and the chloridising operation 
begins. ‘This is commenced after three hours’ work 
on the lower hearth. It is always well, whether 
lead is present or not, to add a little salt in the last 
roasting, as it reduces the amount of chlorine con- 
sumed and gives a purer precipitate of gold. The 
amount of salt used varies from 5 lb, to 100]b., 
depending on the quantity of lime, magnesia, and 
lead present. When this quantity is very large the 
roasted ore must be lixiviated to remove the coating 
of soluble sulphates and chlorides previously to treat- 
ing it with chlorine, Such large amounts, however, 
are quite rare, and when only a small quantity of 
impurities are present lixiviation is not necessary, as 
the water used in dampening the roasted ore ap- 
pears to attack the alkalin e salts sufficiently to 
allow of the gold being attacked. On the average 
only about 60 per cent. of salt that is used is de- 


co agen 

The roasting must always be commenced at a 
low temperature in order to avoid forming matters 
which are likely to be produced in case other 
metals, especially lead, are present; and it must be 
finished at a very high one, that is, the ore, as far 
as possible, should be dead roasted in order to 
guard against the possibility of the presence of any 
sulphates, particularly those of iron, or other soluble 
substances, which might act on the oxide of iron and 
precipitate the gold in the leaching vats, 

During the roasting the air is introduced through 
the working doors, and the — is kept entirely 
closed. On the finishing hearth the ore is raked 
first from one side to the other, and then made 
into piles, and cut down. This is repeated so as to 
keep fresh surfaces of the ore constantly exposed. 
When it will maintain a vertical face, and shows no 
bright specks, and is inclined to become black, 
which generally takes place from 7 to 74 hours after 
charging, it is ready to be discharged. When well 
roasted it will give an abundance of white fumes 
when tested with ammonia. The best results are 
obtained and the least chlorine gas consumed when 
the ore in falling gives a ht violet colour. 
When the sparkling is lively a larger quantity of 
salt has to be used, A ton of roasted ore will occu 
generally 244 cubic feet, and is derived from 2800 Ib. 
of raw sulphurets occupying about 13% cubic feet 

r ton. A ton of sulphurets will weigh, therefore, 
con 1450 lb. to 17001b. after roasting, and oc- 
cupies about 174 cubic feet. It should not contain 
more than 1% per cent. of sulphur. 

From the roasting furnace the ore goes to the 
cooling floor, which for a furnace roasting three 
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THE MAINTENANCE OF RAILWAY ROLLING STOCK. (See page 112.) 
Comparative TABLE Or EXPENDITURE ON CARRIAGE AND WaGon ReEpParrs AND RENEWALS ON THE UNDERMENTIONED RAILWays. 
(COMPILED FROM THE OrFictAL HatFr-YEARLY REpoRTs). 


COMPANY. 


uth-Western 


one 


Lancashire and Yorkshire 


London, Brighton, and South Coas 


oe 


nding August, 1876.) 


London, Chatham, and Dover 
London and North-Western... 
London and South-Western ... 


Manchester, Sheffield, and Li 


Midland 


Midland Great Western 


North British 
North Eastern 
North London 


North Staffordshire 


South Eastern 


neoln . 


Totals ani averages 


Salaries, 




















Yer Passenger 
Train Mile. 


| t 


OA 








02 


03 
06 


.06 


07 
06 
05 
06 


Superintendence, 
COMPANY. ae 

& 

; 

g a 

> ~ 

| 5 

< a 

£ £ 

Caledonian oes 304 | .26 

Glasgow & South 

Western ... a 395 | .57 
Great Eastern® ...| 1,000 | .57 
Great Northernft.. 914 | 538 
Great Northern 
of Irelandt ...|__ 400 | 1,04 
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Western vs] 308 | .73 
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Year ending December 31, 1876. 
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* Laclude new stock purchased to replace that worn out and chargeable to revenue, 

¢ The number of wagons does not include permanent way stock maintained by engineer’s department. 

¢ Expenditare on carriages and wagons not shown separately in the accounts, The apportionment mast be taken as approximate only. 

Nots,—The number of miles of line worked and the namber of carriages and wagons, as shown above, are, respectively, the mean of the figures for December, 1875, and December, 1876, except for the 
Great Northern of Ireland and the Great Western, where the figures for the end of June, 1876, have been adopted. . 








tons a day must have at least 350 square feet of 
‘his consists generally of a brick floor 
18 in, high. 


surface. 


enclosed with a rim of } in, boiler 
It is necessary that the ore should be thoroughly 
cool before being placed in the vats, as when it is 
warm a greater quantity of gas is used, and less gold 


is extracted. 


Tue Ten-Hovur System.—The ten-hour system has been 
introduced into the United States Navy Yard at League 
has met with no opposition from any 
he force at the yard is small; probably 


Island. 
of the workmen. 


This poieg 


(To be continued.) 





it does not exceed 200 in all. 


SANDERS’ AUTOMATIC VACUUM BRAKE. 

In the course of our notice, last week, of the recent 
meeting of the Institution of Mechanical Engineers at 
Bristol, we referred briefly to Mr. R. D. Sanders’ auto- 
matic vacuum brake which was fitted to the special train 
which conveyed the members to Swindon on the 27th ult., 
and we promised that we would illustrate the arrange- 
ment of this brake as now being tried on the Great 
Western Railway. This promise we now fulfil, our 
engraving on page 113 showing the arrangement re- 
ferred to. 

We first described Mr. Sanders’ brake more than two 
years ago (vide page 340 of our nineteenth volume), while 
| about a year later (vide page 241 of our twenty-first 





volume) we published a letter from Mr. Sanders in which 
he gave an account of seme modifications he had made in 
his original arrangement. Under these circumstances it 
will be unnecessary that we should enter into any de- 
tailed description of the brake here, but we may state 
that its leading feature—as distinguished from Smith's 
vacuum brake—consists in the brake-blocks being ap- 
plied not by the formation of a vacuum on the line of 
pipes which extends through the train, but by the de- 
struction of the vacuum which under ordinary circum- 
stances is continuously maintained in these pipes by the 
action of a small steam jet exhauster on the engine. The 
brakes thus go on automatically in the event of the pipes 
being ruptured. 
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Referring to our illustration on page 113, which shows 
Mr. Sanders’ brake as applied to one of the Great Western 
six-wheeled carriages, it will be seen that the brake 
blocks are actuated by levers connected by a rod to the 
vertical arm of a T-shaped lever under one end of the 
vehicle, the horizontal arms of this lever being connected 
to two collapsible india-rubber bags, asshown. A vacuum 
js under ordinary circumstances maintained in both these 
bags, but one being larger than the other, the T lever is 
drawn into the position shown in our upper view. When 
the brake is to be applied, air is admitted to the pipes 
leading through the train, thus destroying the va- 
cuum in these pipes and the larger india-rubber bags, 


the air, however, being prevented from entering the | P 


smaller bag of each pair by a valve which only opens 
outwards. Under these circumstances, as soon as the 
yacuum is destroyed in the larger bag on each carriage, 
the smaller bag acts on the T lever, raising that end 
which was previously depressed, and thus applying the 
brakes. 

The train which conveyed the members of the Institu- 
tion of Mechanical Engineers to Swindon on last Friday 


week consisted of an engine having a steam brake |d 


applied to its driving and trailing wheels, a tender fitted 
with a hand brake, one luggage van, and one saloon, both 
fitted with hand brakes, a luggage van fitted with both 
hand and vacuum brakes, and six carriages fitted 
with the vacuum brake. The total length of the train 
was 359 ft. 6 in., and its weight (including the estimated 
weight of the passengers) 166 tons 9 cwt.; the distribu- 
tion of this weight amongst the different brakes being as 
follows: 
Per Cent. of 
Weight of Train. 
Engine leading wheels without brake ... 6.0 

», driving and trailing wheels wit 


steam brake... “at ne ap 13.8 
Tender with hand brake 
One van ad is af oss 27.9 
», Saloon ,, 9 
One van with vacuum and hand brake, 
7.5 per cent. “ ee ince 52.3 
Six carriages with vacuum brake, 44.8 
per cent. ... ove ras oe 
190.0 


Thus altogether 94 per cent, of the weight of the train 
rested on braked wheels, but 52.38 per cent. only was 
carried on wheels directly controlled by the continuous 
brake. The following are the particulars of two 
stops made with the brake during the trip to Swindon, 
the figures being those given by the Great Western 
officials : 











Speed in Distance Time | 
Miles per run in | occupied in | Gradient. 
Hour. | Stopping. | Stopping. | 
yards. seconds. | 
45 | 157 15 | Rising 1 in 550 
53 223 16 bre 


| 





In the first of these stops the brakes on the tender and 
two vehicles were applied by hand in the usual way, 
while in the second stop three vehicles were braked by 
hand. The observations as to speeds and distance run 
were made by the Great Western officials in charge of 
the train, the speeds being estimated by observing the 
times required to run the half-miles previous to the stops 
being made, and the degree of estimation employed being, 
we aro informed, that used in ordinary practice. Know- 
ing, a3 we do, the precautions which have to be taken to 
secure accuracy in the carrying out of brake trials, and 
the liability to error in the estimation of the speeds 
where these precautions are not taken, we do not pro- 
pose to employ the figures above given as the basis of a 
comparison of Mr. Sanders’ brake with others tested 
under more rigid conditions. The figures, however, show 
that Mr. Sanders’ brake certainly acts with promptness, 
and we shall be glad to see it subjected to a fair competi- 
tive trial. In any case its automatic action gives it a 
decided advantage over the Smith’s vacuum brake. 








NOTES FROM THE NORTH. 
' Guascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last the price 
of Pig-iron remained py steady at 55s. 14d. per ton, 
and the market closed quiet. The warrant market was 
= and steady on Friday. Business was done in warrants 
during the forenoon at 55s. 1d. and 55s. 14d. cash, also at 
59s. 2d. fourteen days to one month fixed, closing with 
sellers at 55s. 1}d. cash and 55s. 3d. one month open, 
buyers offering 55s. 1d. cash and 55s, 2d. one month. ‘The 
afternoon market continued steady, and business was done 
at 55s. 2$d. fourteen days, sellers 55s. 3d., buyers 55s. 24d. 
cash, the final transactions being 1d. per ton above those at 
the close on the preceding Friday. As Monday was a Bank 
holiday there was no meeting of the iron ring on the Ex- 
change. The warrant market opened quietly yesterday, but 
ecame more firm, and a slight advance of price was secured. 
In the forenoon business was done at 55s. to 55s. 1}d. cash, 
and 55s. 1}d. to 55s. 3d. one month, closing — sellers 55s. 2d. 
cash and 55s. 3d. one month, buyers 1d. less. Sellers were 
firmer in the afternoon, and were asking 55s. 3d, cash, 





while buyers offered 55s. 2d. one month. The market 
closed at those prices. This forenoon’s market ope 
quietly, with business done at 55s. 1}d. cash, improving to 
55s. 24d. cash prompt, 55s. 3d. next week, and 55s. 4d. one 
month, closing with buyers at 55s. 3d. cash in ten days, 
sellers at 55s. 8d. cash to-morrow, There was no material 
change in prices at the afternoon market. The resolution 
of the ironmasters to blow out a number of the furnaces 
does not seem to haye yet produced any marked change 
either in demand or in prices, and it is now said that some 
time must elapse before that resolution can have any effect. 
There is, however, a certain degree of firmness in the 
market, and it is 
now being paid will be maintained. Shipping iron is in 
retty fair demand, and some brands have been advanced 
in price, Coltness No. 1 to the extent of 2s. per ton, and in 
some cases the makers are said to decline to sell even at 
the advanced quotations. If the autumn trade is at all of 
an average character, with the restricted make then in 
operation, it is metal that better prices will then be ob- 
tained. One blast furnace was damped out at Summerlee 
Tron Works last week, two have been blown out at Lugar, 
and one at the Portland Iron Works, both in Ayrshire, 
and therefore the number in operation has now been re- 
uced to 104, as against 115 at the same time last year. It 
is expected that a number more will be blown out during 
the next few days. A la uantity of iron still continues 
to be sent into store, mg the total stock with Messrs. 
Connal and Co. up to Friday night was 150,490 tons, the 
increase for the week being 1703 tons. Last week’s ship- 
ments amounted to 8241 tons, as against 8650 tons in the 
corresponding week of last year. 


The Clyde Shipbuilding Lock-Out.—There is now, to all 
appearance, a keen desire both on the part of the employers 
and employed to bring to a termination the unhappy dis- 
pute which has existed so long in the shipbuilding trade of 
the Clyde. A meeting of the Clyde Shipbuilders’ Associa- 
tion was held yesterday for the p e of considering 
certain proposals for arbitration in the case which were 
submitted by the Glasgow Trades Council, and by Mr. 
George Jackson, a gentleman who is deep in the confidence 
of the working men of the Glasgow district, and is highly 
respected by such of the employers as personally know him. 
The meeting resolved to entertain the proposals on learnin 
that the workmen involved in the original strike an 
subsequent lock-out were willi to abide by the bases 
proposed for the arbitration. hings certainly have a 
more hopeful appearance this week than they have had for 
a long time. 


The Caledonian Canal.—The seventy-second report of the 
Commissioners of the Caledonian Canal has just appeared. It 
states that the navigation of the Caledonian C: has been 
maintained without interruption from ice or floods. The 
works throughout the canal have been generally maintained 
in an efficient state. A serious accident occurred in August 
last to one leaf of the upper lock gates at Laggan, which 
was carried away by the steamer Staffa; but the through 
navigation was An 4 interrupted for eight days. Pre- 
parations are being made for the effective repair of the 
chain of locks at Banavie ; but as less public inconvenience 
will be caused by one continuous interruption of the navi- 
gation than by several of shorter duration, it is proposed 
to defer the closing of the locks until next spring, and in 
the meantime every arrangement will have been made to 
secure the execution of the works with the least possible 
delay. The branch line of the Highland Railway to the 
Muirtown wharves was opened for traffic in March of the 
present year. It has glveasy peeves to be a public con- 
venience. The completion of the new quay at Muirtown 
has enabled the commissioners to make improved arrange- 
ments for the increasing passenger traffic at Inverness. 
In addition to the usual passenger service throughout the 
navigation, Messrs. Hutcheson have established a quick 
steamer, the Loch Ness, for a daily service each way 
between Fort Augustus and Inverness, which increases the 
traffic of the canal, and gg to afford an important 
accommodation to the public. The receipts for the year 
ending 30th April, 1877, amounted to 75641. 14s. 2d., thus 
showing an increase of 8231. 8s. 10d. on the revenue of the 
preceding year. 


New Railway Additions in Fifeshire.—In order to ob- 
tain a more direct route to and from the West of Fife coal- 
fields, the North British Railway Company have in pro- 
gress the construction of two loop lines, the works of which 
are of considerable importance, and are i id pro- 
gress. One of the loop lines connects the nch line 
from Dunfermline to Thornton with the main line at a 
point fully half a mile right west from Thornton Junction ; 
and the other is further west and nearer Dunfermline, an 
joins the West of Fife Mineral Railway with the Dunferm- 
line branch about a quarter of a mile west from Halbeath 
Station. Eventually the mineral resources of the West of 
Fife will be further developed, new fields opened, and other 
industries, as a whole, benefited by these additions to the 
railway system of Fifeshire. 


The Bridge over the Dee at Aberdeen.—Mr. Blyth, 
C.E., Edinburgh, to whose opinion the questi n 
referred, last week addressed a very valuable report upon 
the proposed granite bridge over the Dee at Aberdeen to 
the Lord Provost and Town Council. He submitted an 
altered plan of a granite bridge of five spans, which he 
estimated would cost 19,0001., and which Mr. Fife, of the 
famous granite quarries at Kemnay had offered to construct 
for that amount. At the usual monthly meeting of the 
Aberdeen Town Council held on Monday the following 
motion was unanimously agreed to: ‘‘ That the council ap- 
prove of the report by Mr. Blyth, and of the design pre- 
pared by him for the erection of a granite bridge across 
the River Dee to Torry, and remit back to the committee 
appointed by the council on the 25th of June last, with in- 
structions to obtain from Mr. Blyth the requisite working 





probable that in the meantime the prices har’ 


and speci ions, and from Mr. Fife a formal tender 
or the execution of the work, and with power to the com- 
mittee on behalf of the council to accept such tender in the 
event of the same not exceeding the sum of 19,0001., and to 
take such further steps as may be nesennary fer P i 
with the erection of the bridge, it being tood that the 
council shall receive the contributions which have been 
promised by the City of Aberdeen Land Association and 
the other proprietors upon the south side of the riyer.’’ 


Clyde Trust Works.—At the monthly meeting of the 
Clyde Navigation Trustees held yesterday, Mr. Deas, engi- 
neer, submitted his quarterly report upon the river and 
bour works under his charge. It contained a great deal 
of interesting information bearing upon the new works, 
a, hay various contracts connected with the Stob- 
cross 4 


Cost of Extending Garvel Dock, Greenock.—At a meeting 
of the Greenock Harbour Trust, on Monday, Mr. Kinniple 
engineer, reported that the cost of extendi Garv 
Park Graying Dock, inclusive of a bonus of 6751. to the 
contractors, was 11,1751., or only 541. above the engineer’s 
estimate. The contractors had earned the bonus in conse- 
quence of their having completed the works within the 
specified time. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday, business, 
though not as brisk as it was on the previous Tuesday, was 

et of a satisfactory character; first demand continued 

tter than it has been this year, and the improved prices 
of last week were firmly maintained in spite of all the 
efforts of the ‘‘ bears’ to bring them down. Optimists 
are now disposed to 44 the season of depression as 
having come to an end, but if it has, which is very much 
doubted in some well-informed quarters, the improvement 
is not likely at this late period of the shipping season to be 
such as will materially increase the prices this year. Of 
one thing, however, there is a probability, viz., that the 
production during the next few months is not likely to 
exceed the consumption, seeing that a number of furnaces 
have been put out or damped down, and others are on the 
way for one or the other. The prices quoted are: No. 1 
G. M. B. delivered f.o. b. Tees, is 45s,; No. 3, 41s.; and 
grey forge which is in request for the Continent, 40s. to 
40s. 3d. per ton, less merchants’ tommission. 


The Ironmasters’ Statistics for July.—Thege have been 
issued and;tell in favour of the producers rather than the 
buyers. The stock of pig iron in the district is altogether 
250,538 tons, 229,321 tons being in the ds of makers 
and 21,217 tons in Connal’s store. The production of the 
109 furnaces in operation was 180,799 tons, and it shows 
that something has been done during the pag ear in im- 

roving the ans per furnace, for in Jul inst year 115 

urnaces only produced 169,514 tons. The exports of 
G. M. B. from Middlesbrough, Secceanes 70,000 tons, and 
was sent chiefly to Germany, Holland, Belgium, France, 
and Scotland. In spite of the depressed times we have 
three furnaces in course of cons ion. 


Engineering, Ironfounding, §c. — The engineers are 
only moderately supplied with work ; bridge work is pretty 
plentiful, this being a good time for Ts it on, as the 
prices of iron are so low. Messrs. we ins, Gilkes, and 
Co., have got the last girder put upon the Tay Bridge, but 
it will afford the firm a good of work yet before it is 
finished. They have also a large contract in hand for the 
East Indian railways. ea founders are well off, yey 
their prices are lower. The bolt and nut trades of the 
district are almost stagnant. 


Manufactured Iron.—No improvement in the demand 
has eccurred, and prices continue weak and i q 
No relief is likely to come in the cost of production, for Mr. 
Dale, the arbitrator in the late wages inquiry, has decided 
that the trade does not warrant any reduction of wages. 
This is a disappointment to lage ay nee who had been count- 
ing upon some drop in wages enable them to compete 
more successfully with other districts. Prices of finished 
iron have not changed, plates being still 61. 12s. 6d. ; bars 
51. 17s. 6d. to 6/.; angles, 61. 5s.; sheets, 7/. 17s. 6d; 
nail rods, 61. 10s. ; and small colliery rails 51, 15s. per ton, 
all less commission. 


Coal and Coke.—The shipping demand is pretty fair, but 
inland requirements are small, and even with the reduced 
output it is impossible to avoid accumulating stocks at most 

its. At very few collieries now is a remunerative trade 
Gas done, the cost of working being so great, 








Sypngy WATER Supriy.—The cost of carrying out a 
scheme for supplying Sydney, New South Wales, with 
water according to the suggestions of Mr, William Clark, 
will be 1,250,0001. 


Great YARMOUTH ANDSTALHAM (LIGHT) RAILWAY.— 
The first section of this line from Great Yarmouth to 
Ormsby was inspected and sed on Monday last the 
6th inst., by Major General Hutchinson, Board of Trade 
Inspector, and was opened for public traffic on Tuesday. 
The works have been exeented by Messrs. Wilkinson and 
Jarvis, of Westminster, Mr. Pinn being their resident 
agent. The total length of the line to Stalham is about 
17 miles, A further section to Martham will be proceeded 
with without peg, sae it is expected will be opened for 

ublic traffic by Christmas next. This line opens up the 
Norfolk Broads district, and accommodates a part of the 
country which hitherto has been shut off from the railway 








system. The promoters, under the c hip of Sir 
K. K. Lacon, Bart., anticipate a large traffic. 
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LOCOMOTIVE FIREBOXES. 
(Continued from page 78.) Se 
writing the ing part of our report, the chair- 
Rn a committee been enabled to make some 
experiments on the expansion of steel in the different parts 
of a sheet representing a side sheet in a firebox, under 
different circumstances, such as occur in the use of a boiler, 
except that the temperature of the water in the water-space 
was at no time greater than 212 deg. Fabr. If a sheet in 
a firebox, say a side sheet, were cut into strips of a few 
inches in width, in a horizontal direction, and each strip 
allowed to assume a length due to its temperature without 
hindrance to the strips next to it, and sucha change of 
length of the strip due to a change of temperature could be 
measured, then the forces developed by unequal tempera- 
ture of the different parts of a sheet could be located and, 
to a certain extent, calculated. With this object in view, 
the chairman of your committee proposed to the Otis Iron 
and Steel Company that they furnish the steel plates for the 
ur of making some experiments, whi they very 
Kin ly did, free of cost to your committee. The plates 
were 4 in. wide, 50 in. long, and ,*, in. thick in the rough, 
and fifteen in number, and were cut from one sheet, of 
ad of carbonisation of 0.08 per cent., the same in 





nality as they furnish for boilers and fireboxes. These 
Solas wane aieed V shape on the edges, the V of the 


ing and the bottom of the single sheet which formed the 
outside sheet to the wa: -space, was immovably fixed at that 
point, and could only expand and contract in the direction of 
its length with the parts to which it was attached, while each 
of the other plates, 2, 3, 4,5, &c., were perfectly free to assume 
any length due to their temperature, without interference 
from any of the others composing this sheet, ex the 
very slight friction of the rubber joints at their ends, and 
where their edges joined er in the horizontal seams 
or joints ; and as all the joints were well fitted, but little 
pressure from the bolts was required to make them tight, 
and as that was so insignificant it was unnecessary to take 
it into account. To measure accurately the expansion and 
contraction of each of the thirteen plates composing this 
sheet, under the variations of temperature under 
different circumstances, a pointer with a leverage of twelve 
to one, and a dial graduated to twelve points to the inch, 
were attached to each end of each plate, secured to a per- 
fectly solid and substantial frame of wood, entirely inde- 
pendent of the firebox, water-space, or any of their fasten- 
ings. This arrangement for showing the expansion and 
contraction of each plate is represented by Fig- 10. Ere- 
presents the plate, Fo in. long and 3§ in. wide; F F the 
pointers, 12 in. long, made of dry wood; GG, dials X 
attached to the timber to which all the pointers were 
fastened. H H are iron rods }in. in diameter and from 
12 in. to 24 in. long, to suit the position of each pointer as 
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lower edge of the one fitting into the corresponding shaped | 
groove of the one below it, witha strip of rubber yy in. | 
thick between the two edges to make the joint, as shown at | 
Fig. 7. The direction of the plates, as they formed this | 
sheet, was horizontal. The sheet, made up of thirteen of 
these plates or strips, measured 50 in. long, and 51} in. 
deep, each strip or plate and its rubber joint being 3} in. 
wide when in its place. It was placed on the inner or fire- 
box side of a water-space, 44 in. long, 49 in. deep, 2} in. 
wide at the bottom, and 3 in. at the top in the clear. The 
outer sheet forming this water-space was of steel in one 
piece, and 50 in. by 51% in. by yy in., and had previously 
served its time as a side sheet in a firebox. Both sheets 
were rivetted at the bottom to a bar 2} in. square, repre- 
senting the mud ring at the bottom of an ordinary firebox. 

The ends to the water-space were of yellow pine wood, | 
2} in. thick, nearly as wide as the water-space, and ex- 
tended from the mud ring to the top of the sheets, a stri 
of sheet rubber forming the joint between the sheets an 
the wood, making them water-tight. 

Each plate had one -in. bolt through it at each end and 
passing through the wood end, sheet rubber, and the outer 
sheet, as represented in the end view, Fig. 8, and also two 
= stay bolts were — through each plate at equal 

tances between the » as shown at cc in the side 
elevation, Fig. 8. Four }-in. bolts passed through the 
plates forming the top to the:water-space, and whichgrested | 
on the top edge of both the outer and inner sheet, down 
through the water-space and through the mud ring, to hold 
the plates composing the inner sheet together at the joints 
where their edges joined tight enough to prevent leakage 
A section of these joints is sented in Fig. 7; the whole | 
being as represented by the side and end elevations, Fig. 8. 
A cock was placed in end of the water-space at D, 2} in. 
above the top of the mud ring, and 2} in. below the top of 
the grate. firebox was constructed, with the water- | 
space represented in Fig. 8 forming one side of it, the sheet | 
composed of the thirteen sheets being next to the fire, as | 
represented in the end view, Fig. 9. This firebox was 44 in. | 
long, 15 in. wide at the grate, 19 in. at the top, and 41 in. | 
ah deltanih > Oo of 15 in. by | 
44 in., and a chi 4in. in diameter and 12 ft. high. | 
ap ends, and one side of this firebox were made of | 
old boiler plate, without water-spaces. The thirteen plates 
comes the sheet of the water: ‘next to the fire were 
num from 1 in. to 13 in., beginning at the bottom with | 
No. 1, which was rivetted to the mud ring, as represented | 
in 8 and 9. The top of the grate was 7} in. | 
above the bottom of the mud ring, and about } in. below the | 
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. 


| 


top edge of plate No. 2. Plate 1, being rivetted to the mud 


| X2, and 


| except that due to the expansion of the pla 


fastened to the frame; the ends being 
resting ina centre punch mark in the end of the plate 
(shown at BB, Fig. 8), the other in a point in the side of 
the 2 F, lin. from the screw holding the end attached 
to the frame. ITI are small spiral springs, bearing against 
the outside edge of the pointers, midway between the rods 
HH and the screw _in the lower end of the pointers, to 
take up all lost motion, and to keep the rods H H and the 


pointed, the one 


| pointers to their proper bearings and places. 


With the yo mary represented in Fig. 10, elongation 
of the plate E sufficient to cause the pointers to move out- 
ward from O one point (each pointer one-half point) will 
indicate that the point has increased in length the +},th 
of an inch, for the reason that the end of the pointer on the 
dial moves twelve times as far as the rod H, and an inch 
on the dial is divided into twelve points or divisions. 

As stated above, to each of the thirteen plates composing 


| this sheet, representing a side sheet in a firebox, was at- 
tached a pair of pointers as represented in Fig. 10. The 


water was in contact with each plate 44in. of its length, 
and the same length of each was exposed to the action of 
the fire, the portion below the top of the grate excepted. 
Pointers, as represented in Fig. 10, were also attached to 
the outer sheet forming this water-s at points in its 
height represented in Fig. 8, and designated as X 0, X 1, 
3. The pair X 0 were as high as the centre of 
the mud ring. X1 were opposite plate No. 2, and X 2 
a in height with plate 6, and X 3 with that of 

o. 11. 

The water-space was filled with water at a temperature 
of 54 deg. Fahr. The whole arrangement, as represented 
in Fig. 9 rested on a perfectly solid foundation, being 
secured and braced so as to prevent any displacement 

ee forming the 
water-space. 

The pointers and dials were all carefully adjusted, with 
the points of the former at 0 on the latter, the temperature 
of the plates, and that of the water in contact with 
them, being, as stated, 54 deg. Fahr. Rods H H were 
protected from the influence of the heat from the firebox. 
A fire was then started on the grate with wood, coal which 
had been slightly charred was afterwards added, and was 
in all cases used after starting the fire, in making the 
various tests ; the results of which, and the circumstances 
under which they were made, are set forth in the follow- 
ing Tables. The left-hand column giving the number of 
the plate, as represented in position in Fig. 8, and the 


right-hand column showing the expansion of the plate in 
length, in points, or divisions of the th of an inch ; the 
numbers as given in that column, i ing the number 


of ;},ths of an inch, the plate has elongated from an 
increase of temperature above 54 deg. 


The Tests, and Circumstances wnder which they were 


























made, and the Results, were as follows, beginning 
May 4, 1874: 
g | ; 
fi. | S|. 
re § me i) 
Test No. 1. 718 | Test No. 2. ois 
| 3_] | 5. 
§ | 6s | 8 | 63 
Z| ae | ja} ae 
| points|| points 
Fire started at 8.20/13 | 5 | With a good coal fire) 13 74 
p.m, and at 845)12/| 7 burning on thegrate| 12 72 
m., the pointers} 11| 8 at 8.55 or 35 min.| 11 8} 
indicated the ex-|10/| 7 after starting the} 10 8 
pansion of the diffe-| 9| 7 fire, the pointersin-| 9 8 
rent plates tobe as} 8 | 7 dicated the follow-| 8 8 
represented in this} 7 | ik ing joints of ex-| 7| 8 
Table opposite the) 6 | 7} pension for the) 6/| 8 
number of the plate; 5| 8 different plates, 5) & 
4\ 8 4\ 8 
3| 63 | 3| 7 
ot a | 2 if 
1| 08 | ai 3 
Expansion of the/X3| 6 Expansion of the/X3, 7 
outer sheet of the/X 2, 5% | outersheet at that|\X2) 6 
water space at the|X1| 2 time was as follows|X1,_ 4 
different points of } at 
its . height was as | 
follows ; | 











For instance, the figure 8 in that column, opposite plate 
No. 5, represents that plate has elongated by reason of an in- 
crease of temperature above 54 deg. eight parts of the 
y4ath of an inch ; or, in other words, ;'; in.,-&c. In all 
cases, the number of points given is the aggregate of that 
indicated by the movement of the two pointers connected 
to the same plate. For instance, if the pointer at the one 





























g q\_ 

Aa g — to) 

sig sia 

Test No. 3, ta Test No. 4. ~ 2 
2| 4. 2|8_ 
z AS - a3 
z|ae z|ae 

points points 

At 9,05 or 10 minutes} 13 | 8 At 9.20 the pointers} 13 | 74 

after test No.2 was} 12| 8 indicated the ex-|12| 8 
made, the pointers} 11 | 8 pansion to be ‘as} 11/| 8} 
indicated the ex-| 10| 8 follows, in the diffe-| 10 | 8% 
pansion of the diffe-| 9 | 8 rent plates: 9 8 
rent plates to beas} 8| 84 8 ry 
shown in this Table. ; 7 : St 
5] 8 5| 8} 

4| 8 4] 8} 

3] 8] 3| 8 

2 6 2| 7 

1] 2 1| 5} 

Expansion of the|X3| 7} ||Expansion of outer/X3/ 7 
an sheet was at x 2| 7% sheet at i. : Hs 
this time at X11} 53 >, 














end of plate No. 6 indicates three points on the dial, while 
the onsen the opposite end of the plate indicates 4} points, 
the result as shown in the column would be 7} points. It 
and contraction caused the 
plates to move slightly more in one direction than in the 
other, in a majority of cases, but the aggregate oes 
ment of the two pointers to each plate gave the tota 
accurately. . ¢ 

It will ve noticed that in {test No. 1 the expansion ¢ 
plate No. 1, rivetted to the mud ring, is but 0+ a point, - 4 
plate No. 2 is 1 point, while that of No. 3 has reachec 
6} points, and No. 4, 8 points, the most marked or 
being between plates 2and 3. The expansion of No. , 
which is situated immediately above the grate, is 6} ane 
greater than No. 2, the plates immediately below it, an 
13 times as much as plate No. 1. 


was found that expansion 


























. s 
g | 3 

& a|a 
_ 8 a 2 
Test No, 5. . ha Test No. 6. » | 3 

Z| a.- | 3S Be: 

8/83 | =} a 

| 5 | ea | 5 | ga 

|}42\R | hid 
| points 
points 4 
r 113) 4 
he fire was then| 13 | 5} |jFive minutes after) 13 | ° 
gE and the| 12| 5% || the water was run) 4 3 
water runoutatthe| 11/| 6 out, cold water at a) 4 2 
cock D at the bot-| 10; 6 temperature of 54) 1 |e 
tom, and as soonas|; 9/| 6 deg. was run in at) 9 | : 
the waterspace was| 8| 6 the cock D at at 8 | : 
empty the pointers} 7 6 bottom, until it ; og 
indicated the ex-| 6 | 5% covered the top of) 6 a 
pansion of thediffe-| 5 i plate No. 12, when) 2 oF 
Sen etree] $| $f | eedaeempennsn| 3 9 
shown in this Table. : = slate to be| 2 04 
1] & as shown in this) 1; li 
Table. 

Expansion of the)X 3 4 —— of outer = : 
outer sheet at — i 3 xil o 








°o 


When test No. 2 u . 
No. 1, plate No. 1 had gained } point, 


made, ten minutes aiter that of 
“9 while No. 2 gained 





3} points, and No. 3 but 1 point. 
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But little change is noticed in tests 3 and 4, except that 
plate No. 1 has increased in length from 2} to 5} points, 
owing to the increase of temperature caused by the circula- 
tion of the water after it began to boil. 

The ave: of seven different tests made within thirty 
minutes of that of No. 4 showed no material difference in 
the expansion oe Lr agg ane pee _ No. 1 showed 
an expansion of 6 points, a of } point. 

Test No. 6 shows that he tower plates contract most 
when cold water is run into the water-space, for the reason 
that the water abstracts heat from the plates, and arranges 
itself according to its temperature; the hottest being 
nearest the top, and coolest at the bottom, the temperature 
of the plate corresponding with that of the water in contact 
with it. Plate No. 1 did not contract so much as Nos. 2 
and 3, for the reason that it was rivetted to the mud ring, 
which, containing a considerable mass of metal that a few 
minutes before had been covered with hot water, had not 
yet had time to part with so much of its heat as the smaller 
mass in the plates. 

The results shown in test No. 7 are nearly the same as 
in test No. 1, showing a great difference between the ex- 
pansion of plates 4 and 3, above the grate, and that of 2 
and 1, below it. It also shows that there is but very little 
circulation of the water below the top of the te until 
downward currents are produced by the boiling of the water 
above it; that 33 minutes after the fire was started, and 
while considerable quantities of steam were thrown off 











|. j 
on a | § 
al < ~ 
Test No. 7. Lae Test No. 8, $|§ 
Lv 2 a 
= | gs 2/8. 
B | BS 5 | FS 
z| ae zi|ac 
points . points 
Fire was started in| 13 | 52 |/From 5.23 to 6.15,)13 | 8 
the firebox at 4.50) 12/| 6 with a good coal) 12/ 73 
p.m., May 5,and at} 11/| 6 fire on the grate, an| 11 7 
5.23, or 33 minutes| 10 | 63 average of six dif-/ 10 | 7 
after it was started,| 9/| 6% || ferenttestsgave the} 9| 73 
the water atthetop} 8/| 8 expansion of each; 8 7 
of the water space} 7 | 7} || plate as shown in) 7/| 7} 
boiled, while that} 6 | 73 || this Table, 6| % 
drawn from the} 5| 8} 5] 7 
cock D, 24 in. above| 4| 8% 4; 8 
the mud ring, had| 3/ 7% 3] 8 
not yet become per-| 2/ 2 2/| 7 
ceptibly warm to} 1| 1 1; 6 
the touch. The ‘ 
pointers at that time 
showed the expan- 
sion of the plates to 
be as follows: 
Expansion of outer/X3 | 7 /||Outer sheet at o-|K 3) -7} 
sheet at x2 6 e o os | 2] GE 
X1 3g ” ” eos | 6) 























from the boiling water at the top, the water drawn from 
the cock, 2} in. below the top of the grate, had not yet be- 
come warm to the touch. (The exact temperature was not 
obtained, owing to the accidental breakage of the thermo- 
meter.) Test No. 8 shows that plates 2 and 1 expand to 
nearly the length of those situated higher up, soon after 
the water boils with considerable violence. 





























: : 
a|s | a | & 
sig | Sig 
Test No. 9. ia Test No. 10. iz 
8 |g. 8/3. 
5B | Bs e | es 
Zz | z|a> 
points points 
The fire was allowed/ 13 | 0% ||Standing full of cold; 13 24 
to burn out, and] 12/| 0} water from May 5/12} 3% 
after standing two} 11/| 0 to 9.50 a.m. May 7,/ 11] 3% 
hours the water was) 10/| 0 the dials were care-| 10| 4 
run outat 845p.m./ 9/ 0 fully adjusted with) 9/| 43 
and at 9.05 cold}; 8/| 0 all the pointers at0,| 8 | 4% 
water was run in| 7/| 0 a fire was then) 7/| 4£ 
until full, and at} 6/| 0 started, and at 10); 6/ 5. 
9.20the pointersin-| 5 | 0 o'clock, just 10 mi-| 5 et 
dicated the follow-| 4/| 0 nutes after starting) 4| 7. 
ing on the dials: 3] 0 it, the pointers in-| 3 
2| O2 || dicated the expan-| 2/| 0: 
1 sion for the several) 1 
lates to be as fol- 
OWS : 
Expansion of the|X3| 2 |/Expansion of the/X3| 34 
outer sheet at x2); 0 outer sheet at X2/| 2§ 
X1| 03 X1} of 














rigteal tog . name pom Inny pane spe on to their 
origi engt ter cooling off an e water-space was 
filled with water at a temperature of 24 deg., except 
Nos. 18 and 15, which were in contact with the water that 
had abstracted a little heat from the plates as it came in 
contact with them while it gradually rose in the water 
space, as the water flowed in. Plate No. 1 was slightly 
affected by heat still retained in the mud ring. 
Test No. 10, as in Nos. 1 and 7, shows the great c 
that take place in the relative h of plates 2, 3, and 4, 
in the short space of 10 minutes starting a fire ; there 
being seven points, or nearly 4; in., difference between the 
h of plates Nos. 2 and 4. 

_ Tests No. 11 and 12 show the same results as others pre- 
viously made under the same circumstances—a great dif- 
ference in the expansion of the lower plates. No. 13 shows 
the expansion to be not much less in the lower than in the 
upper plates, after the circulation produced by the violent 
ebullition has been continued some time. Test No. 14 shows 


the sensitiveness of the plates to a change in the tempera- 
ture of the water in contact with. Guat After the water 








had been run out, and before any cold water was run in, 
the expansion was nearly the same in all; but as soon as 
it began to flow in, the plates contracted rapidly as they 
were, one after the other, covered by water ; as shown by 
the difference between plates 7 and 8. 
















































































§ § 
a | 8 a | 8 
Test No. 11. sig Test No. 12. Sig 
:|3 gen’ 
E| aa : i 
zie aia 
points points 
At 10.13, or 13 mi-| 18 7 At 10.25, or 12 mi-) 13 7 
nutes after test No.| 12 | 7 nutes after test No.| 12 7 
10 was made, the} 11 7 l was made, the 11 7 
water at the top) 10| 7 water drawn from| 10 | 7 
boiled, while that} 9| 7 the bottom of the} 9/| 7 
drawn from the} 8| 7 water-s; wasat) 8| 7 
cock near the mud-| 7/| 7 blood t, while} 7| 7 
ring was still cold; 6/| 8 that at the top was} 6/ 7. 
to the touch. The} 5 8: bo! and throw-| 5/ 8 
pointersat thistime} 4 | 8% ing offlarge quan-| 4/| 8] 
showed the expan-| 3 7 tities ofsteam, The) 3) 7 
sion of the plate to} 2/ 1 pointers at this} 2/| 6 
be as follows : 1 0: time indicated the} 1] 2 
expansion of the 
several plates to be 
as follows: 
Expansion of outer|X3/| 7 Expansion of outer/X3/ 7} 
sheet at X2/ 63 sheet at X2/ 7 
X1/ 3 X1| 5 
g g 
mR | 8 & | 8 
Sia Sia 
Test No. 13. oie Test No. 14. he 3 
4 a. 3 4 f 
|i 1k 
a Zim 
points points 
After the fire had) 13 | 74 |/At11.55, or5minutes| 13 | 24 
been kept upa little} 12 | 72 after test No.13, the} 12] 2 
more than an hour} 11; 8 fire wasdrawnfrom} 11 | 24 
after test No.12 was} 10/| 8 the box, and it was} 10 3 
made, and while} 9 |. 8} || lefttocool until2.15,; 9 | 3) 
steam was rapidly} 8| 8 or 2 hours and 20}; 8| 38 
thrown off from the} 7/| 8 minutes, when the} 7/ 1 
top of the boiling) 6 | 8} water wasrun out,) 6 1 
water, at 11.50) 5 and 5 minutes after} 5| 1 
o'clock a.m. the} 4 cold water was run} 4/ 1 
pointers indicated) 3/ 7 in, until it covered} 3)| 1 
the expansion to be} 2/| 6 the top of plate No| 2/ 1 
as follows: 1 7. The pointersthen| 1/ 1% 
indicated the expan 
sion for the several 
lates to be as fol- 
jOws: 
Expansion of outer|X3/| 7 msion of the/X3/ 3 
sheet at X2| 7 outer sheet at X2/; 1 
x1 X1}; lj 
8 | g | 
| = 
a|s | a | 8 
ol a -_ 
Test No. 15. Ps Test No. 16, Ss 
E BBA 
aI zm |e 
points] | points 
Water was then} 13/ 1 | After standing from| 13 | 7% 
allowed to flow in| 12 | 0g || 12 o'clock until 3.50} 12 | 8 
until fall, and 5 mi-| 11 | 14 || cold, @ fire was| 11| 9 
nutes after test No.) 10 | 2 started, and at 4.14) 10 | 9% 
14, the pointersiny 9| 1 || the water boiled) 9| 9 
dicated the expan-| 8 | 1 violently at the top,|) 8| 9 
sion to be as fol-| 7 while that drawn| 7 
lows: 6 from the cock D, at} 6 
5 the mud-ring, 6| 8 
4 still cold to the} 4/ 9% 
3| 0 touch. fire} 3| 8 
2 0: || burned briskly on| 2 of 
1] 03 the grate and the; 1 
pointers indicated 
the expansion at 
that time to be as 
follows : 
Expansion of the/X3/| 1 Ex ion of the|X3 it 
outer sheet at X2/ Of outer sheet at X2)| 6 
X1/| 03 X1\ 4 
After the water was allowed to flow in until full, 


the contraction was still further i . The heat 
taken from the plates by the water, as it rose in the water- 
spaces, is shown in the upper plates in test 15. Whenever 
water is below the boiling point, there is no circulation, 





tests, may have slightly effected some of the lower plates. 
Plate No. 13, being 'y above the top of the Pan om 
and also ly above the water, does not always correctly 
indicate the temperature of the water at that point, as the 
part above. the water was affected more or less by the 
atmosphere, except when the steam and water thrown up 
by the ebullition excluded the air from it. In this 
foaming caused the water to cover about the whole of the 


i 


showed } point less than th i ly 
and plate No. 6, { more. Plate No. 13 at that time was. 
above the surface of the water, and was affected by the 
atmosphere to the extent of 1 point: - 












































g = 
=| 8 a | 8 
- ee a . Ss a 
Test No. 17. Sis Test No. 18, ow te 
Ae Ae 
s 
z\iae z|ae 
points poluts 
After test No. 16 was| 13 at After test No. 17 was] 13 1 
made, a good fire] 12 made, the fire was| 12] 0 
was kept up for 45} 11 | 9 allowed to burn out} 11 | .0 
minutes, with no} 10| 9% and the box stood) 10} 0 
material change in| 9/| 9%} until 8 e’clock a.m.| 9] 0 
the expansion of the} 8 the next, day, with} 8 | 0 
er we except No. 1) 7 the mudand muddy; 7| 0 
ad expanded to 6) 6/ 8 water in it, when it} 6} Of 
ints and No.2to} 5 | 8} was found that the} 5] 0 
3. About 400cubic} 4/| 9 mud had settledon| 4] 0 
inches of mud (clay) 8] 8} the mud ring to a| 3 
was then poured 2 if depth of 2in. The} 2] 0 
at the top of the} 1/ 5 pointers then indi-| 1 0 
water-space, which cated the expansion) 
caused p g or to be as follows: 
fi to @ con- 
siderable extent, 
when the pointers 
indicated the follow- 
ing expansion : 
Expansion of the|/X 3 Expansion of the/X3/ 1 
outer sheet at X2/ 7 outer sheet at x2; 1 
X11] 63 X1/ Wk 
s g 
s Fi 
a |8 & | 8 
— | = 
Test No. 19, > if Test No. 20. La § 
a 
£\% £\8. 
e | #2 g | bf 
4 a 
. points points 
The muddy water) 13 | 43 |/At 2.30, orseven mi-| 13 | 7} 
was run out and) 12/| 6 nutes after test No.| 12 | 7 
clear water allowed| 11 | 63 19 was made, the) 11 
to run in until full.| 10 | 73 || water boiled at the) 10 
Another pair of 9| 7 top whilecold water} 9/| 7: 
pointers and dials} 8 | 6% || was slowly flowing} 8/| 8 
was attached tothe} 7/ 6 in at the cock Dat) 7/| 7 
bottom of the outer} 6/| 7 the bottom, inquan-| 6 if 
sheet, in line with} 5] 7 tity sufficient to re-| 5 
the centre of the} 4] 7} || place that thrown) 4 | 7 
rivets in the mud} 3] 6 off by evaporation.; 3 | 7 
anidesignated; 2] 1 At this time the} 2/| 5 
as X0, correspond-| 1] 0 pointers } 1); @ 
ing in height with pom pe 
those of plate No. 1. several plates to be 
A fire was started at as follows: 
2.08 p.m., and at 2.23 
the pointers indi- 
cated the expansion) 
of the plates to be , 
as follows: 
Expansion of the|X 3 Expansion of the)X3 
outer sheet at x2 at outer sheet at » ae af 
X1/ 1 X1 
Xo a XO}; 1 








Test No. 19 gives the same results as previous one, made 
under similar circumstances, the expansion of the outer 
sheet being a little more, at the top and bottom, than the 
P tes composing the inner sheet, while at the centre in its 

ight expansion is a little less. 

est No. 20 shows the effect of the cold feed-water, as it 
flowed in at a point 2} in. below the hg of the grate, in 


was0. At X —euien of the sheet ( 
Forgery tes height wit 7 No. 2) was 84 points, while 
that of plate No. 2 was 5 points. At X 2 ( 


with plate No. 6) the expansion was 6} points, w 


except that neces to the warmest to find its wa 
tn ee toms whens, b will veal oo tome be 4 pomaiee dary zo & peek pee At X 3 ( in 
warmer than that below it. Test No. 16 shows the same | Deight wi 0. 11) the was points, 
results as to the great difference in the ion between that of p _ No. 11 was oe The results of ex- 
the plates immediately above the grate onl those below it. ap as # that, bo ou! co 8 tal’ Pore. te that the 
When this test and subsequent ones were made, the water ween ono : e was elonga' dt points, not 
necessary to replace that evaporated was run in ina regular ont ae th ne, Lat oom Seng eee a part of the 
supply at the bottom, while in the case of previous tests it | 5°S°4 ve it, Ww — wars puny Baty | ty es At 
was run in at the top of the water- near one end, tek beh OR toned ot Shat of late N Mths 
Supplying at the bottom may account for the low temper- a in he nF ad go » W . Gon te —— ¢ 
ateee, - consequent little expansion of plate No. 1 in was 5 points sheomring: tan. the oh inven eine 
i i i . 17 produced partially held back from assuming length by 
but little effect on the expansion vf the plates, beiug nearly | P&r¢ through X 0, and that by reason of the strain, bronight 
the same as test No. 16. The top of water-space being open | P00 X 0, by hol back X1 from due to its 
to the air at two points, more or less water was thrown out | emperature, X 0 was elongated 14 points more than that 
with the steam, necessitating the introduction of a greater |.1ue to its temperature. : 
quantity of cold water in a given time than in previous (To be continued.) 
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METALS. 
£ 


ANTrtMONY ORs (per ton)— 
UB (BEAT) .co.cerserseree 

Brass ( Ib.) — 
Shoots 48 x 94 ccccccccecceoee 
Yellow metal ....ssce-seeee 


9 
47 
8, 


CASTINGS, TYNE AND OLBVELAND 





Ooprsr (per ton)— 
Chill bars .,,...c0rssrseseern 
Raglish tough, best......... 
” INGOt ..,.eeseerereee 





{non = 
Red bh omative, Bri 
Inow Pie ton)— 





4 ‘ge 

Other qualities ececceceneee 
Welsh (South Wales) .., 
» Gorth Wales) .., 


Phot 
m.b., W ccseneees 
Gartaherrie ..,..ccccr.cee0 








Colt 
Langloan . 
Carnbroe .. 
Monkiland.. ~ 
Govan, at Broomielaw... 
Calder, at Port Dundas... 
Glengarnock, at Ar- 
— segccecoecooccocescee 
ton, BLO ncorcereeres 
re ditto...... 


Oarron, at 
Ditto, specially selected 
Shotts, at Leith .....0.0000. 


at Bo'ness 
(The above all Meee an duaiie. 











3. 

Sh IDITO seoresesessseeeees 7 

N Staffordshire ....., és 

South ° sesvee «(00 

Yorkshire Thornaby pig. 60 

Ridsdale Nos, land? .,, 90 

Laon, WRovest— £ 

and ANgleS,.,....000. 6 

@ bare sxgemseenee ry 

=  Galer plots... 3 

: ship fates { 

8 

9 

s 

5 

r) 

20 

20 

19 

oe aE | | 
PaosPHoR Bronzs— 

(POT CWE.) rrscccsecrcsererre § 
QUIOKSILVER (per bottle) 9 
Scrap (per ton) — 

Old rails for re-manu- 

factu 4 
SPxELTer (per ton)— 

Silesian, ordinary ........ 19 
SPrke SLEISEN (per ton,— 

Best 6 

COMMON aissessesseeceeresees — § 
GTERL (per ton)— 

Best COSt ....ceccecresce senses 34 

»» double s sreceee 45 

le ervccseee | $2 
English spring ecccecesevee 84 
Bu OOF pe eee eeeretees seers 0° 
MURR secrecccesersecseceessceee 98 
Bessemer rails ....cccerceee 7 
10 


»  eeeerene vennes 
” seewecees ee 


ne DILCtB ... seoreevee 
w INZOtS .reresereree 


STEEL CASTINGS (per cwt)— 


sg cylinders in 
he rough not to ex- 
cont 4a in length, 
guaran ececcecenccerse 
finished ., be 


Do, do. whee 
Pinions and cog 
Hammer en faces, 
on ewt. and 
ih Ghee for rivetting 
machines, &c., 1} to5 


COWL ..crrccceccccccecccccerenses 





eecoo0eonm Fo eeanancoant Seoocoeoo oe 


ooo Suooesoooce 


- 
moos HOS Gs BONG OS 


ow 


eoP eoSecco 


~*~ 
eomeeaooao’ gooosocecoe 


oo oeooced 


hal ecccon 


- 
emoorsoeoce 


cooom 


° 


























STEEL CASTINGS—Continued.s. 4. 
Side cranks, cross heads, 
crane wheels, engine 
B1IGOS, BC. ......000020-00-+0 244 #0 
Tambler bars and other 
castings for dredging 
purposes ,.... essccccccocs . 2 © 
Swepise [Ron (F.o.b.) at 
Gottenburg — 2 8. 
) enn 
Bar rolledies......cceccorseecee 12 © 
wb a 1§ ° 
br (per ton) — 
Salts .rercrcoreescersrerers 6§ 10 
Billiton 68 0 
ee 69 «6° 
English ingo jo © 
3% 0° 
English refined 3° 
Australian..... 6s § 
Tin PLATES (per box)-- s. 4d, 
LO, CRarcoal c.ecceseree 30 0 
° 
° 
90 eoeveeccecescsececcen B83 @ 
Zuo (per ton)=- £ 6. 
Sheets, English ......... 23 § 
WIRB, Fencing oevreceossoree 10 18 
» Telegraph (galvan'sd) 16 10 
COALS AND COK 
OOALS (per ton)— 8s. 4d 
Barr °° 
9 ° 
8 °@ 
8 @ 
8 @ 
7 © 
8 @ 
9 © 
8 © 
CoKkE— 
OlOVEIANA nrorccreseserereeeres 9 @ 
DUrbaM.,..ccccrcrccsssersseree 30 


OILS, GREASE, 7 er 






















OILS (POT CUD) ....eecerseseeree 5. 
Seal, brown... we > ° 
» Ppale.. 33 «O° 
= head 82 © 
hale, pale... $5 10 
"” so (8 
pon 28 10 
GLU ....ccrcerscrressbecescrssevee 30 © 
PsTRoLeumM— a. da. 
Fine (per gallon) je... © 10g 
ty BPITIE.......0crcersersene 9 OF 
rose 6 r — 
= 12 oO 
PLoMBago (per owt.)— 
Ceylon LUMP picceerserere 16 3 
oo QRNBO cceremrccccses 9 8 
WB rccccerscsccccerse SF § 
Rauwar Gukass 
COW.) —RO80'S rccccesesseeeee 238 0 
Resin (per cwt.)— 
AMOTICAN .,,....0000000000008 S$ 4 
TALLOW (per owt. ) 
N. AMeOrican srececsessree 49 0 
8. American beef 43 «6 
ée sheep... 43 «C6 
Australian beef ..... 42~«C 
> =—y ecscceree 42 6 
St. Petersburg, LD. woos 48 6 
English, ae sesececsereesss 39 © 
Rough, English ........... 12 @ 
my on ree (per bari, 19 (O 
Archangel, seeceevenesetereverss § 3E ° 
TURPENTINE—S 
American ( a sorceress 84 0 
WIPINGS, ONZiNG.....000000. 08 © 
CHEMICALS, &c, 
AcrIps— 8. ad. 
Aquafortis (per lb.) ...... 0 4% 
Sulphuric acid (per = ° bs 
Sulpharic acid, brown... o 0 
Ammonia — Muriate (per £ 8, 
COM)..cccccccccccccccoces seccocee SB O 
ARSENIO— 8. d. 
White, lump (per ewt.)... 26 o 
Powdered (percwt.) .. 9 6 
BLEACHING powder percwt. 6 o 
Borax—refined (percwt.) 40 o 
BRIMSTONE (per ton)— & s 
Ro etbeveceacceccsccoccence  .§ 10 
Flour .... o St 18 
| ee 
OoPpPERAS — green (per 
“TW .esesereseeeseecsseceses §O @ 
Goreme Sulphate (per 
WE.) cecsceseccscsccccececion 8S © 
SEbey Sats, &c., (per cwt.)— 
Acetate, DEBE cores $2 © 
Brown 33 «O° 
Joo -ce cccdnedenee a3 0 
Whi 28 he 
LITHARGE per CWE) ccccseree 35 @ 
PoTASH—Bichromate (per 
ok Ib.) may o 4 
ae TPETRE 
fish refined, b oo 0° 
Bonba; Foes ° 
1 ° 
Sopa 6 
” Cc 17 





m 


f eGuniash® SP ooo, 
Pow coom gumg 


oon? 


- 
FPoeeoPSecocece 


SAV ace oof 


co 
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oun oa SeRoo00c0e00 


eacoooo00do a 


ow 
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oon 
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TIMBER, DEALS, &e. 
LONDON 


(Per Petersburg standard) £ 
Archangel ~~ yellow..... 





oan A 

80) and white... 

Se = other 
sorts oe. 


18 
1 








ae 4.8. ‘battens... 


AMERICAN 


7 10 


—s ist right pine... 16 © 


» ow TL 10 


ira 7.15 10 ° 
Floated pine 40s., 20s., ‘and 10s., lens for lst, 


2nd, and 3rd, respectively. 




















coooo 


eocse 


sf 
by 


e@ eccoo 


ceooeo 


ecoooce 


* COneowz ao ace & 


ow ono 


Canadian spruce, Ist...... 10 0 0 12 0 
- @ 2nd... 810 09 9 § 
ard . 710 0 8 © 
New Brunswick spruce... 8 0 o 810 
Ditto battens ...0.8......02 710 0 8 0 
N.8.&P.E, Islespruce 710 0 8 © 
U, 8. pitch pine ............12 10 @ 13 10 
a ~ 9 TIMBER—(per load) 
Pending e A cans and 
sttcesrssesesentee § 10 0 4 O 
Do. —- , and spare 410 0 § 9° 
Yellow pine, large... § 0 0 § 10 
Ditto waney — 400 § 0 
Ditto small ....... 315 0° 40 
» 2) 26 
610 0 710 
$ e@ oe g§10 
410 0 6 Oo 
4°e°0 é ° 
415 0° ° 
410 © 5 © 
710 0 810 
8 eo 0 © 
Ir © © 12 0 
deocseccettecssrcceee 8 © O Q O 
Australian ironbark ...... 6 § @ 710 
BALtTic TIMBER (per load) , 
TF ccccccscccccsccscoces $10 09 45 
Danisicand Memel crown 4°0 §t0 
» Istmiddling.... 310 0 410 
" middling, 
and 2nd... § § 0 4 0 
» common amid. 
215 © g © 
2132 0° 30 
250 210 
3°00 g10 
210 0 3215 
25 0 215 
eeeccccesccecsssenscecne BIS O 8B § 
“ay cr? BoaRps (per sq. 
in.)— 
First _+-~ ~*haagnenmnenmansen om 6 ong 
white . : = ° o73 
Second qaaliti sa °o 013 
The above prices “at “ihe Docks.” 
LIVERPOOL. 
WHOLESALE PRIces OF TIMBER, DEALs, &0. 
FRoM Baits NoRTs AMERICA. 
Ping TIMBER (per cubic 
‘oot string measure £a4. £8, 
Pera sees ow OB O88 
aneyboard.. o 2 3 © 32 
St. oe oo °o323 03 
and 
org oer 
o1r4 o1 
Edward Island ,,,..... 0 1 3 #O 1 
} ~ ay L-com we Ft 
tone es 3 61 
Elm e@ 11m 02 
°1r9 023 
o1r16e3 
United States ........... 9°93 3 0 4 
rahe” ~ decarunaions o1r3 e141 
Baetie oz org orf 
ova 
ee nines ortrter 
Masts, Quebec Ist yellow 
pine ( Deccnrsecce © 8 6 O § 
DEALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, lst... 19 10 © a1 10 
Quebec yellow pine, = 12 10 © 14 10 
. 9 0 © 1010 
st. John, "Bangor, ‘te, 
710 0 oo 
7 o * 7. s 
“J to 0 8 o 
° 610 





eoco 


Frou THES Unirep Srares, East AND West 
INDIES, AND AFRICA. 


(Per cubic foot, string 


measure) 
Pitch pine, hown  ..«.cess 
BAWD.,crssesee 





& 
° 
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sd. £ 8. 
3-8 @..2 
z4 eF. 
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£4 £ 84 
= a ohne planks ...0... 02 3 OF 4 
ited States oaklogs... © 2 3 9 2 8 
(Per ee measure) 
East Indian (perld) 10 1g © tr § © 
scccscesetetccscce 8 5§ @ FY O O 
Demerara MOrra...01004 515 9 6 0 © 
Bullet tree (per foot)... 9 2 9 © 2 6 
From THE BALTIO, &0. 
(Per cb. ft. string measure) 
Fir timber, Rigared..... © 1 4 9 © 7 
Fir timber, Dantzic and 
Memel crown ........... 9 © 7 %@ F110 
Ditto, ditto, otherkinds o 1 4 Of 7 
SLOCUM nccccorccccccssscrccccee O BE §$ 8 3 §F§ 
Swedish Oe: 2.0 @ § 
DOE TOG ccccerccecceseescccspeny' © OBS. @ B 8 
Warnsoot (Logs calliper 
measure) 
Biga, &C., COWDsw 0 6 0 © 7 0 
Ditto Drack crecccccccoreees © § 89 8 § 6 
Oak timber, Dantzic 
(string measure) .... © 2 © © 2 4 
Pit props per linealyard o o 24 © © 4 
DBALS, &c.— 
(Per Petersburg standard) 
Redwood, Archangel, snag 
Onega, TE wiasaaas oe 1810 © 
Ditto, ditto, 2nd _ .. ° 1g 10 0 
Redwood, Petersburg © 17 10 © 
e a 2n e 1§ 10 © 
ae Wyburg ....0.08 12 0 0 13 10 0 
” Uleaborg ..,... 19 10 © 12 10 © 
pa Gothenburg.., 11 10 © 15 © © 
me Gefle and Stock- 
holm ..,...0.13 0 0 16 0 0 
~ eo muoo 
pas NOPWSY....0000 ° g10 o 
Ditto white... 7 © © 715 © 
MaxoGany, &o- (per foot 1 tn ) 
pease age © © 8S C8 6 
OUD ccscccsccrseseees eo o 6 © o10 
BAadicd secrccccee sevees oo © Gg CezT 
Uedar, Havana, &€. ........ 0 0 44 0 0 Sf 
Sleepers, Hackmatack, each 
9x10x5 036040 
e Pine ” °o30 © 3 6 
» Hemlock ,, o23 0°32 6 
@ Fir cccccccccscososese @ § © @ § 6 
HULL, 
(Per load). 
Memel crown firtimber... 4 7 6 410 0 
qa3$5 0 gro 
Riga and Dantzic ‘ist oe 4 § 9 410 0 
” se ' ee © 
Swedish 2160 300 
” 210 ©0 oes 
timber... 2203250 
(Per cub’ 
Quebec elm... eo1r9 03239 
" o:1 8 oat 
os ash ... 0323 03 6 
St. John’s birch ., o1r6 01g 
Pitch pine, — eo sg) oe 6 
@2rtg o87 
Pie Petersburg stan * 
tArch, and Onegared... 30 0 © 20 § © 
» Petersburgred3xll 19 5 © 19 10 0 
” white ...11 7 6 1210 © 
Wyburg TOC. sserercscesesererrns 14 10 © If 10 0 
Quebec Ist pine ...,.....000008 23 19 © 25 10 0 
” 2nd ,, eee 16 10 © 16 § © 
2 érd ,, omweoe 
4th 5 0 810 © 
Gefis and Soderham mixed 35 0° 99 00 
Baltic 1st red flooring bds. 14 5 o 14 13 0 
Ditto WHItC ..rrccroverersereeere 12 0 O 5 0 
Oharge for labour 2s. per standard for deals, &e. 













and ls. 6d. per load for timber. 
‘WEST HARTLEPOOL. 











(Per cubic foot) 
Dantzic good middling fir... o 1 gf © 1 
Ditto common middling fir o o1 of 
Sundowall fr ...rccccccccceeee 0 o o18 

(Per Petersburg standard.) 
crown white deals...... 10 © © 10 § 
Getle Ist red deals .......008. 17 § © 18 § 
— ee 2 6 1410 
” 3 ” § o 1215 
» 4h sreeesseeee TO § O 10 12 
a unsorted white deals 
evecescserecsceseessscocsce IO § O 10 7 
Tunadal Ist red deals ...... 70 Oo 1 2 
ee DALLONS.....c00ecreees 15 10 O 15 12 
pe —— deals......12 © © 12 2 
batte ecsececceces 10 § O 10 F 
Gottenburg 2nd red ba ttens 12 10 © 12312 
érd aoe & Ss 
Petersburg lst red deals... 17 15 0 18 10 
Quebec Ist pine 3in. x 7in 
ONd UPWAFAS..,....010000008 33 © 0 0 0 
Ditto, ditto, 2nd . owe 10 00 00 
Ditto, ditto, 3rd ......cc00.008088 1010 0 8 0 
Wyburg nd red deals ...... 11 12.6 11 15 
Charge for labour 2s. per standard for deals, 
and Is. 6d. per load for timber. 
WISBEAOH. 
(Per Petersburg standard.) 
Gefle lst reddeals .........17 15 © © 0 
he o 1412 
red di o 1215 
Gothenbrg. 2nd red deals... ° 37 
3rd 6 12 § 
Petersburg Ist red deals ... ° 18 10 

ae se ° 1617 

- » white deals om § 

- “ batts ° 1017 
Gothenburg 2nd red deals 13 o 13 7 

os ard ,, o 12 3 

pe © 11 10 
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EXTRACTION OF GOLD, BY PLATT- 
NER’S PROCESS, IN CALIFORNIA. 
By T. Eatestoye, Ph, D. 

(Concluded from page 114.) 

2. IMPREGNATION. 

WueEN the ore has become entirely cold it is 
dampened with 4 to 5 per cent. of water, so that it 
will pack in the hand, but fall to pieces when 
touched. It is then sifted into the impregnation 
vats. ‘These vats are made of the best sugar pine, 
9 in. thick. They are 7}ft. to 8 ft. in diameter, 
and 3 ft. high, and have a batter of one inch to the 
foot. They are thoroughly coated with tar on the 
inside to prevent the action of the chlorine and 
leakage. Before using them for the first time they 
must be thoroughly soaked with water to prevent 
loss of the goldsolution. They contain from two to 





four tons of roasted ore. In most works these tanks 
are placed upon the floor in a line on one side of the 
roasting furnace ; but in some cases they are swung 
upon gudgeons, as shown in Figs. 1 and 2. The 
number of these tanks varies with the quantity of 
ore to be treated. At the Lincoln Mine there are six, 
and at Sutter Creek there are five. They have a false 
bottom placed at least 1}in. above the bottom of 
the tank, in order to allow the exit pipe, which 
is 1} in. in diameter, to enter. This false bottom is 
pierced with }in. holes 10in. to 12in. apart. It is 
sometimes made by placing pieces 2in. wide and 
Lin. thick, } in. to }in. apart overthe bottom, Over 
this a layer of quartz the size of hen’s eggs is spread 
to a depth of 3 in. to4in. Upon this small pieces 
half the size are laid for 1}in. to 2in. in depth, and 
so decreasing in size until 6in. to 8in. from the 
bottom sand is placed. The filter is generally 8 in. 
to 10in. deep. This filter remains permanently in 
the vat until it gets dirty, It is then taken out, 
washed, and used again. 

When the vats are ready for the charge, fifteen to 
twenty small buckets of dry ore are spread over 
the bottom, in order to take up any moisture which 
may remain there. If it becomes too damp, a 
sufficient quantity of dry ore is added. Wet ore 
over the false bottom would prevent the easy pas- 
sage of the gas through it, and cause an increase 
in the consumption of gas. If itis too wet the 
whole quantity of gas used for the charge may 
not rise more than 2 in. above the bottom of 
the filter. When it is too dry the ore is not pro- 
perly acted upon. 

When it is of the proper dampness it is raked 
together and charged with a shovel on to a sieve four 
to eight to the inch, and falls on the filter. This 
sieve is on rollers, and is made to run backwards 
and forwards over the top of the tank, so as to dis- 
tribute the ore as evenly as possible. If the bottom 
of the vat was not dried in this way, the lower 
stratum of ore would take up the moisture and 
be toodamp, The rest of the charge is moistened 
outside of the vat, and treated in the same way. 


The object of the screening is to make the charge 
equally damp, uniform in size, and prevent nails 
and pieces of iron, which would 
from getting into the vat. It 


recipitate the gold. 
is filled in this way 


to within 2 in. to 4in. of the top. When there 
is about a foot of ore in the tank the chlorine is 
turned on. It takes one man two hours to charge 
the vat. He must work well not to be caught up 
with by the gas, for by the time the vat is filled 
the chlorine is near the top. At the top the ore is 
made higher on the sides and low in the centre, so 
as to be funnel-shaped. 

When the tank is full, the coyer, which is made 
of flat boards, supported on the top with six braces, 
2 in. wide and 3 in. high, is placed in position. It 
is coated on the inside with tar, and suspended in 
many works by means of a chain. It is luted, and 
made perfectly tight with dough, as this is the 
cheapest material for the purpose. ; 

A small hole in the cover is left for the escape of 
air, and to observe by the ammonia test the moment 








when the chlorine reaches the top. This hole is then 


closed, but the current is kept up for two hours 
more. ‘The gas is generally passed for five to eight 
hours, the time depending upon the size of the ore, 
When the gold is very fine it will take more time 
than when it is coarse. In order to be economical 
the operation must be conducted quickly, It is 
necessary, therefore, that the gold should be as fine 
as possible, or the time taken will be too great. 
Ktter the charge is thoroughly impregnated, the 
chlorine tube is removed, and the gas is allowed to 
remain in the ore for about 40 hours in order to 
obtain its full action. In the Union Hill works, it 
was left only 24 hours, because they did not have 
vats enough. ‘This is a very short time, and un- 
doubtedly entails a loss; but at Union Hill they 
did not seem to think it of very great importance, 
The chlorine necessary for a three-ton charge of 
refractory ore is generated in a covered generator of 
lead, Fig. 3, 20 in. to 24 in. in diameter, 11 in, to 
12in. deep. The cover is made gas-tight by a water 
joint 2 in. deep, and is raised by means of rings on 
the side. The bottom is made of lead, which weighs 
16 lb. to the square foot, and is about 4 in. thick. 
The sides weigh only 8 lb. per square foot. The 
generator is placed on a sand bath standing ona 
perforated arch over a fireplace, Through the 
centre of the cover a shaft of hard wood, provided 
with a water joint, and to which a horizontal 
arm with stirrers is attached, is passed. It has 
a crank at the top, the object of which is to stir 
the mixture in the tank after the acid has acted for 
a certain time. When notin use, this agitator is 
raised 6 in. The gas is prevented from escaping by 
the hydraulic packing. The charge for three tons 
of ore consists of 20 lb. to 24 lb, of salt, 15 lb. to 
20 lb. of binoxide of manganese, at 70 per cent., 


and 30 lb, of sulphuric acid at 66 B., and 18 lb. of 


water. When necessary, the acid is carried to 45 Ib. 
and the water to 23 lb. The water is notintroduced 
until the gas is wanted. The cover is removed to 
put in the solids and water. The acid is introduced 
through the syphonand half a pound of wateris added 
to eve paind af acid. This charge will be 34 in. 
to 4in. in depth. The acid is addedin pitchers of about 
half a gallon ata time. Such a c will gene. 
ox | run ten hours. When ready to work, india- 
rubber tubing is placed upon the exit pipe in the 
cover, which is 3 in. calibre, and is attached to the 
entry tube of the wash-bottle, Fig. 4, to the exit 
tube from which another hose is attached which 
connects it with the leaching vat. The sulphuric 
acid is then introduced through the funnel, which is 
f-in. calibre, in small quantities at a time. It is 
absolutely necessary that the chlorine gas should 








be washed to free it from hydrochloric acid, since 
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if any sulphides were present they’ would be 
attacked, and the sulphuretted hydrogen would 
precipitate the gold in the impregnation vat. One 
stick of wood 6 in. to 7 in, in diameter, 4 ft, long, 
is sufficient to generate all the heat required to make 
the gas. 

The generator is generally placed in the centre 
of the row of vats so as to be as near as possible to 
them all. In the arrangement as designed in Figs. 
5 and 6, it is placed directly beneath the leaching 
vat. There may be one or more of them according 
to circumstances, 


8. LEACHING THE [IMPREGNATED ORE. 


When the ore has remained a sufficiently long 
time in the vat, the cover is removed and water 
gradually introduced until its whole surface is 
covered, If when the cover is lifted there is a 
strong odour of gas the chlorite has probably at- 
tacked the ore thoroughly. When all the gas which 
is not absorbed by the water has escaped, which is 
generally from thirty to fifty minutes, the india- 
rubber tube is attached to the exit pipe below the 
false bottom and the stop-cock opened. The yellow 
solution having a strong odour of chlorine runs 
through a canvas filter into a vat 18 in, in diameter 
and 2 ft. deep. Into this barrel 2in. from the 
bottom a conical wooden tube is placed so that the 
rubber hose, lin, inside diameter, can be slip 
over the small end. The object of the canvas 
is to catch any ore or sand escaping from the tanks, 
Through this tube the solution is carried to the pre- 
cipitating tanks, j 

some works as at the Lincoln Mine no filter is 
used, the solution is run into tanks 5 ft. in diameter 
to be settled, and is drawn off from here to be preci- 
pitated, The use of the filter facilitates the operation, 
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The following analysis of the gold solution taken 
from a charge of 3 tons of ore yielding 163 dols. to 
the ton is given by Mr. Deetken, The sample was 
taken one minute after the opening of the cock, and 
allowed to settle 24 hours: ‘ 
grains. 


Sulphate of alamina... o 6.98 
99 esia vee §=182.55 
oe — ae . 4.16 
pe soda... io 426.62 
Chloride of gold . 10.44 
” iron eee = ee oan 
= co es ooo a \ 
~ colin eee eve . 536.00 
Silica ... pol eee ose ose 0.24 
Free chlorine, by difference . 101.02 





Total .. eve --. 1227.28 

When the ore contains lead the soluble chloride 
is transformed into sulphate by the sulphates present, 
and gives the gold solution a milky appearance, but 
the ter part of this is left on the canvas filter, 
which must be frequently cleaned. The washing 
lasts four to six hours, and is continued until the 
last waters show no trace of gold. The ore is then 
allowed to drain. Sometimes all the waters from 
the last part of the washing and from draining, 
which are poor, are kept separate to be used on the 
next vat of ore. An assay of the ore in the vat is 
now made. If it is still rich, which is very rare, it 
must be treated again. In some works, when it 
assays 15 dols. or over, the men are forced to do 
this at their own expense. If the assay shows that 
the ore has been properly treated it is shovelled out 
into a car and carried to the dump heap. This is 
somewhat laborious, but is rendered less so when the 
vat is suspended, as it can be turned a little, and 
the ore as it is shovelled out then falls down a slide 
into the car. It requires some care to remove the 
ore from the top of the filter so as not to injure the 
latter. 

The vat is now ready for the next charge. 
day one vat is charged with ges, the second re- 
mains in gas, and the third is filtered and emptied, 
When there are three impregnation vats each one 
is filled every fourth day. Filtering and emptying 
is done every third day. When there are six two 
are treated at a time. 


4. PRECIPITATION AND FUSION OF THE GOLD. 

The precipitating tanks are 5} ft. to 6 ft, in 
diameter at the top, and 6 ft. 6 in, on the bottom, and 
2 ft. to 3ft. high. They have no false bottom, and 
sometimes are made perfectly cylindrical. ‘They 
are not coated at all, inside or out, and are set 
entirely level to avoid loss of gold when decanting 
the waste liquor. They are made smooth on the 
inside to facilitate cleaning. The precipitating 
solution is generally introduced first, but care must 
be taken not to introduce too much of it, It is 
better to add a little afterwards rather than put in 
too much at the commencement. The gold solution 
is run into the tanks in such a way as to give it a ro- 
tary motion. This facilitates the mixture with the 
sulphate solution, which is already in the tank, 
Pos | causes the precipitated gold to collect. Two 
vats are all that are required. In some works the 
sulphate of iron is not introduced until the gold 
solution is allin the vat. The precipitating material 
employed is proto-sulphate of iron, which is prepared 
at the works, and is generally very acid. It is made 
by pouring one gallon of carboy sulphuric acid into 
a tub 4 ft. in diameter 2 ft. 6 in. high, filled with 
scrap iron covered with water, One gallon of acid 
makes a tubful of solution of the requisite strength. 

This solution is syphoned off into a vat 2 ft. 6 in. 
in diameter and 8 ft. high, and is drawn from thence 
to be used in the precipitating tanks. The gold in the 

recipitating tanks is generally allowed to settle for 
I to 16 hours, or, at least, over night. Sometimes 
it is necessary to allow it to remain 24 to 36 hours, 
for the gold is often so exceedingly fine that a 
slight purple colour will easily be distinguished for 
along time. So long as it can be seen, there is gold 
in suspension. The time usually depends on the 
heat of the weather, taking much longer in winter 
than in summer. 

When the clear supernatant liquor shows no gold 
on testing, the upper liquid is removed with a syphon 
or by tapping the tank at different levels, until as 
little liquid as possibleis left with the precipitate. 
This is then .dip out into a clean porcelain or 
enamelled dish, the final residium being washed out 
with a hose from the bottom stop-cock of the vat, 
and the bottom and sides of the vat thoroughly 
washed’ with the least quantity of water, The 


Every 


It is first red and changes afterwards to a brown 
goldcolour, The precipitate is squeezed into a cloth 
to dry it. When it is moderately pure is will fall, 
but when filled with impurities it will not. Next it 
is dried and melted in cast-iron retorts with salt or 
borax and nitre. The gold is generally 800 to 900 
fine, sometimes 960 fine, the impurities consisting 
for the most part of iron and lead. From 175 dols. 
to og dols., and sometimes more, is taken from a 
tank. 

All the work of leaching, impregnation, precipi- 
tation, and fusion is done in the daytime. Only 
the roasting is done at night. 

At Sutter Creek it takes eight men for the whole 
work in 24 hours—one chlorinator, one helper, five 
men at the furnace, and one who wheels the ore. 
At the Lincoln Mine there are seven men and the 
superintendent for 24hours. Five of these men are 
employed at the furnace, The amount of labour 
required varies in each works. 

The expenses as given by Kustel for ‘1867 are 
given below. ‘These have materially decreased 
since then, as is shown by the Table prepared by 
Mr. Deetken. 


Dols. 

Superintendent... a 6.00 

Four roasters at 3.50 dols. eee 14.00 

Three cords of wood at 4 dols. 12.00 
30 Ib. of manganese at 6 cents ... ove 1.87} 

40 Ib. of salt at 0} cent. ... ‘sd 0.30 
70 lb. of sulpliuric acid at 2} cents 1.874 

One man at the vats two days ... 7.00 

Sulphate of iron .., tes di 0.60 

Total for three tons 43.65 

Or, per ton ... «e “ ns aad 14.55 

The following Table prepared by Mr. Deetken 


gives the total expense of treating three tons, and the 
expense per ton in Grass Valley in 1872 in one of 
the works which is now abandoned. It is much 
more reliable and detailed than the preceding one. 
It is easy to see how with greater facilities for trans- 
portation, which they now have, these expenses 
may be still further reduced. 





Expense per 
3 Tons, 

Expense per 
Ton. 





Expense of Roasting. 
Two shifts on upper furnace at 
1.50 dols per day, Chinese labour 
Two shifts on lower furnace, at 
2.75 dols. per day, white labour... 
One and two-tenths cords of cedar 
wood at 4 dols. per cord ... 
Salt, 50 lb., at 8 dols. per ton i 
Freight on salt at 12 dols. per ton 

Wear and tear on working scrape 

in furnace ... 


rv 
2. 
e 
a 
© 
oS 


a 


4.87 


Sooo a 
$8283 3 8 


” ” eee 


Chemicals at San Francisco. 
Salt, 20 Ib., at 8dols. perton 
Manganese, 15 Ib., at 60 dols. per 

ton ... dink “on odd a 
Oil of vitriol (66 deg.) 35 Ib., at 4 
cents per pound ... * 


- 2 2 
S$ & & 
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Expense of Impregnation. | 
Freight on salt and manganese, 
35 lb. at 12dols. perton..  ...| 0.21 
Freight on acid, 40 lb., 3dols. per| 
carboy of 165 lb. ... ose | 0.64 
Freight on chemicals to works 0.85 
Expense of carboy, per 40 lb. of 
acid, carboy returned ... ¥ 
Labour at vats 2.50 dols. per day ... 
Flour ... mas om sie én 
Wear and tear on buckets and hose 


Precipitation and Melting of Gold. 
Acid for precipitating liquor, 16 lb. 
Freight and expense of carboy 
Old wrought iron ... 

Charcoal, crucibles, and 


Management ... ong pam ini 
Interest on cost of works, 3000 dols. 
at 1 per cent. ose eee ond 
Payment towards the sinking fund 
Fire insurance obs has 


a 
& 


1.95 
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Fall cost 33.24 /1 














It will thus be seen the expenses of roasting are 
by far the greatest expense in the treatment of the 
ore, they being more twice that of the chlorina- 
tion. When asteady supply of ore can be had the cost 
of treatment need never exceed 11.10 dols. per ton. 
By adopting the use of Bruckner’s cylinders or some 
other mechanical furnace for the finishing roast, it 





precipitate obtained is treated with a mixture of 
sulphuric acid and salt to free it from iron salts. 


saved. The margin of profit seems to be sufficiently 

large, for at the Lincoln Mine they told me that their 

usual charge for custom ores was 25 dols. per ton. 

The difficulty seems to be the frequent enforced 

idleness of the works from want of ore. ’ 

The reason why this process has not been more 
generally introduced is its inapplicability to all low 
grade ores, and especially to those which have a 
soluble gangue, and the scarcity of ores even in the 
districts best suited for its application, three out of 
four works having stopped at the time of my visit 
for want of ore, though the total amount of ore 
required does not generally exceed more than 
three or four tons of ore for each works. 

There is a loss by this process, especially of the 
coarser particles of gold, which have not had time 
to become attacked. It has therefore been proposed 
to treat the residues from the tanks in sluices over 
quicksilver ripples. A considerable quantity of 
gold might thus be saved, as the gold is bright and 
would amalgamate easily ; but Ido not know that 
this has ever been tried. The general loss in the 
whole process is less than five percent. By using 
— it could probably be reduced to much less. 

n selecting a site for chlorination works, the 
fall of ground, supply of water, and the direction 
of the prevailing wind must be taken into account. 
Ground must be selected which has a considerable 
fall so that the ore or tailings may arrive at the top of 
thefurnaces. This fall should allow, at least, of the 
use of an inclined reverberatory, and if possible of a 
terraced furnace, but in case a mechanical furnace 
was used for roasting this would not be necessary. 
From the bottom of the furnace there should still 
be a sufficient incline to allow the liquids to flow into 
the vats where they are to be used, without pump- 
ing. ‘The supply of clear water should be at least 
40 to 50 gallons per hour, and there should be 
several days’ supply on handif possible. The gases 
given off from the furnaces and vats are destructive 
to vegetation and machinery, and are very injurious 
to health. The works, therefore, must be situated so 
that the prevailing winds will not carry them in the 
direction of any mines, mills, or dwellings. Only 
one of the four works which I visited is situated 
near a habitation, and this was a very unimportant 
one, having only a single impregnation vat. The 
works are generally arranged in a long rectangle, 
one side of which is occupied by the roasting fur- - 
naces. The impregnation vats are in a straight line, 
with the chlorine generators in the middle, The 
precipitating vats are at one end of this line, so that 
the furnaces occupy one side of the works, and the 
vats the other. 

In the engravings Figs. 5 and 6, the roasting fur- 

nace is placed at L, the leaching vats at A, and 

preciptiating tubs at D. The waste tub is at E, 

where the water is filtered through sawdust before 

being finally discharged. 
Description of the Engravings. 

A. Wooden tank, made of the best sugar pine, 2 in. thick, 
coated on the inside with tar. 

a. ame | to lift off the cover of the vat A by the pulley in 

the roof o. 

a’. Slide to discharge the ore into the car D!. 
a". False bottom of the impregnation vats perforated 
with holes } in. in diameter. 
B. Precipitating tank 5 ft. by 3ft. and 3ft. high, made 
of 1} in. plank and lined with sheet lead. 

B'. Inlet pipe for the chlorine into the wash bottle. 

B"., Exit pipe for the chlorine in wash bottle. 

b. Hook to hold the impregnation tank in place. 

C. Wash bottle of glass. The box d is of wood lined 
with lead. The water stands jin. high, 4 in. above 
the inlet pipe. 

C". Agitator for the chlorine generator. 

D. Gas generator. 
D'. Ore wagon 2 ft. by 2 ft. 6in., and 5 ft. long. 
d. Water box for the wash bottle. 
d'. Sieve for the ore. 
E. Waste tub. 
F. Furnace for melting the gold. 
G. Lead hand pump to raise the second washings into the 
vat A, to be used in leaching fresh ore. 
g. Exit pipe for the chlorine in the generator. 
g'. Syphon for the introduction of acid into the generator. 
h. Tap holes in the precipitating vats. 
I. Bruckner’s roasting furnace. 
J. Cub for the roasted ore. 

. Lead stop-cock to the dis tank. 

K"'. Pipe leading to the precipitating tank B. stich 

1, Gutter to discharge the waste liquor into E which is 
_ with sawdust, and has a perforated false 
im. 

M. Brick cooling floor, 34 ft. by 6} ft. 

m. Sand bath for the chlorine generator. 

N. Wooden floor, 34 ft. by 6 ft. 

Arch of fireplace for the generator. 

Water joint for the agitator handle. 

Fireplace for the generator. 





is probable that a considerable expense might be 


q- 
- 
U. Rings to raise the cover of the gas generator. 
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THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. VIII. 
Tue difference of construction between a baro- 
meter and an aneroid is analogous to that between 
a balance for weighing and a spring used for the same 
purpose. The barometer, like the lever balance, main- 
tains its accuracy for a long time unimpaired, ‘The 
aneroid, like the spring balance, deteriorates more 
or less quickly from the loss of elasticity in the spring. 
The barometer is virtually a balance, having as it 
were a column of the atmosphere in one scale pan, 
and a column of mercury in the other, the mercury 
being free to adjust itself to the variable pressure 
of the atmospheric column, so as to preserve equili- 
brium. The aneroid weighs the atmosphere on the 
ange ar of the spring balance. It is a well-known 
act that the elasticity of a metallic lamina changes 
slowly after the rolling, hammering, twisting, turn- 
ing, and rubbing it undergoes in the process of manu- 
facture into a spring. In chronometer eeprings this 
alteration of elastic force is a pernicious evil, markedly 
perceptible in its effect upon the performance of the 
timepiece for a year or more after its construction. So 
likewise the vase and distending spring of the aneroid 
lose elasticity for a_ considerable time after the instru- 
ment is finished. This causes the aneroid to indicate 
higher compared with a barometer, as it acquires 
age. It is soon noticeable in new instruments, and 
probably never ceases entirely. Such is the magni- 
tude of this effect that aneroids have been found to in- 
dicate an inch or more above the barometer after the 
lapse of two or three years, Hence no precise reliance 
can be placed on the indications of aneroids for any 
length of time. Wereit not for this want of per- 
manency of the elasticity of metallic springs, a 
spring balance such as the aneroid might be con- 
trived for the purpose of ascertaining the variations 

of gravity with latitude and elevation. 

The indications of the barometer are obtainable 
simply by measuring the height of the mercurial 
columns, but there is no independent mode of 
ascertaining the value of the aneroid’s movements, 
The aneroid is merely an exponent of the variations 
of a barometer column, and not even a very perfect 
one. Those who use an aneroid, however good it 
may be, should well understand that they witness 
in it the indications of a barometer made through a 
medium liable to loss of elastic force, of which the 
duration and value cannot be defined or predicated. 
To render this matter a little more clear, it may be 
confidently asserted that any number of barometers 
may be made with proper care, and several years 
after if compared with a standard they shall differ 
only in the third decimal of an inch; while nothing 
to the like purport can be asserted of any number of 
aneroids, 

Although the aneroid fails as an instrument of 

recision per se, yet if corrected from time to time 
a comparison with a standard barometer, it is a 
valuable instrument from its sensitiveness and 
extreme portability. It is quick in its action, under 
the air pump it settles promptly to the pressure, 
though not so accurately as a mercurial barometer. 
Where great accuracy is not required, at sea 
especially, it is exceedingly serviceable as a weather- 
glass, and one should always mo yard abarometer, 
if merely as a substitute when the latter is broken, 
as it is so liable to become on shipboard. Besides 
it can be consulted more readily than a barometer, 
and this at times is of importance. Indeed, it is a 
great boon to mariners, for it can be placed any- 
where, so that it be out of harm’s way, and easily 
accessible, and is not affected by the ship’s motion, 
whereas marine barometers may ‘‘ pump” or be too 
sluggish. For small ships and boats it entirely 
takes the place of the barometer as a weather-glass. 
Occupying very little space, it can be fastened 
against a bulkhead, where it can always be got at, 
and not be in danger of a blow. An officer of the 
watch, a chief boatman, or a pilot might carry a 
pocket aneroid, and always have at hand a weather. 
glass. By its indications small craft, such as coasters 
and fishing boats, might be brought into harbour or 
detained from putting to sea before the advent of 
storms or dangerous winds. Better adapted than 
the barometer to withstand the concussion from 
gun-firing, the aneroid has become very serviceable 
on board ships of war. 

The makers commonly put the same lettering 
upon the dials of aneroids as they have for a long 
time been aceustomed to put on the scales of 


common barometers, namely : 
Vv . 
Setiled fair. 


At 31 inches ... 


” ~ 





At 30 inches Fair. 
SS — 
28.5 Mueh. rain. 


99. ~ 900 soon Stormy. 
But sometimes the lettering is abbreviated as 
follows : 

At 30.5 inches 


on 
EE RE es 

These implied rules are of limited value as guides 
to weather, because the mere pressure of the air on 
a particular day does not exhibit a sufficiently 
general relation to such weather conditions as to 
warrant their association in such a manner, The 
increasing and decreasing of pressure are better in- 
dications of proximate weather changes, If, having 
lately stood at ‘‘ change,” the pointer rises to ‘‘fair,” 
the wind or weather will become more favourable ; 
and if it rises from ‘‘ much rain” up to “ change,” it 
presages fair weather, though not so surely as when 
it commences to rise from a higher point. The 
changes of pressure are greater in frequency and 
extent in winter than in summer, so that this scale- 
lettering cannot exactly suit all seasons. Neither 
can it suit all stations, for when the pointer is at 
‘‘ fair” at the sea-level it would mark ‘‘ change” at 
a station 500 ft. above the sea; and as to geo- 
graphical position it is equally faulty, the normal 
pressure being different for different regions as well 
as for different seasons in the same region. This 
scale-lettering is only adapted to the action of the 
barometer at or near the sea level in the temperate 
zones, but even with this limitation it does not 
apply with the precision it seems to assert. The 
changes of wind and weather over a given country 
should be considered with relation to their average 
conditions there; and the barometer or aneroid, 
used as a weather-glass, should be consulted with 
reference to the normal atmospheric pressure there. 
Sir James Ross in his ‘‘ Narrative of a Voyage to 
the Southern Seas,” says, ‘‘In high southern latitudes 
the barometer at 29 in. we learnt to consider to in- 
dicate fine weather, —— in England such a de- 
pression would be regarded very differently ;” and 
Captain Maury has said, ‘‘ The seaman observes his 
barometer and finds it at 29.3in.; now if he be in 
56 N. he may look out for squalls, but if he be 
in 56 deg. S. it is only the mean height of the baro- 
meter, or what 29.9 in. would be in 56 deg. N.” 
Such considerations afford very sufficient reason for 
keeping the aneroid adjusted to the mercurial baro- 
meter, as it is not enough to know whether the 
barometer is rising or falling, the movement must 
be estimated from the normal height. From all 
the objections to the old scale-lettering, the follow- 
ing proposed by Admiral Fitzroy is free, and has 
come much into use: 


Risz Faun 
for for 
, or , or 
Less More 
Wind. Wind. 
Except Wet Except Wet 
from Cold side. from Cold side. 


The exceptions here are rather puzzling ; they may 
be explained in this way: Though the barometer as 
a general rule rises with the cold winds, yet if these 
bring much rain, the column may fall on account of 
the + condensation of vapour, and, on the con- 
trary, —— the barometer usually falls for wet 
or rainy weather, still if the wet is not excessive 
and comes with the cold wind, the glass may rise 
owing to the density of the cold air. 

In the Horological Journal for J: perv” i 1869, the 
writer showed by an investigation into the log of the 
barque Thyra, kept by Captain H. Johannsen, durin 
a voyage from London to Archangel and back, that 
‘‘ If the direction of the winds and the movements 
of the aneroid be studied in connexion with the 
course of the ship, it will be found that with the 
wind on the left or port side of the ship the atmo- 
spheric pressure decreased generally, while with 
the vied on the right or oreo side, the ship 

adually sailed into higher atmospheric pressure. 

his appears to hold good seventy-five cases out of 
a anioed, according to a rough calculation which 


has been made. It would thus ap that the baro- 
meter falls while a ship is on the port tack and 
rises while it is on the star tack much 


more regularly than might be supposed, and there- 
fore the phenomenon merits the attention of seamen. 
And this is what might be anticipated from theore- 
tical considerations. For it is nature’s law, in the 
northern hemisphere, that the atmospheric pressure 


is greater on the right side of the course of an air 
current than on its left. Sup then a ship sail. 
ing N.E, and the wind W.; the low pressure is to 
the northward, and as the ship is going in this 
direction her barometer falls. It would be well 
worth while for navigators to consider the baro- 
metric oscillations in this way, paying particular 
attention to the exceptional cases which doubtless 
are not without significance. When going nearly 
with the wind, the change in the barometer will be 
small, and may be either for or against the rule if 
rigidly interpreted. . . . These rules may eventually 
be reduced to a suitable formula for placing on 
marine barometer scales. Of course there must be 
an inverse rule for the southern hemisphere,” 

This particular subject was considered in the 
‘¢Barometer Manual,” published in 1871, and for 
the first time, notwithstanding the numerous pre- 
vious editions, by which, and its subsequent further 
transmogrifications, it has proved itself anythin 
but a gospel of weather-wisdom, although issu 
by authority of the Board of Trade, and sold by 

er Majesty's Stationery Office at the mere cost of 

rinting and paper. In a chapter on the use of the 
arometer to seamen, the following passages occur : 
‘* In the northern hemisphere with all winds, except 
when near the equator, the starboard tack takes a 
oad towards a higher barometer, whilst the port 
takes her towards a lower one, and this order is 
reversed in the southern hemisphere, 

“Tt is not to be unders that the barometer 
will always rise on the starboard or fall on the port 
tack. In the former case the high pressure towards 
which the ship is going ¥ be receding from her 
faster than she sails, and the lower may be coming 
up astern; while in the latter the lower pressure 
towards which the ship is sailing may be moving 
away faster than she sails... . . In all cases a 
rising barometer on the port tack is a valuable 
indication of improving weather, while on the star- 
board tack a falling barometer is a great warning.” 
These rules may be briefly expressed in a form 
— for lettering on the marine barometer, as 
OLLOWS : 


On On 
Starboard Starboard 
tack, tack, 
Fats : RiszEs : 
except except 
hae... iP for _ 
improving threatening 
weather. weather. 


It is not our intention to write a weather guide, 
but merely to illustrate the uses to which the aneroid 
may be put, so we now leave this part of the 
subject. 


THE PENNSYLVANIA RAILROAD, 
No, XXXIII.—Locomotives—(continued). 
Borers. 

Fias. 45 to 51 of the two-page engraving which 
we give this week, show clearly the construction of 
the locomotives of the ‘‘I” class, the last new type, 
and anienes on heavy freight service. The dia- 
meter of the barrel is 544 in., and the thickness of the 
plates } in. The total length of barrel is 19lin, The 
top of the firebox is 94 in. below the top of the boiler. 

e firebox casing a sloping crown, and fs 
8 ft. 9§ in. long from front to back. The firebox itself 
is 8 ft. long, 37}in, wide at the tube-plate end, and 
284 in. at the back end. The mode of staying the fire. 
box crown - a > the drawings. A jr ap ag 
grate is employed, and excepting as en, 
is similar to that described Farther on for the eC. 
engines. The form of the firebox is indicated in 
Fig. 49, where it will be seen that the sides — 
from being straight, and curve ually towards the 
tube-plate as the width of the firebox increases. To 
the underside of the firebox are rivetted three T-iron 
stays (Figs, 46, 47, and 48), which are bolted to the 
transverse frames. Fig. 45 is a plan of the bottom 
of firebox. The number of tubes in this boiler 
is 138, their outside diameter 24 in., and their length 
between tube-plates 153}; in. All the plates of the 
boiler shell and firebox are of steel, similar to that 
employed for the “‘C” engines. Particulars of heat- 
ing surface, &c., have been already given in the 
Table published on page 66 ante. 

The details of the boiler for the Class ‘‘ C” engine 
are shown in Figs. 52 to 58 of our two-page en- 
graving. The material used for the boiler and 

ebox is steel, the ultimate standard test of which 
for tensile strength is 31 tons square inch, a 
slight excess or diminution in this strength causing 








a rejection of the plate, A test strip is cut 
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STEAM BOILER. 


iption, see Page 127.) 
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i centre of door is 47 in. The total of boiler 
from end to end is 20 ft, 34in. The tubes forming 


DAVIES’ SECTIONAL STEAM BOILER. 
CONSTRUCTED AT THE CRUMLIN VIADUCT WORKS, NEAR NEWPORT, MON. 
(For Description, see Page 127.) 


Fig. 3 
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off by the maker from each plate, which is 
marked in such a position that a part of the mark 
remains on the plate and a part on the strip. Be- 
sides the test for tensile strength, the strip is also 
bent double while cold, untempered, and afterwards 
tempered. The barrel of the boiler is composed of 
3,-in. plates, and is 493 in. in diameter at the smaller 
end, increased to 50# in. at the tapering plate connect- 


the diameter from below by 1}in. The length of 
the firebox shell is 82 in., and the width 42} in. ; all 
the plates are j in. thick. The top plate is flanged 
out as shown to receive the steam dome, 30 in, in 
diameter, the bottom of which is flanged to corre- 
spond, and rests outside the flange in the top plate. 

he dome is of ;%-in. plate, with a cast-iron top 
9% in. deep. The hole for the firebox door is 


Smoke Stack for Freight Engine 


ing it with the firebox shell. The smokebox plates, 
in. thick, form a continuation of the barrel of the 
iler 334 in. long. The smokebox tube-plate of steel 

is } in. thick, flanged round 2% in. deep, and rivetted 
to the barrel 2} in. from the edge of the last plate. 
The length of the parallel part of the boiler from 
centre to centre of end rows of rivets is 8 ft. 7} in. 
The tapering plate, jin. thick and 363 in. long, raises 
the firebox shell § in. above the barrel, and increases 
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flanged partly in the shell and partly in the firebox 
plates, the flange of the latter passing within that 
of the former, as shown. 

The firebox is 72§ in. long inside, and 35 in. wide, 
and is formed of plates yin. thick, except the side 
sheets, which are } in. thick. The water space, front 
and back, is 4in. wide, and at the sides 3in. The 
thickness of the tube-plate is $ in., the crown 
plate is Yin. ‘The height from bottom of firebox to 











the water grate are 2in. in diameter, and are 
3.05 in, apart from centre to centre ; there are eight 
of these in the width of the firebox, besides one 
central dummy bar in the middle. These tubes are 
inclined, being 7} in. above the bottom of the firebox 
at the back, and 3? in. in the front. Another set of 
tubes traverse the firebox, these are shown in Fig. 
52, and in more detail in Figs. 54 and 55, these latter 
views, however, showing a slightly different firebox. 
These tubes are 2 in. in eter, and enter the front 
of the firebox 27}in, from the bottom, and g 
upwards come out through the crown sheet 16} in. 
from the back plate, There are four of these tubes in 
the width of the firebox, placed 4 in. and 11} in, — 
from centre to centre. y are attached to the fire- 
box sheets by screwed ferrules, asshown. On top of 
them are placed a number of firebrick slabs 3 in. thick, 
and arranged as shown, extending to within 3 in. of 
the tube plate, and 12} in, of the crown plate. The 
firebox roof stays are shown in Figs. 62 and 53, and 
in detail in Figs. 56, 57, and 58, They are spaced 
about 44 in. apart, and consist each of two bars 1 in. 
apart, } in. thick, and 4 in. deep, recessed slightly on 
the underside at the ends to receive the upper 
edge of the side plates of the firebox. The stay 
bolts are fin. in pve eter with round heads below 
of the form shown, so that tag fhe against the 
crown plate only at the edges. tween the top of 
the crown plate and the underside of the stay bar is 
in,, and this space is occupied either by a brass 
istance piece at each bolt, as shown in the details, 
or by a washer, as in the general view. Simi 
washers are employed at the top of the bars. The 
oval portion of the boiler barrel is stayed with three 
bar stays 2 in. by § in., the first one 24 in. from 
the firebox tube sheet, and the other two 6in. apart 
from centre to centre. They are rivetied to the 
sides of the boiler through the sole plates at the end 
of each stay, as shown. Between each pair of roof 
—- a tie-rod jin. in diameter across the 
boiler and is screwed into and rivetted to the shell, 
and every alternate roof stay is attached to the 
boiler by two braces, each consisting of a short link 
passing between each pair of roof stays, and pinned 
to the latter at the lower end, while the upper is 
connected to a pair of braces 24in. by #in. bolted to 
a double angle iron bracket rivetted to the boiler 
shell. Where the steam dome comes these braces 
are replaced by a single rod J}in. in diameter, 
forked at the lower end. to receive the link, and 
rivetted to the dome at the top by means of a palm, 











1287s in. 


There are 155 tubes in the boiler, 
total length, and 2} in. in diameter outside, giving a 
total tube heating surface of 941.87 square feet. Be- 


fore being put in place, that end of the tubes which 
enters the whol tubeplate is swaged down for a 
short distance and a copper ferrule brazed on, the 
other end after being cut off to the right length is 
annealed and slightly enlarged. The holes in tube- 
plates are drilled 7s in. larger than the tubes. With 















































































124 ENGINEERING. [Aue. 17, 1877, 
thin arrangement the tubes are set much more easily 4 = 00008645 + .0000068784 t+ .0000000083461 ¢? R seems to a a —_ ai — on the 
Figs. 59 to 62 on the preceding page show the} 2 _ 99099349-+ 00000671931 t-+.00000000065514 ¢? REE Re RE Peleeeination of 7 woe 
aac bor ahay pg dale by eis: e nd abe phony Introducing into the equation ce depend on very difficult experiments. 


Smith stack, and consists of a cast-iron base and 
with a sheet-iron chimney 20 in. in diameter. 
chimney terminates at base of the cap, 
the top of which is 18} in. in diameter, and 
has rivetted to it the inner cylinder so that an 
annular space is left as shown. Placed within this 
inner cylinder and extending about half way up it, 
is an inverted cone 18 in, in diameter at the upper 
end, and 7} in, at the lower, the total length bein 
70 in. This cone is perforated from end to en 
with oval holes } in, long, and } in. wide, as indicated. 
The lower end is seated upon a coned cast-iron box, 
to which it is bolted, and it is surrounded nearly for 
the whole height of the smokebox with a sheet- 
iron casing 15 in. in diameter, terminating in a coned 
envelope 14in. deep. The relative positions of the 
steam pipes and exhaust are shown in this figure. 
Fig. 60 shows a stack for freight engines, while 
Fig. 61 is a section of the stan stack for engines 
of the class “I.” The shaft consists only of one sheet 
of wrought-iron, No. 10 B. W, G., extending from 
the cast-iron base to some distance within the 
cone at the top, This latter is 60in. in its 
greatest diameter, reduced to 20 in. where it is 
rivetted to the shaft, and to 40 in. at the top, where 
it is strengthened by an internal ring, and by a half- 
round iron around the top edge. e height of this 
of the stack from where it joins the shaft to 
its maximum diameter is 23} in., and thence to the 
top 22 in. Carried by three bolts attached to the 
top of the shaft is a cast-iron deflecting plate of the 
form shown, and 20 in, above the top of the shaft; 
the depth of this plate is 83 in., and its diameter is 
22 in. above it, and extending over the whole of the 
largest part of the stack is a domed k-arrester, 
consisting of wire netting with three meshes to the 
inch, and made of steel wire No. 12, W.G. Fig. 
62 shows the stack for engines of the “‘C” class 
burning anthracite, 





HIRN’S THERMODYNAMICS.—No. VIL. 
On THe EXTENSION oF THE Law “ To Liquips, 

WE have seen that owing to the non-homogeneity 

of R, the law * = @ is only approximate for gases 


and vapours, but that it is more approximate even 
in its present state than that of Mariotte and Gay 
Lussac, even in the case of saturated vapour. 
The theorem nn 

P = (Vo- aw 
does not catigltte Neuide and has! al we shall 
have to consider the simple law : 

- Ve-1 T (9 

P+R=(P +Be) PoE. (2) 

Since R is not homogeneous in vapours, it must 
be less so in liquids, and the law must be less correct. 
But although the results may be far from absolute 
they are very important with reference to the law 


t) 


I. General Method of determining the Pressure R in 
Liquids. 

n gases and vapours R is not so small that we 
need not consider it, in liquids this quantity is very 
large. 

If in the equation Q=K/¢+AF+AH, we sup- 
the pressure P constant, and greater than the 
tension of the liquid and its saturated vapour, then : 
dQ=K dt+A (P+R) du, 
and since d y=d w by hypothesis, then 
q€Q_x)\,¢¥— _K), ¢”— 
E(S K) : S¥=P+R or E (0 K):SV=P+R. 
The elementary coefficient of dilatation and the 
law of variation of the common heat capacity being 
known, we know immediately the value of (P+R). 
and consequently R at each desirvd temperature. 
To apply this equation. According to M. Reg- 
nault for water between 0 deg. and 230 deg. 


A= 1 + 00004 + .0000008 # 


And the differential of the values of w (with re- 

to the temperature) obtained by M. Kopp and 

. Hirn, the former between 50 deg. and 75 deg., 

and 75 deg. and 100 deg., and of the latter between 
100 deg. and 200 deg. are, 





c—-K”=P+R 
dt 
the values of ¢ and - obtained by the preceding 
empirical formula, we obtain at 
deg. 


atm. 
50 va ont eee ie «. P+R=57,485 
60 — me ove eee ete =47,896 
Bt eee od an =32,660 
.—l Vv aa =23,078 


These numbers, gem only approximate, 
correspond to physical realities, and demonstrate 
the colossal value of a force hitherto considered ni/ 
or inconsiderable, It shows at the same time the 
rapidity with which the intensity of this force 
diminishes, as w or (w—-/) increases, that is as the 
centres of gravity of the molecules move further 
a 


lation : 

Sulphuret Bichloride 

of Carbon. of Carbon. Alcohol. Ether. 
deg. atm. atm. atm. atm. 
50 5937 6155 6952 2307 
100 5185 5295 6091 2943 
150 4021 4185 6091 2073 
203 2910 3341 5343 1861 


These numbers, although less than those for water, 
are still considerable. The uncertainty with re- 


ference to a and 7 also extends to the values de- 


rived from them. Hence the values of P+R are 
only approximate, even if R were homogeneous, 
which it is not in liquids. 

Next to determine the atomic volume ~. 

The consideration of this quantity has been dis- 
pensed with in considering gases and vapours, and 
the error in placing 
V—-—\=V—w=u or even V=v 
is lost in the inevitable errors due to a want of 
exactness in the experimental elements with which 
we are concerned, and of those which arise from 
the non-homogeneity of R. We cannot p 
thus with regard to liquids. Here .~L becomes on 
the contrary very great with reference to the 
specific volume w, and consequently with reference 
to the interatomic volume v=w—.), which con- 
stitutes the only variable of the body. 

In order to obtain the result more quickly 
assume the equation already given is the natural 
and universal law which governs the relations of w, 
T and (P+-R), and then test its validity by applica- 
tion. 

Suppose two values of P+R, and the corre- 
sponding specific volumes to be known. Then 


PitR, _ wb Tr 
Pot+R, wi- To 
whence putting Z,=P,+R, and Z,=P,+Re 
ya T, W;—Zo T, Wo 
Z To—2o 7; 
If this equation gives .) constant for different 
values of the variables, we can conclude that R is 


homogeneous, that the law (2) is correct. If ~ 


varies the extent of the variations will 
judging both of the homogeneity of 


character of (2). 


To apply the calculation to water, the formula of 
of M. Kopp and the author are followed. 

From these at 50 deg. and at 60 deg. we have at 
dw 


dt 
60 deg. w=0.001016718 me., or=0 0000005209 
50 deg. c— K= 0.60425 P+R=57485 atm. 
60 deg. c—K=0.60564 P+ R=47896 atm. 
With these values the general equation gives 
~v=0.0009919 me. or 0.9919 lit. 
If we calculate the above values for 100 and 110 deg. 
we shall have 


v= 
90156 x 1.05119481 x 372.15 — 82660 x 1.043150 x 382.85 
30156 x 372.85—32660 = 382.85 
=0.9714 lit 








rmit of our 
and of the 


=0.000000432341 





50 deg. w=0.001011954 me., 





This number is different from the one previously ob- 
tained, but the author remarks that if we have reason 
to be surprised, it is at the small amount of the 


t. 
applying to the following the same mode of calcu- 


The existence of an invariable atomic volume, and 
the magnitude of this volume in reference to that of 
the liquid taken at zero evidently follows from these 
numbers. 

By employing the results obtained by M. Hirn: 

676443 for sulphuret of carbon, 
~) =0.53765 for bichloride of carbon. 

Whence the value at 100 deg. of sulphuret of 
carbon is calculated as w=0.8687 lit., whilst direct 
experiment gave 0.8806 lit., and that of bichloride 
of carbon 0.690282 lit. calculated as against 0.6969 
found by experiment. 

We now proceed to consider the laws of expan- 


sion and contraction, derived from (F » Which 
govern not only liquids but solids, when without 
altering the external pressure to which they are 
submitted, heat is added or withdrawn. 

dQ 


Suppose “oF known, as a function of T, and in 


place of P+R write its value, then the equation 
£9_K=A(P+R):4¥ 





becomes 
e—K=(Pot Bo) (wo—V) s Tdw 
ET, @w—))aT 
whence 
"e—-K) 27 2 (Pot Bo) w= 
I ) Rote — i 


T 
integrating theright member between the limits, and 
w,, Whichcorrespondto T, and T,. Since c is supposed 
known in terms of T, the left member will be easily 
integrated by the substitution of 9 T for c. 
e have, as regards water taken as the first 
example : 

c=1+-0.00004¢+-0.0000009 ¢2 

whence 


c—K—0.6+0.00004¢+-0.00004 t+-0.0000009 ¢? 
and then all reductions made 


1.51071 log. (sae) —9-0msst138 (T—T,,)-+0.00000045 


9—T”)=0. ‘ - 
(T?—To")=0.418896 log ( c-coasess 
in taking as starting point water at 100 deg. 
If we make T=422.85 deg., the equation gives 
wv + \)=1.0884 lit. 
The direct experiments of M. Hirn give 
w=1.09 lit. 





a difference of 2 per cent. 

With sulphuret of carbon, M. Hirn obtained ex- 
perimentally for T=372.85 deg. 

w=0.881 lit., whilst employing a similar calcula- 
tion to the above, gives 0.8602 lit. 

Suppose T constant, and write T=T,, Theabove 


equation ( r) becomes : 


P,+R 
w=v+ ( Sie )Ovo—- 
In liquids and solids the invariable .) forms always 
a large fraction of the whole apparent volume w, 
and is consequently very great with regard to the 
variable portion (w—~), and P is wz small in 
comparison with the internal forces R. ence large 
variations in P only produce relatively small varia- 
tions in the total volume w. 
On the other side R is an implicit function exclu- 
sively of the relative distance of the ts consti- 
tuting the body and of the volume v. hen by in- 
creasing P we diminish w, that is to say (w—V)=», 
the value of R necessarily changes, and by an amount 
which is not directly known, and which we can only 
determine by the aid of extended calculations ; and 
as it is the sum (P +R) which represents the intensity 
of the heat force, it follows that the relation of the 
component P and of the apparent volume w cannot 
affect that simple form which we desire to find in 
natural laws. In spite of the labours of M. Regnault 
and others, the mathematical relation which con- 
nects P and w is far from being experimentally 
known. ; 
Another fact, the enormous expansive power of 


liquids is evident from the equation - At 100 deg., 
R=32660 atm. (approximately). 
Whence 


P+R=(1+82660)"2 37 








46 =. 00005916 + 0000063698 ¢ + .00000000218544 ¢? 
Cc 


variation. On the one side the non-homogeneity of 


If we assume v constant and equal to v., whilst 
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T becomes greater than 372.85 deg , it follows R= FIRING MINES. of simpler wire joints and greater security | misfire, 
R,=32660, and On the Simultaneous Ignition of Thousands of Mines, and since a fault in one of the ag re entirely 

372.85+ 8T\__s0860, the most Advantageous Grouping of Fuses,* localised—does not affect the other, grou 
p=s2061(* “372. 72.85 . By Junius H. SrrRreprne@zer. This » as for Firing t the final blast at 
Tax simultaneous firing of thousands of mines may be | Hullet’s Point, consis of two wooden plates, the ag 


If the temperature is raised from 100 deg. to 
150 deg. only, the external pressure P increases from 
one atmosphere to 


p=32661( 47.285 )—92680=4880 atm. 
372.85 


In water, ether, and other liquids R diminishes 
very rapidly as w (i.e.w—~)=v) increases. 
in increasing the temperature of water from 100 
deg. to 200 deg. we increase v from (1.04315—0.97 
lit.) to (1.1548—0.97 lit.) the value of Rfalls from 
32661 to 18100 atm. Whilst at 100 deg. 

1+3 P=32661 _9.00007315 _ 
0.00007315—§v 
at 200 deg. 





0.0001848 


15.38+§ P= 1 cooteietes ia x 
The same negative increase (of one-tenth, for ex- 


ample), produces then at 100 deg. a posifive i increase 

é P, almost double of what it produces at 200 deg. 
It appears then to usa liquid is more elastic as its 

temperature is higher. A body is compressible so 


When |™§ 


| relying upon the laws of transmission of detonation 
(Transl s method 

2. By the ap lintion of a Piha circuit-closer”’ 
cur electrical b: 

3. By a combinatign 


+ nna the proposition referring to blasting on 









"Feeling the wank. of more precise knowledge on the sub- 


ject of transmission Ay detonation when — a ie 
agency of, eat. a Papepied experiments were } 
writer under the ion of General Newton, 


States Engineers, until the desired information 


he following practical rules, are the result of thewe 
rtant investigations : 
Me Honore tra. 
fuse being employed for detonating the initial 
gee fase bn . ion of ape rs oot 
dynamite means of wroug pipes nglish,.. 
pipes) of ii. ae phen ane in. thickness of 


long as V—~ is not 0, but the same variation in 
volume neceSsitates changes of external pressure os Perea ts Kiehan eal in the 
the greater as V-—~) becomes less, With water| 1. If the pipes and together in such 
this influence of temperature is not sensible because | a manner as to withstand iendoneytuey they have to we ma: 
R is very great ; it is different with other liquids, | due to the lateral transmission of the at | 
In M. Hirn’s experiments with sulphuric ether he the inatant of detonation, - Seighrds th 
was struck with the increase of compressibility of | .sptridge, a drain aro oe 
that body. with certainty; (a), by of straight pi 

As liquids and solids transmit waves they must be | charges are 12 ft. apart (0 um 
compressible and extensible even under the aetion of | 26 ft., and in one case 86ft-) ; (0), by means of b 
very small ferces, like gases. a a radius ota — 

The diminution of apparent volume is so small my eed thors + Lb Berets a 
that with most persons it is rather considered to be laced at every 12ft, straight parts and 
true theoretically than experimentally demonstrated. | 6 ft. in the curved m, also at each 


The experiments of Oersted and M. Regnault have 
been required to satisfy us that the volume of water 
or mercury does really vary with pressure, The 
author considers the explanation lies in his ex- 
pression apparent volume, 

According .to the reasoning here followed it is 
(V—.)) and not V that varies, and as is very 
great the variable quantity is yery small, For water 
one has approximately 

u=(w—\)/)=(w—0 97) 0.001 me: 
At 100 dog, : 
=0.001048—0.00097=0.000078 me. 
At 200 tng: 
v=0.001154—0.00097=0.000184 me. 

If by compression and without change.of tem 
rature we alter the volume of water from 0.00115 
to 0.001043 the apparent change is only 

T1541 106 
ne CC 
whilst the real change is 


184_5 5. 


The values of R corresponding to the two in- 
teratomic volumes 0. 3 and 0.000184 are 
52,660 and 18,027 atm. The values of P are one 
atmosphere and15.36 atm, When without change of 
temperature we reduce ufrom 0,000184 to 0.009073, 
the ar pressure rises to 


=(18097 +15) r ensmanaele atm. 


Hence a very slight reduction in the apparent 
volume produces an enormous ase in external 
pressure ; on the one side the reduction of volume 
is 2.5 to Land not 11 to 10, on the other we have to 
consider two forces P+R ‘instead 
latter of which we have no means of making direct 
experimental measurement ; it ig golossal in magni- 
tude, and varies quite differently from P. 








Harbour IMPROVEMENTS IN New SouTH WALEs.— 
Among the works under the superintendence of the New 
South Wales engineer-in-chief for harbours and rivers may 
be mentioned a large dredge for the Clarence river; this 
has been all but completed. The hull was built by Mr. 
D. Sheehey, of Woolloomooloo, and the machinery is being 
constructed by Messrs. Mort and Co. The same firm are 
also bui some. iron hopper barges, which, when 
finished, complete the necessary mt for dredging 
presen ty at the arepen. An iron dradge is now being 
built bt Vale, of Pyrnynt, to be used in Sydney har- 
bour; Mr. Vale has also a contract for supplying the 
dredge Hercules with four iron ‘punts. At Newcastle an 
engine-house in connexion with some new cranes has been 
nearly completed. At Trial Bay, works are about to be 
commenced for the formation of a harbour of refuge. The | Ena’ 
southern breakwater at the mouth of; the Clarence river 
has been progressing well, and a contract has been taken 
fradmine at Moraga with a view to the improve- 
ment of navigation over the bar. | 


‘of one P, of the | and 





does not interfere 


bend or cross ; @, 
y these pipes so long 


transmission of 
coupled pipe ends are in, apa 

B. Transmission of nation in Water. —Here, 
is glen the of water being suffi 
transmit the ctonution, nde the supposition, as 
that the proper fuse has, been used for detonating the 
charge, t then a sure transmission of acm er will happen, 
uirements 5 gomoll with 


he foll 
an Shocld the 3 baie = Ss 






dyn 
Raed ee bags, f cartridges 
in thickness, or in cylindrical pay of 2in. in 
meter ; these ca Ng (a 12 . or less apart ; ( 


submerged not less 
If the 1 lb, 28 T' dynamite or rend-rock are. 
encased in brass proaag ps . in diameter and 6in. in height, 
. | these cartridges to be (a) not more than 5ft. apart; (6), 
| Sac im mpd 
ie men above 18 
ths slo expla 


used in 


he — oon of: : 
4 parts ene 
4 ” cha 
” ae. by weight. 
9 = 
lp 


Since the i of PIPE ou of spaced dynamite m 
“ to Professor/Abel’s measurements) 


tion i 
being dynamite No. 1., i of 75-per cent. of nitro- |’ 
g veeecite end 25 cont of kieselguhr. 


pean’ 
on 


poeta seme | placed, t ousands of mines conn 
ractical 


all purposes. 
- connexion with submarine blasts, where the in 


aia emomee charges are laced so as to form 
Shiota ate 


according ge 
aa second, it is evident, that by detonating at t i 
moment a "comparativel: small number of initial bd 


matches’’ may be simul! 


Il. On the 4 “arcapiy v of a Multiple Circwit-Closer to 

our Blectrical (the Writer's Method). 

—Until recently the for the simultaneous 
of mines by means of electricity, consisted in 

the electrical fuses into the charges, the ends of 

the fuse and lead-wires in groups or single serie bergen 4 

the lead-wires to the battery placed at a safe di 

then touching off the blast. 

This manner of ignition necessitated : - 

1. A large and expensive battery as source of electricity. 

2. Long and héavy lead-wires as electrical conductors. 

8. Complicated wire joints. 

Moreover, it did not offer much ility of success, a 
break in the single circuit formed by the lead-wires being 
sufficient to produce a misfire of all the fuses. 

The interposition 4 the multi ple orc’ ents over- 
comes these defects. ‘When placed and used in conjunc- 
tion with the batteries close to the mines, but short 
Bustling the simaltane sing of all So charge eee 

simultaneous g c ow- 
ever page nnd babteries; 


up in sets of 
the circnit-closer offers in addition athenee enor eons advantage 


® Reed before the Amerioan Society of Civil Engineers. 
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I. On the Transmission of Detonation, —Captain uy be! 
and Lieutenant Treuimfeld, Tmperial Austrian, | 
gineers, and Prafonor F. A. Abel, have thoro yf 


Detonation on Land. —Assnming a s OF 








fixed, the other movable vertically. These plates w 
enclosed by # wooden frame, which supported the first plate, 
and by means of grooved standards or guides, a free vertical 
movement of the mova movable plate, tely over the 
fixed pla‘ ngs obtained. The tter was provided with 2 
fase cups, filled with mercury; the brass stems of these 
project d beneath the table, ‘whore they ended in sor 
pf wi ble plate carried 24 
above and corre- 
e a 
upper of the p 
® suspension cord, into which 
luced, whose explosion of 
the cord, thus allowing the 
eury cups, and conse- 
case the wire con- 


























pole ary to fuses, from 
screw. cup of pin to negative 
groups were pre- 


‘ cups brass pins of 1 
t-closer but wore nected for the 

set cag ft Sh named al H. L. 
1g investigations on the 
t of the ‘shock Weotneed, The 


bruce ; when 


the battery ted, 
os came ied 
Sal rabber ageret proche ok to insulate the 


and also the iron 
















positive battery 
ht lead wires each, 
stween the screw cups 
latter. The “ eig 
d wires from 2 ft to 
i'a soldered-on screw 









i-wire, provided wi 
with the free motion 
pative poles of the 
ins. . The iron: lift-rod, 
the middle of the drop, 
‘the suspension cord to, 
hing secured over the 







d of ten 
d havo been sufficient). 
— line and 


| pean 2 20.98 W. _ 

x e 
battery into 
okt e 5 car- 
ge Was @ 
‘arrangements, the 

happened.* 

° is, with slight al- 
ical lo for cea city of the highest 
j ] t - Reergroe the con- 
i ing of the 
fi serine method “ iguiton by the electric 
ne. he attempt to 
ines, &c., et invortant blasts. 
the electric sources reduces itself, 
4 ¢ battery or magneto- 
ods: Rpnidion being the same 
Toss) satisfactorily meet 






















last 
mt. have been prosecuted with all oul A ur. 
[ of three of the new railway lines re 
ded with satisfactorily. Lines from Ka; —_ to 
est Bend, and from Gladstone to Jam , are 
oy A constracted under contract, and a line from ; eens 
allett by the Government. Special efforts have been 
made to insure the completion of the ent ouarare 
and plan for the Port Augusta and Goyernmen 
Heilwae, and tenders for the construction ed the ifn — 
ed for. Surveys for pe ae and Megas 
Gambier ae have been be wey: and Phone for 
Kadina and Barunga line will be finished in a ee = 
‘Tenders for the construction of these lines will be invited 
Mee re delay. The rails, engines, and a portion of the 
her rolling stock for all the lines have been contracted 
oo at very moderate rates, the South Australian Govern- 
ment laving taken advantage of tho low peice of iron. 


* A patent on-the multiple reirouit-closse has rere 
giontok to ieriniah samantont, Sen parton and Bhan dhi Digne 
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VERTICAL COMPOUND ENGINE WITH ALLISON’S BOILER. 


CONSTRUCTED BY MESSRS. J. FOWLER AND COMPANY, ENGINEERS, LEEDS. 


i 


ii 
iM 


Wr give above a perspective view of a vertical com- 
und condensing engine, constructed by Messrs. John 
owler and Co.,of Leeds, for Mr. John Allison, of Lancaster 


Gate, this being supplied with steam by a boiler 
constructed Messrs. Fraser Brothers, of London, 
according to the patented designs of Mr. Allison. We 


also give on the opposite page sectional views of the 
boiler, which will explain its chief features. 

The engine is of the compound intermediate receiver 
type, the cranks being at right angles. The framing 
consists, as will be seen from our engraving, of four 
wrought-iron standards 2} in. in diameter, connecting 
the cylinders and bedplate, these standards being each 
made square at two points in their height to facilitate 








x il 
cel, 
he 
iN 


fiend 
1. 


the attachment of the stays which carry the guide bars. 
The cylinders are both steam-jacketted, and they are 
Yin. and 15in. in diameter respectively, the stroke of 
both pistons being 1 ft. 4in. The engines are intended 
to be run at a piston speed of 400 ft. per minute. The 
small cylinder is fitted with an adjustable expansion 
valve at the back ot the main slide, while the low- 
pressure cylinder has a single valve only. The air pump 
is vertical, and is worked by levers connected to the 
crosshead of the low-pressure piston. The whole design 
is very neat. 

The boiler is, as we have said, of a type designed and 
patented by Mr. Allison. As shown in our sectional 
views, the fire is contained in a chamber lined with fire- 











brick and situated below the boiler, this chamber form- 


ing, in fact, a prolongation of the internal firebox. The 
air on its way to the firegrate passes down between the 
exterior of this chamber and an annular brick pier on 
which the boiler is supported. ‘Holes are formed, as 
shown, in the sides of the furnace chamber for the ad- 
mission of air above the fire if required. This ar- 
rangement of brick-lined furnace is one well adapted to 
secure good combustion, but we may remark that Mr. 
Allison does not pro to employ it in all cases, it being 
intended that the grate should in the majority of instances 
be fitted at the bottom of the firebox in the usual way. 
As shown in the vertical section, a series of bent tubes 
extend from the sides of the firebox to the crown, these 
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ALLISON'S VERTICAL BOILER. 
FRASER BROTHERS, LONDON. 


CONSTRUCTED BY MESSRS. 


tubes being disposed in four rings, as shown. The firebox 
is surrounded by an annular diaphragm plate for the 
purpose of separating the upward and downward currents, 
and thus promoting circulation, while at the upper ends 
of the bent tubes deflectors are placed, as shown. 

To facilitate cleaning and repairs the boiler shell is 
made in two parts united by a bolted joint, as shown, the 
upper part of the shell sliding on the uptake or chimney. 
This uptake passes through a stuffing-box at the top of 
the boiler, the part of the uptake which traverses the 
stuffing-box being thickened and screwed to receive a 
deep brass nut which bears upon the top of the stuffing- 
box, as shown, and through which pass screws for setting 
up the gland. This ement enables the uptake 
to act asa stay between the crown of the firebox and the 
shell, while at the same time by slacking back the brass 
nut just mentioned, the upper part of the shell is left free 
to be raised when the bolted joint which unites it to the 
lower portion is broken. 

To secure dry steam the steam pipe is made to com- 
municate with an annular chamber in the steam space as 
shown in Figs. 1 and 2, this chamber having slots 
formed on its top for the admission of steam, while its 
bottom is made to slope towards one side of the boiler, a 
drain pipe—led down below the water line—being provided 
to take away any water which may be carried into the 
chamber by the steam. In addition to this chamber the 
boiler of whi h we are now speaking is provided with an 
external separator, as shown in the tive view. 

The principal dimensions of the boiler we illustrate, 
engravings, but we may add that the 
area of ne and of the heating 
surface 162 square feet, latter boing made up of 


38 square feet of firebox surface and 124 square feet of 
tube surface. The engine and boiler we have been de- 














scribing have been constructed for the Park Mill, near 
Princes Risborough, Bucks, and we understand that Mr. 
Allison intends to subject them to a thorough trial for 
economy, of which trial we hope to be able to place par- 
ticulars before our readers. Mr Allison’s boiler promises 
to be a good steam generator, and the results of the trial 
will be of much interest. 





DAVIES’ SECTIONAL BOILER. 

Ir will be remembered by many of our readers that 
about a yearand a half ago we gave (oe page 175 of 
our twenty-first volume) a description of a form of sec- 
tional boiler, designed by Mr. D. Davies, of the Crumlin 
Viaduct Works, near Newport, Mon., while we at the 
same time gave an account of some interesting trials 
which had been carried out with one of these boilers to 
determine its powers of evaporation. The boiler we then 


illustrated consisted of a number of flat chambers stayed = 


like the sides of a locomotive firebox and set in brick- 


centre are two capacious cylindrical vessels, the lower of 
peng receives 1 ge tensa oo wag) wae ore tay a 
e various sections e blow 
creed tat mave optetinel raed tate héhane 
and is connected, as shown, to the steam spaces of 
Fm lt a The boiler is, mounted on a cast- 
iron base, and the details ofthe arrangement ars very 


neatly worked. out. 

As we remarked on a former occasion, Mr. Davies’ 
boiler offers great facilities for while, ‘as will 
be seen from our engravings, it is very easily erected. 
The particular arrangement we illustrate has not yet 
been tested for evaporative power, but, as will be seen on 
reference to our former the boiler in its original 
form gave excellent results, as regards the rate of 


evaporation per pound of coal, and the quantity of water 

evaporated per square foot of heating surface, and there 

appears no reason for supposing the modified arrangement 
= illustrated will. prove less satisfactory in its per- 
‘ormances. 


PROTHEROE’s ELECTRIC SIGNALLING 
APPARATUS FOR DIVERS. 
_. We subjoin an illustration of a neat omengenes of 
electric signalling apparatus, ed by Mr. Protheroe, 
for the use of divers, and patented by him. The inven- 
tion relates to the means provided to enable the diver to 
transmit signals through insulated wires imbedded in 
the ordinary “life line” to a telegraph 
instrument at the surface, this’ instru- 
ment being of any kind which may be 
considered most suitable. Tho fact of 
the insulated wires being embedded in 
the life line dis with any extra 





ordinary way if by any mischance any- 
thing should go wrong with the elec- 


trical apparatus. 
Referring to our engraving, A is a 
on of the diver’s life line extend- 


to the vessel above, ha enclosed 
in it, or entwined with i woe Lentbaing 
conducting wires Band ©. These wires 
terminate in D and E, having on 
them contact faces dand e, which may be 


ends of the D and E engage in a 
recess in a sliding of vulcanite or 
other matorial F, both 








ends of which ect the sides 
of a tube G, in which the contacts 
are enclosed. Over the tu! is fixed 


other flexible w fabric which 
covers the ends of the sliding piece F. 
In the ordinary or normal of the 


springs the two contact faces d and ¢ 
remain apart, so that no electricity can 
pass from one of the two wires B and O 
to the other. But when the diver, by 
Le a Soa ee the 

ec ends of e F, pushes 
Weher of the D and E towards the 
other, then the two faces d and e are 
brought into contact, and’an electrical circuit through the 
wires B and Ciscompleted. By the pressure of the water 
the outer tube H will be more or less collapsed, but as 
the pressure acts equally on both ends of the slide F no 





contact will be made t when it is pressed in either 
direction by hand. By taining contact for a shorter or 
longer time signals of the Morse character can be 


ordinary 
ily transmitted. The ring at the lower end of the 
apparatus is secured to the diver’s waist by a belt or 
cord. Intelligent communication from an unencumbered 
diver necessarily facilitates any submarine und 

as in most cases where force is required it can be a 

from above under the direction of the diver from ‘ 
The safety of the diver is also more assured in intricate 
ae arene ny Se method his signals would be 

t. 





CanapIAN Pactrric RatLway.—The total 





work, but Mr. Davies has since designed a boiler of the ve been lost in prosecuting the 
pocceap oa construction, but in which the brick setting: ee _ Pd son My recommends by ed 
is dispensed with. Of this boiler we this week give en- | of a territorial road from Lake to Lake " 
gravings on pages 122 and 123. epee 

Referring to our illustrations, it will be seen that the} AmERtI sTRY.—There now 
pole ike that former deneibed consists of serie f | Hives Halrond Gompany as West Albany. Of the th ea 
flat water c or sections a y . 
clined in, the spaces between these sections being department oocupion 4 men. At bn SF reeent mere loon 
closed in at the sides by similar sections, asshown. The — ate ¢ 488 men. Messrs. Clute 
sections, instead of of the form at first employed, | 2 others Co. have finished three propeller en- 
are now plain rectangles, and the hot gases foll the for boats on Lake Ontario. The 
course indicated by the arrows in Fig. 1 traverse every ‘orks have received an order for 
alternate section through a hole 10 in. in diameter, made | five locomotives for the , es ae ae 
like a locomotive firehole, as shown in the sectional plan, | Railroad. The Tron contracted 
Fig. 2. The boiler is fired at both ends, while at the 
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NOTES FROM Sp NORTH. 
gow Pig-Iron Market.—Last ‘Thus b hoc 
market was steady d the forenoon, when 
done in warrants a‘ . Oe month i 


558. 8d. one month fixed, 
cash and 55s. 7}d. one 

55s. 8d. The afternoon 
being and prices 

were nominally as at the close of the forenoon market. 
There was a certain amount of flatness this forenoon, 
bnsiness being done in warrants at 55s. 5d. eash to 
55s. 44d. one month fixed, with buyers at 55s. 4}d. 
cash, sellers asking 55s. 5d. afternoon market was 
8 rf buyers off 55s. 3d. and sellers asking 55s. 44d. 
Up towards the of last week there were still about 
100 blast furnaces in operation as against 115 at the same 
time last year ; but since then it has been that 
the ment come to by the ironmasters on the 25th 
ultimo with to the blowing out of furnacés has 
been very stri adhered to, so that there should now be 
only about 85 or 90 in full operation. Of course itis only 
the small rule, that have been blown out, or 
need of repair. For example, it 
is said that the two (out of six) blown out at Eglinton Iron 


Works, Ayrshire, require to be taken down and re- 
built before they can again be brought into use. The 
course of conduct which has been ted by the iron- 


deal more 
kinds is in better demand; and 
activity arising shortly in the s 
large quantity of iron was 


the week. Theshipments 


amounted to 7321 tons, as against 7658 tons in the corre- 


sponding week of last year. 
Proposed Railway to Gourock.—The plans of the pro- 
pooal teliwny from’ Guecanet to Geitreds have ben cam 


a. and will at am eatly date be submitted to the 
irectors of the Caledonian Railway. The railway—a double 
line—will leave the Greenock branch of the Caledonian 
Railway at the ~— goods station, and will be tunnelled 
thence through he npper portion of the town. The tunnel, 
tre sales lang. oat ve an average depth of 60 ft. under 
the town, the route selected will interfere with very 
little valuable . ‘The railway crosses the road in 
{he inside of the bay, This portion of the line 
inside of the ’ , 
the sea, will have two 
this way the foreshore will 
station and wharf will 


year 
ly states that 204 wagons have been purc 


- small girders should be raised to their respective posi- 
ons. 

Hughes and Co.’s Steam Tramway Engine. — This 
engine had its final trial trip last Thursday, when it was 
officially inspected on the Govan tramway by Major- 
General Hutchinson, of the Board of Trade, by whom it 
was pronounced to be fit for traffic. The s recorder 
instrument was used on the occasion for the first time 
for tramway cars. By means of it the rate of speed can 
be ascertained every ten seconds, the number of stoppages 
made, the distance travelled, the time occupied on the 
a , and,in case of accident, the | h of a delay. 

r. Theiler fully explained the action to those on the car. 
Major-General Hutchinson was greatly interested in it, 

expressed himself favourable to its adoption. The 
tramway company will continue to employ horses for some 
time until Messrs. Hughes have the number of engines 
ordered completed. eantime the five steam cars in the 
sheds at Govan will be shortly put into requisition, and 
— the other three are ready the horses will be with- 
wn. 


Lerwick Harbour.—Mr. Dyce Cay, C.E., Aberdeen, was 
recently ed in taking soundings and measurements 
in Lerwick Harbour, in connexion with the proposed scheme 
of pier and harbour improvements. 

Dredger for Leith Harbour.—The Commissioners for the 
Harbour and Docks of Leith have resolved to place a 
powerful steam dredger in the harbour, and are now in- 
viting shipbuilders to send in designs, specifications, and 
tenders for such a vessel. 
The New Dock at Ayr.—The Aion of the new dock at 
Ayr have now been hung, and all the other work is so far 

vanced that it is expected the dock will be opened 
by the end of October. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

The Sheffield Tramway Lines.—The half-yearly report 
of this company states the profit to be 1268). On May 
19th the Hillsborongh section was taken over from the 
corporation and opened for traffic. The permanent stables 
on this section are now nearly completed. The construc- 
tion of the Nether Edge and Heeley lines is being rapidly 
proceeded with, and the company will be in readiness with 
the stables and equipments, which will probably cause an 
expenditure in excess of the 15,0001. originally estimated. 
The company: now possess 199 horses, 22 double horse 
cars, 9 single horse cars, and works 6} miles of double 
tramways. 

New Water Works at Worksop.—On Tuesday the first 
sod was cut of the new works to be carried out for the 
water supply of Worksop, from the plans of Mr. J. F. Fair- 
bank, of London. There will be a reservoir 150 ft. long, 
100 ft. wide, and 12 ft. deep, to contain a million ons 
of water, which will be obtained from a well 370 ft. deep, 
sunk to the red sandstone formation. The capital of the 
company is 12,0001. 

The Leeds Tramways Company.—The tenth half-yearly 
report of this company shows a ce of profit amounting 


to 34951. During the session, Parliamen' powers have 
been obtained authorising extensions of the tramways 
along Meanwood-road from Shee , and to Upper 


Wortley from Wellington-street. The question of other 
than animal power for working the cars remains in abey- 
ance. The average number of horses has been 282. 

Leeds Water Fittings.—The monthly report of the in- 
— of fittings of the Leeds Corporation Water Works 
shows that 8034 houses have been visited during July, in 
which 265 taps, 77 water-closets, and 102 pipes were found 
defective. During the month 223 additio: houses have 
been supplied. 

Explosion of Dynamite.—On Sunday a quantity of dyna- 
mite exploded in Lower Granby-stree eston, causing 
gon damage to surrounding property and much alarm. 

e —— had been thrown out by two colliers, who 
then a quantity of hot cinders upon it. 

ld Wagon Company (Limited).—The half- 
(Limited) 
during the 


~~ . rt of the Sheffield W: Cc 
report of the agon Compan 
3 sem 


steamboat wharf on the west, lea an of ful ; . . 
. ;- | six months, a total of 5183 wagons, of which 220 
how die The enclosed B tard will ey > b ; , edoemod The half. has t — $ 


out the east breakwater, which could in the meantime be 

left in abeyance, the cost would be 260,0001. Great: in- 

pra be the kindly 
way 

on the scheme. 


Freepers Central Station for Dundee.—The town 

council, police Commissioners, harbour trustees, and other 
much concerned just now 

‘or establishing a central 

station in that town to have connexions with the 

and North British systems 














ing taken in the railway in Gourock, and it is | po 





Samuel Fow and Company (Limmited),—The annual re- 
rt of this company shows a profit of 24,610U., and states 
that the Stocksbridge . eye be~ yet open for 
passenger traffic, is now a ie for company’s ma- 
terials and manufactures 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 

MIDDLESBROUGH, W . 

The Cleveland Iron Market.—Yesterday there was a 
thinner attendance on a, 2 Middlesbrough, and 


prices were weaker. ‘The 





The Finished Iron Trade.—There is ap tly no 
in the state of the finished trade. Week after week 
rolls away, and in answer to diligent inquiries there is the 
same monotonous reply that t is no trade. 
works which have been lying idle for many months remain 
closed without any chance of — restarted this side of 
Christmas. Prices are low. The only branch of the finished 
trade that is active is the plate ~ which of course 
is owing to the briskness of shipbuilding. 

The Cleveland Ironmasters’ Association Secretaryship. 
—Amongst the many appointments held by the late Mr. John 
Jones, of Middlesbrough, was that of secretary of the 
Cleveland Ironmasters’ Association. His successor in this 
office is Mr. John Dennington, secretary of the Mine- 
owners’ Association, Middlesbrough. 

Ironstone Mining.—In the Cleveland district there is a 
considerable falling off in the working of the mines. The 
Liverton Company have stopped, being unable to carry on 
business any longer. The output is very much diminished, 
and a large number of miners are out of employment.. 


The Erimus Iron Works.—It will be recollected that the 
Erimus Iron Works, Middlesbrough, were erected specially 
for making iron by the Danks process. The works were in 
the hands of a company, and unfortunately in 1875 they 
— Mr. C. E. Muller became the owner of the works, 
and he is now about to open them for the purpose of con- 
ducting some experiments in iron making 

The North-Eastern Railway Company.—Efforts are 
being made to induce the North-Eastern Railway Company 
to reduce their rates. In 1872 when everything in the 
Cleveland district was being worked at high pressure, the 
rates were advanced by the company. Since that time 
the coal and coke trades have suffered t reverses, but 
the company do not show any disposition to lower their 
charges. The North-Eastern Railway Company possess a 
huge monopoly and their power is great, but they may not 
always be able to dictate their own terms. Where is the 
North of England Freighters’ Association ? 





NOTES FROM THE SOUTH-WEST. 

Taff Vale Railway.—The directors rt that the works 
necessary to accommodate passenger c between Cardiff 
and Penarth vid a curve of the Great Western Railwa, 
Company, are progressing satisfactorily. A junction rail- 
way at Merthyr bas been completed and inspected by the 
Board of le; it was opened for traffic August 1. 


Bristol Docks.—The report of the Bristol Docks Com- 
mittee for 1876-7 has just issued. The receipts from 
dues on tonnage show an increase over 1875-6 of 1894l., 
but a decrease on goods of 12451. The former result is due 
to greatly increased imports of grain, American produce, 
guano, timber, and deals, while the latter is owing chiefly 
to decrease imports of raw sugar since the stoppage of the 
Counterslip Sugar Works in February, 1877. A new bridge 
is to be erected at Prince-street at the sole cost of the dock 
estate at an estimated expense of 4500/. 


Swansea Tramways.—A question of some importance 
to the Swansea Improvement and Tramway Company has 
been raised in the local county court. r. J. Howell, 


civil ineer, who figured as plaintiff, sued to recover 
38s. 4d. for all overcharge of fare ; and it was contended 
on his behalf that under its Act of Parliament the company 


could not charge more than 1d. per mile. The defence set 
up on to peat of the company was that the Oystermonth 
section did not come under the operation of the Tramway 
Act, but under an Act of GeorgeIII. His honour reserved 
judgment. 

Bristol and North Somerset Railway.—The me goed 
meeting of the proprietors of the Bristol and North 
Somerset Railway Company was held at Bristol on Thurs- 
day. The chairman stated that the directors were not 
satisfied that the Great Western Railway Company (to 
whom Ky Bristol and Pos = ramecet oat 4 Samet 5. 

ing all in its power ring ¢ upon the line. i 
—< in dispute had been refe to Mr. Cawknell, 
late general manager of the London and North-Western. 


The Forest of Dean.—According to notice, the Parkerd 
furnaces have been blown out and the men discharged. 
By this stoppage, the miners as well as the furnace hands 
are thrown out of employment, and there is no prospect of 
re-starting duri the present year nor until the 
times improve. e stock of pig now exceeds 4000 tons 
Three years since, the property was purchased by Mr 
Edwin Crawshay for 130,0001. 

The Triwmph and the Hercules.—Efforts are to be made 
at Portsmouth to get the Triumph and the Hercules, lately 
attached to the Mediterranean squadron, ready for sea by 
the end of October. Both ships require not only new boilers 
but extensive repairs to their engines ; and as the workmen 
belonging to the yard have their hands fully occupied, the 
contractors for the machinery—Messrs. y in the 
Penn and Son, of Greenwich, in 


the other—w: ested some little time since to make 
good the efects. The Triumph has already received the 
whole of her new boilers on board. ‘The armament of both 
ships will remain ; but it}is probable that the 
Hercules will also carry a torpedo launch. 
The Narrow in Cornwall.—The Railway Com- 
issi an inquiry at ton 


missioners have . 

idents and traders of Launceston haying asked the 
Board of Trade to require the Great Western Railway 
Conapiiy Sata Count us ts Lennon Sate saable 


narrow gauge to that ‘town, so as to enable 
on of tbe § eee nt fababi- 
of case » 
the Commissioners adjourned antil October in London, 

to hear a statement on the subject from 


& 


at 
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“ ” |largest. guns carried -by the Hercules and Sultan] Huascar) failed to do the latter any serious mischief 
ue tar Sea broadside ironclads, and in an account of the, vessel | though, in the customary eae critics, she 
Guasgow: William Love. ery Sad published in ENGINEERING, vol, xvi., p. 167, credit, be described .as havi Plating which she 
Eocwaunen > lohe Menzies snd 00,13 Hanover-street. was given her for the heavier armament. — soos [might just as well be without,” when opposed to 
Bateron: Dr walls, 31, hus des Piiplove, Brussels. /The Amethyst belongs to the class of 13-knot|such guns as the Shah’s., Struck squarely, .the 
ere ind and Cope, Ostend. corvettes, the special use of which Lm ie ae ty plating » even pair Nara ) note 
; i || to: worry an enemy’s commerce as: our}; jagainst the 124-ton- gun, 
Winueh | Lahmannena Weneel) Kasataerstrense. own, by clearing tho soas of hostile privateers and |from the Shah might thave disabled her. But, the 
Aerohd ast Oo-- isan in tho Rnpek the smaljer commerce-wo: sloops. Her whole|chance of battle are against lucky shots of. that 
Teme: Atgheen DOP AE. oe oieis design and armament is to this end,.and|kind. One 9.in, shell,.went through, where. ite . 
BERLIN: Messrs. A. Ashor and Qo., 5, Unter den Linden. she has no claim to be considered a fighting vessel | entrance was of little: i ce; the others, 
CaLouTtA: G. C. Hay and Co. except against ships of her own class, Her part in |.whether they struck obliquely, or ri first, 
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THE SHAH AND. THE HUASOCAR. 

A NAVAL ‘action from which..one of the com- 
batants comes out untouched, and the other prac- 
tically uninjured, and »twowtorpedo tions 
which arrive at their destination respectively after 
the enemy has escaped, and after he has surren- 
dered, do not greatly invite analysis-with a view to 
extracting ‘‘lessons” in»naval warfare. Never- 
theless, there are some points in the hi of the 
engagement. which are worth noticing, ore the 
subject is abandoned to lawyers and diplomatists, 
and the public interest is wholly concentrated on 
the ie wn whether the — was really a 
pirate ; whether, pirate or not, she was rightfull 
attacked for her endgubted meddling with ‘* British 
interests” and engineers; and whether, if right- 
fully attacked, torpedoes were, from a moral point 
of view, the most suitable, weapons—and, it may 
be added,: the best. adapted to secure the release, 
in a manner satisfactory to himself, of the British 
subject held in durance on board. the “ piratical” 
ironclad. 

It is so long since the first accounts of the en- 
gagement were made public that it may be useful to 
re-state briefly a few. facts: relative to the com- 
batants. The Shah, if her. si ip the Incon- 
stant be excepted, is, or ought to be, the most 


erful and fastest unarmoured ship in the world. 
he is 334 ft. Sin. long between i 3; 52 ft, 
wide (extreme); draws about 25 ft. 5 displaces 


6040 tons (4210 tons measurement) ; indica’ 


armament consists of 16 7-inch guns 
and two 64-poundersen the main deck, and on the 
an a pivot 

it was in’ _ we believe; that one or both of 
the pivot guns should be of 18 tons, ‘similar to the 


ork, the sole agents for gun 
all subscriptions Tor the 
essTs 


in charge. 

The Huascar is a small masted single-turret ship 
of the Coles type, built by Messrs. Laird; whose 
successful to the Pacific afew years. back 
gained some credit for the low free principle. 
The plating on the hull is only 4}in.. amidships, 
tapering to so little as 2} in. at bow and stern, 
upon ]4in. teak backing, and in, inner skin. ‘The 
plating on the turret’is 5} in., and.it contains two: 


rf 


dia | Armstrong muzzle-loading ‘‘300-pounders 


bably 12-ton guns.’ Abaft,' on the pracareang Bt 
a 40-pounder on each side, and there’ is. a light: 
—said to be 12-po under the poop. 
boilers are new, and oa i 
from the English ships as 11 The length 
between perpendiculars is about, 200,ft,; draught 
14 ft.; freeboard amidships variously stated at. 5 ft. 
and.3 ft,,;.but from 3 ft. to 4 ft, is probably correct. 
The Huascar is thus a vessel of about one-third 
of the Shah’s size, and probably of about half her 
cost ; in fact an exceedingly small and weak iron- 
clad, differing little, except in having only, half 
their gun power, from. the once celebrated 
derate Rams, now the mn and. Wyvern of, the 
English navy—vessels which are scarcely reckoned 
among: the effective fighting fleet of this oruaiey- 
Like all turret. ships the Huasear carries formi 
s for her size, but.defensively she is a veasel of 
the feeblest. description, and as her gunners 
unable to hit, anything, the possession of powerful 
artillery is rather @ i 
vantage to. her. 

The first noteworthy fact.about the action is that 
it was, throughout, an artillery duel of the old 
kind, much like that,of the Kearsage and Alabama, 
notwithstanding the fact’ that the one side was 
armed with and was no doubt perfectly well drilled 
in the use of the dreaded Whitehead while 
the other im perfection the no terrible 
weapon the ram, with all the advantage of handi- 
ness in the abipoands skill. in her- commander, 
doubtful whe the-officers of the Huasear knew 
that the Shah carried the Whitehead torpedo, 
it is nearly certaiv that after the 
were ignorant that it had been used. Presuma bly, 
therefore, they took no steps to guard against it, 
yet its attack y failed, apparently through 
nothing but a change of course in the ship 
attacked—illustrating in the most perfect manner 
the uncertainties of to warfare, upon which we 
have often insisted, - the ous ie apsacionsa4 
using it, the Whitehead torpedo assumes what we 
have always contended to be its proper position— 
that of a most formidable weapon, to bedeeply studied 
both as regards attack and ence, but very: liable 
to fail. The dreams of those. who suppose that, 
because a new weapon has appeared on the scene, 
ironclads have become suddenly useless, derive no 
support from the late engagement. On the other 
hand, though the Huascar’s attempt.to ram neces- 
sitated constant’ Gare on the part of the Shah—a 
difficult ship to protect from ramming—it does not 
pests: thas spg.taet was thus occasioned, or 

+ the efficiency of the Shah’s artillery fire was inter- 
fered with, The two new sensational w were 
both present, and both were used favour- 
able circumstances, yet thc battle proceeded much 





so tending to worry the ironclad and confuse those |, 


estimated |. 


tic than a practical ad- | pla 


It is |.to 


and 
ment they | 


as in this case, over the stronges 
iship...We believe the battle has, been 

held to show an unarmoured ship can.en 
an ironclad with impenity. Perhaps she can, e 
ironclad’s epee always. to be. as bad as the 
‘-Huascar’s ; but the real lesson of the action, in our 
opinion, is the impunity with which. an ironelad, 
however weak, can challenge a. much larger vessel, 
armed as the. Shah.is, whether, armoured. or not. 
‘For the Shah’s want of armour was no gain to an 
adversary who was unable to hit her. : 
is magnificent 


Admiral De. H » proud..of . his 
vessel, no doubt belie ved, himself to have the 
superior force. In our view he had not, and the 
fact that the Huascar, to,put, it plainly, ran away, 
is very much to his credit... It is. ore, ‘with no 
wish to detract from the eredit due to a gallant act 
that we say that he owed his victory very much to 
Soba ooh qubagegudiaptenion anions 
t), and perhaps par itic consi 

on the part of tho tanaieneumenien The lucky 
chance; was the Peruyians’ bad 'y without 
which ,the Shah must, almost . certainly e been 
beaten. off, and there is no apparent reason, in the 
account. of;.the: ered .by the, Huascar, 
why. that vessel have retired when she did, 
instead of continuing the battle patiently until she 
had ashellinherenemy. After pees See 
“not unequal fight, Pierola probably thought 
he bad done enough to secure his countryman’s ap 
use, and as the Huascar was his trump e¢ard . 


en ent, He wisely lived to fight another day. 
But though all is--well-that-ends-well, the English 


ublic can but gravely, question the 
fe esgoud to ah Mary fo thi 


was unwilling to risk ev i 


@ great 

. have sunk 
the Shah, under any circumstances, but seach 
t 

- 


have inflicted: serious defeat..upon her, a 
ry 


Sgt gi pt Seng a 
eno an ut o 
werful ironclad, and yet able to reckon aie 


eir weakness for ultimate impunity, The folly 
of not: having an ironclad (such as, one of the 
Invincible class) as Admiral De Horsey's opie 
has, however, been long admitted, and it is 
Vink Bb fae Sane. 2. BAe ip had to be sent 
out, there was absolutely no ironclad. available. 
ona japeodingly gooveraoenien seeing more silted 
one i grave.q remains, more 
to discussion ih these pages. The has 
adopted a distinet policy with regard to the arma- 
ment of these 





in the old way, with nothing more catastrophic ers, which this action 

about it than would have been looked for in a| shows, wethink, tobe of doubtful wisdom 

frigate action in Nelson’s days. The gun is still |‘The Inconstant, the first of the , carried what 

the chief wea mee. ge Bava ana eee ~~ Inns been described as a “ us. battery” of 
i ~~ f effects of shell fire: upon: un-| ten 19}-ton guns, besides six smaller ones—the 

moured ships, the action teaches us, nothi 3 The 

What might have been, its issue, had a large shell | 

or two from the Huascar 2 d the mar By 

difficult to say, but: it is not likely that the Sha 

fond, ‘tho Shah's two. gure gual (at tering 7 

: f 8 j 

materially in power from the two great guns 
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permanent staff, besides 40 overseers and workmen 
employed on construction and maintenance duties, 
e report affords an interesting statement of the 
extent of lines, number of stations, and population 
in the Queensland and neighbouring colonies, which 
we reproduce; from which it is observable that 























i lf] ws | sas 
sila |b] ge | “3s 
CoLory. 83\ 3 |3\ 4 3 2434 
3} 2 |2| 83 | gas 
z“| 8 /8/2 "pesoad 
Queensland ove 120) 4708 |6156| 181,288 
New South Wales 166; ... (8405) 606,652 about 121 
Victoria ... ooo 180} 2743 |4745|) 823,272 300 
South Australia ... 111} 3751 |4586) 210,442 
New Zealand 142) 3154 |7247| 355,856 119 
Tasmania .., ove 53]... 750} 103,663 |about 140 
Western Australia 20; 900*| ,.. | 26,709 29 





* Also 800 miles in course of erection, 


Western Australia and Queensland have more miles 
of telegraph line, in ae mepes to population, than 
any of the other colonies named; and, probably, 
than any country in the world. Preece’s block-signal 
instruments have been introduced on the railway 
lines, are highly spoken of, and their extension ad- 
vocated. The use of Wheatstone’s automatic print- 
ing instruments between Brisbane and Sydney has 
been suspended for a time, the induction between 
the wire serving them and others working the Morse 
instrument, having been found to interfere with the 
latter. It is contemplated that the introduction of 
relays will, by enabling a less battery _— to be 
employed, reduce thisinconvenience. ‘The distance 
between Brisbane and Sydney is something like 700 
miles, 

Since the date of the previous report, cable com- 
munication between Australia and India had been 
interrupted during a period of 126 days. It is 
argued that in order to insure regular communica- 
tion a duplicate cable is necessary, and of the six or 
seven routes suggested the following are regarded 
as the most feasible. 

1. New South Wales, Victoria, and South Aus- 
tralia seem in favour of duplicating the present 
cable, and inviting other colonies to assist in sub- 
sidising the company for this purpose. To this it is 
remarked, that as such a scheme would perpetuate 
the existing monopoly and place Australia entirely 
in the hands of the eastern companies, it cannot be 
recommended, 

2. Much has also been said in favour of a cable 
from Champion Bay, Western Australia, to Ceylon. 
Admiral Richards, the late hydrographer to the Ad- 
miralty, states that he is not in favour of this 
route, in consequence of the great difficulties in re- 
pairing cables when laid across the direction of the 
trade winds, and would not recommend any com. 
pany to take the responsibility of maintaining 
cables under such circumstances. To this Mr. 
W. J. Cracknell, the general superintendent, adds 
that as it™is also a deep-sea route it may be con- 
sidered unsuitable. 

3. The third and most eligible route is said to be 
from the northern coast. 

From the report we learn that owing to high 
charges and interruptions to cable communications, 
a conference, consisting of delegates from all the 
colonies of Australia, assembled at Sydney in 
February, 1873, for the purpose of discussing and 
deciding upon a duplicate international line, when a 
resolution was passed in favour of a cable laid be- 
tween Normanton and Singapore. The Queens- 
land, New South Wales, and New Zealand delegates 
afterwards agreed to guarantee 5 per cent. per 
annum on the cost of the cables from Normanton 
to Singapore, and from New South Wales to New 
Zealand, Although approved by the respective 
parliaments of the three colonies, and a contract 
entered into for laying the cable, the work was not 


carried out. A second conference was then held 
in Sydney last January, on which occasion New 
South ales, New Zealand, South Australia, 


Victoria, and Western Australia opposed the Queens. 
land route, and Tasmania refrained from voting. 
This conference was closed without result, 

_ Thus, then, there ‘appears little prospect of the 
sister colonies assisting Cental is securing her 
long projected line, the route of which is spoken of 
as both shorter, and, in a { measure, superior to 


the Port Darwin line; the relative distances from 
Brisbane to London vid Port Darwin, according to 
the route now followed, and 
land lines being set down as 


the proposed Queens- 
under : 





Vid Port Darwin. 
miles. 
Landlines ... sd ose 5,819 
Total length ... 15,222 

Vid Queensland. 
Land lines eee eee eos oe 7,895 
Cables Pe 4,822 
Total length ... 12,717 


It is added that the land sections in Queensland 
have worked well for many years, and can be de- 
pended upon in any weather: they consist for most 
part of triplicate and oe eee lines, and are now 
available for international business. The cables to 
be laid in connexion with the land lines would be 
laid in shallow seas throughout, with good bottoms, 
and, in the event of accident, could be easily lifted 
for necessary repairs. 

In order to abolish the existing monopoly, secure 
regular communication, and place the international 
as well as the intercolonial and local lines within 
reach of the general public, Mr, Cracknell recom- 
mends that Queensland should assume the whole 
responsibility of laying a cable from her northern 
coast, vid Macassar and Singapore, to Bankok in 
Siam—and so complete a second and independent 
line to Euro e distance of which is computed 
at 3500 knots, and the cost of the cables about 
1,100,0007. This amount might be borrowed by the 
colony at 4 per cent., or at an annual payment of 
44,0007. ‘* After paying working expenses, and 

lacing a reasonable sum to the credit of a renewal 
fund, the net receipts to be Tae sen in reduc- 
tion of interest, which I believe the colony would 
not long be called upon to pay. Provision might 
be made for a portion of the interest by Queensland 
ceasing to subsidise ocean mail steamers, which will 
be unnecessary when this line is completed and the 
charges reduced. Then all important correspon- 
dence will be transmitted by telegraph, and onginary 
letters, newspapers, book packets, &c., might be 
forwarded by the numerous clipper ships constantly 
trading between England and Australia,’’ 

The receipts and expenses do not, as we have re- 
marked, form so agreeable a subject for contempla- 
tion as we could desire. The cash collection for all 
branches of the department amounted for the year 
to 29,684/. 17s. lld., being an increase on the 

revious year of 3740/. lls. 4d. The value of 
Public Service messages was 12,372/. 68.; so that 
the total revenue amounted to 42,057/. 3s. 11d., 
being an increase on the previous year of 
6027/. 6s. 6d. The total expenditure for salaries 
and contingencies —that is, for office mainte- 
nance work—was 49,581/. 15s. 8d., showing an ex- 
penditure over and above the value of the revenue 
of 7524/. 11s. 9d., and of 19,896/. 17s. 9d. beyond 
the actual cash receipts. During the year 1876, the 
number of messages transmitted within the colony 
was 479,073, against 409,000 for 1875. Up to the 
3lst of December, 1876, the amount expended on 
construction was 300,617/. 10s. 2d. 








THE BRITISH ASSOCIATION. 
PiymoutH, Wednesday Afternoon. 

Tue Reception Room presented a very different 
appearance this morning to what it did twenty- 
four hours ago. The late trains arriving from Lon- 
don last night, and the early trains this morning, 
have been pouring into.Plymouth their contingents 
of members, and the Reception Room, which is too 
small for the meeting, has been inconyeniently 
crowded. 

The business of the 1877 meeting of the British 
Association commenced this morning by a meeting 
of the Council at ten o’clock. At eleven o’clock the 
organising committees sat in the committee rooms, 
and at one o’clock was held the first meeting of the 
General Committee. In consequence of the illness 
of the retiring President, Professor Andrews, F.R.S., 
he is unable to be present at Plymouth, and the 
chair was taken by Sir William Thomson. 

The minutes of the last meeting of the General 
Committee, which was held at Glasgow, having been 
read and confirmed, the Chairman called upon 
Captain Douglas Galton, one of the general secre- 
taries, to read the report of the Council, which we 
print on another page. The report having been 
unanimous opted, the report of the treasurer 
was read, which showed that the funds of the As- 
oe notwi ane the aouen grants for 
scientific purposes ie during the year, are in 
a Sourabing condition. On the platform which was 
reserved for the Council, we noticed Captain 
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Douglas Galton, Mr. P, L, Sclater, Mr. William 
Spottiswoode, Mr. C. Spence Bate, Professor Cay- 
ley, the assistant eral secretary, Mr. Griffith, 
and his successor, Mr. Gordon. The meeting was a 
fairly full one, and among the members present 
were Mr, John Evans, Mr, F. J. Bramwell, Mr. 
Sopwith, Professor Carey Foster, Mr. J. T. Bot- 
tomley, Professor Osborne Reynolds, Mr. Edward 
Wi Mr. Fengelly, Mr. Glaisher, Mr. J. W. L. 
Glaisher, Captain Abney, Professor Barrett, Dr. 
Gladstone, Mr, Gwyn Jeffreys, and other leading 
men in science. 

The General Committee, after having elected the 
members of the Committee of Recommendations, 
adjourned until Monday next at three o’clock, when 
the election of the officers for 1878 will take place, 
and the place of meeting for 1879 will be fixed. 

The Sectional Committee sat at two o'clock this 
afternoon for the confirmation of the minutes of their 
last meeting, and for the selection of the papers to 
be read to-morrow. 

In Section A the following papers will be read as 
far as time Pepys 1. Professor S. Haughton ad 
Dublin) “‘ On a New Method of Calculating the Ab- 
solute Duration of Geological Periods.” 92. Pro- 
fessor S, Haughton “ On the Solar Eclipse of Agatho- 
cles considered in Re ly to Professor Newcombe’s 
Criticism on the C ent of Acceleration of the 
Moon’s Mean Motion.” 3. Professor Usborne Rey- 
nolds ‘‘ On the Rate of EN, poem of Groups of — 
Waves and the Rate at which Energy is transmitted 
by Waves.” 4, Mr. C.J. Woodward ‘“ On a New 

orm of Apparatus to illustrate the Interference of 
Plane Waves.” 5. Dr. C, Barham (of Truro), “ Note 
upon some Relations of Sea and Land Temperature 
in the South-West of England.” 6. Mr. F. G. 
Landon “ On the angen | of a System of Heavenly 
Bodies to Centralise and Aplanise, if subject to 
Resistance in their Motions,” Mr. Silvanus P, 
Thompson (ef Bristol) ‘* On Binaural Audition.” 

The Red Lion dinner, which has become almost 
as necessary a part of the meeting of the British 
Association as the sections themselves, will be held 
at Farley's ‘‘ mevagerie” on Tuesday next at five 
P.M. In connexion with the British Association 
there has ag Fv a very mysterious little book of 
which the following is the title: ‘Sayings and 
Doings of the Skittish Association, dedicated to 
r Red Lion Clubbe, by the Rev. Carcinus Mule, 

u.Q.C,” It is an exceedingly clever skit upon some 
of the principal papers and communications that 
have been read at previous meetings of the British 
Association, and is such an inimitable combination 
of humour of a high class with sound science that 
the question of the authorship is a common topic of 
conversation. It is certainly by a scientific man 
who has an inexhaustible store of fun, and one at 
the same time who is up to all the local traditions 
and peculiarities of the place. Itis too good to pass 
over with a mere mention such as this, and we hope 
on a future occasion to speak of it again. 
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The Plumber and Sanitary Houses; a Practical Treatise 
on the Principles of Internal Plumbing Work, or the best 
Means for effectwally excluding Nowious Gases from our 
Homes. 8. Srevens Hetiyer. London: T. B. 
Batsford. [Price 7s. 6d.] 

WE have here a very sensible little volume contain- 
ing numerous hints of value to all householders, and 
particularly to those whose sanitary arrangements 
are not all they ought to be. Many parts of the 
book are quaintly written, and altogether the author 
has to dealin a very readable way with 
the details of a subject which is not perhaps specially 
attractive. 

Mr. Hellyer has evidently a profound contempt 

for ordinary plumbers and their ways, and he does 

not hesitate to express his opinions. The following 
extract from his remarks on that abomination the 

D-trap will give an idea of the style in which the 

book is written. Says the author: “It is difficult 

“ to understand why plumbers should like this trap, 

“ especially for water-closet uses, except it is that 

‘‘ having so much to do with them—as undertakers 

‘¢ with oe “ina think little or nothing at 

‘* all about the thing. anybody (but a —- 

‘+ could see the inside of this trap after it has been 

‘* in use under a water-closet, say for half a dozen 

‘* years, he would be disgusted with the sight, and 

‘* would certainly prohibit its use in any house of 

‘+ his own. yet most plumbers, although they 








‘¢ have seen the inside of a hundred traps, go on 
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‘* fixing them as‘a matter of course, and would, if 
“ they could, rise out of their very graves to fix yet 


“€ another.” 
Mr. Hellyer’s remarks on traps generally are ex- 
cellent, and so are those on the ventilation of soil 
pipes, &c. Our author is in fact evidently well ac- 
uainted with the weak ts of the sanitary 
fttings of our houses, and he directs attention to 
these weak points, and explains the details in which 
ordinary plumber’s work is but too often to be 
found wanting. Altogether the book is one we can 
decidedly recommend. 
Inorganic Chemistry : adapted for Students in the Ele- 
mentary Classes of the Science and Art Department. 
By Dr. W. B. Kemsueap, F.R.A.S., F.G.S. Enlarged 
Edition. London and Glasgow: W. Collins, Sons, and 
Co. [Price 1s. 6d.] 
This volume forms an excellent unit in Messrs, 
Collins’ remarkably cheap series of elementary text- 
books, The author informs us in his preface that 
the book has been written with an especial purpose, 
‘* viz., for the use of pupils preparing for the First 
‘* Stage, or Elementary Examination of the Science 
‘* and Art Department of South Kensington,” and it 
is well adapted for its intended purpose, the subject 
matter being well arranged, and the experimental 
illustrations well chosen, Dr, Kemshead has very 
sensibly introduced the graphic notation and formule 
throughout the book, giving, however, in addition, 
the equations in the ordinary symbols. 


BOOKS RECEIVED. 

A Practical Treatise on the Manufacture and Distribu- 
tion of Coal Gas. By Witi1am RicHarps, O.E. 
With numerous Plates and Illustrations. London and 
New York: E. F. and N. Spon. [Price 28s. 

On the Science of Weighing and Measuring, and Standards 
of Measure and Wei t. “Nature Series.” By H. 
W. Cntsnoum, Wi of the Standards. London : 
Macmillan and Go. [Price Gs. 6d.] 

A Manual of Inorganic Chemistry. Vol. IT. The Metals. 
By T. E. Tuorrz, Ph. D., F.B.S. New Edition. 
With Copious Index and Examination Questions and 
Exercises. London and Glasgow: Willi Collins 
Sons, and Co. [Price 3s.) 

Permanent Way, Rolling Stock, and Technical Working 
of Railways. Followed by an A iw of Works of 

rt. By Cu. Covenz. Vol. I., with an Altas of 
38 Plates. Translated from the French by James N. 
SHoouerep, B.A., Memb. Inst.C.E. London: Dnulau 
and Co.; Paris: Dunod. [Price 2/. 
A Treatise on Chemistry. By H. E. B, F.R.S., and 








OC. ScnorntemmMer, F.R.S., Professors of Chemis at 

en's . Manchester. Vol. I. The on- 
Metallic Elements. London: Macmillan and Co. 
[Price 21s.). 


of Transverse Strains and its Application in the 
Construction of Buildings. By R.G. Hatrrenp Archi- 
tect. New York: J. Wiley and Sons; London: 
Trtibner and Co. 

An Element Course of Civil E 
of Cadets of the United States Military Academy. By 

. B. Wueeter. New York: J. Wiley and Sons; 
London: Triibner and Co. 

Minutes of the Proceedings of the Institution of Civil 
Engineers: with other Selected and Abstracted P Ss. 
Vol. XLIX. Session 1876-77. Part III. Edited by 
James Forrest, Assoo. Inst. C.E., Secretary. London : 
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THE BRITISH ASSOCIATION. 
rt of the Council of the British Association for the 
ear 1876-77. Presented to the General Committee at 
Plymouth, on Wednesday, August 15, 1877. 
Tx Council have received reports during the past year 
from the General , and his account for the year 
will be laid before the General Committee this day. 


The hen ni Glaasoe to th was referred by the General 
Committee at G w to the Council for consideration, and 
for action, if it should seem desirable: ‘‘ That the Council 
be requested to consider and ‘ake steps, if they think it 
desirable, to urge upon Her ifajesty's Government the 
advisability of forming a museum of scientific instruments 

chemical ucts, ‘as in the memorial pre- 
——- June last to the Lord President of Her Majesty’s 


The Council having considered this resolution, came to 
the conclusion that while they believe that a ent 
museum of scientific instruments might be of great value 
it is their opinion that the objects of the memorial referred 
to in the resolution submitted to the Council are, asa 
whole, neither so clearly defined, nor ao free from valid 
objections, as to justify Couneil o* the British Associa- 
tion in supporting the proposals of the memorial in its 
present form. 

The attention of the Council having been drawn to the 
character of some of the sectional ings at late 
nestings of the Association, a Committee was appointed to 
i and report to the Council on the possibility of 
unscientific or otherwise unsuitable pom and 

sectional proceedings of the Associa- 


The Committee recommended that, in the rules for con- 
ucting the business of the sectional comm 


ineering for the Use 





President shall call on the secretary to read the 


the | cargo. Li 
those 


2. No 
accepted by the committee of the section, and entered on 
the minutes i 4 

The Council propose.that this alteration of rules shall be 
carried into effect. 

The Committee in their further considered that 
some of the subjects ht Section F could not be 
considered scientific in the ordinary sense of that word, 
and that the question of the discontinuance of Section F 
deserved the serious consideration of the Council. 

The Council have requested the Committee to report 
more fully the reasons which had induced them to come to 
this conclusion, but the Committee have not yet made a 


further report. ’ 

The Council to state that Mr. Griffith has informed 
them that he is desirous of Withivoving Sem the office of 
assistant general secretary, which he held for nearly 
sixteen years, . 

The Council haying carefully considered the ‘steps ex- 
pedient to be taken in ee of Mr. Griffith’s pro- 
posed withdrawal, have resolved to select Mr, J. E. H. 
Gordon, B.A., of Caius College, Cambridge, for nomination 
as assistant-secretary after the Dablin meeting in 1878. 
The Council propose that Mr. Gordon be requested to 
attend the present meeting and to assist generally during 
the ensuing year. bial ‘ 

To cover his during this preliminary period, the 
Council recommend that a grant of 1001, be made to him. 

The following foreign men of science, who had attended 
the Gheegow meeting, have been elected corresponding 
members : 

Profesor Cremona, Professor Eccker, Dr. B. A. Gould, 
Professor Hickel, Professor Von Quintus Icilius, Dr. G. 
Jung, Dr. Lasaulx, Professor R. D. Silva, Baron Von 
Wrangell, Professor Wiillner, Dr. W. J. Janssen. 

The Council have been informed that invitations 
for the meeting in 1879 or following years will be pre- 
sented from Swansea and Nottingham, and from York for 


Association, the first meeting of which was held in that city. 
The following are the names of members of Council for 
the past year, who, in accordance with the regulations, 
are not eligible for re-election this year, viz. : 

Sir Rutherford Alcock, Professor Flower, Mr. Gassiot, 
Mr. Merrifield, Mr. Gwyn Jeffrey 


dinary members of Council, with the addition of the 
gentlemen whose names are distinguished by an asterisk in 
the following list : 

F. A. Abel, Esq., F.R.S.; W. H. Barlow,* Esq., 
F.B.S.; F. J. Bramwell, Esq., C.E., F.R.S.; Professor 
Carley, F.R.S.; Warren De La Rue, Esq., D.C.L., 
F.R.S.; J. Evans, Esq., F.R.S.; Dr. W. Farr, F.R.S.; 
Professor 
F.R.S. ; Lieut.-Colonel J. Grant,* 


G. ©. Forster,* F.R.S. W. 

C.B., F.B.S. ; 
Heywood, Esq., F.R.S.; Lord Houghton, F.R.S. ; 
W. Huggins, ., F.R.8.; Professor N. 8. Maskelyne, 
M.A., F.R.S.; Professor J. Clark Maxwell, F.R.S. ; 
Professor A. Newton, F.R.S.; Admiral Sir E. Ommanney, 
C.B., F.B.S.; W lly, .Esq., F.R.S.; Professor 7 
Prestwich, F.R.S. ; essor, lleston, M.A., 
F.R.S.; Professor H. E. Roscoe, Ph.D., F.R.S.; Dr. W. 
J. Russell, F.R.S.,; Professor Burdon Sanderson*, 
F.R.S.; Professor H. J. 8S. Smith, F.R.S.; Warington 
W. Smyth,* Esq., F.R.S. 


OUR NATIONAL PROSPECTS. 

To THE EpiToR or ENGINEERING. 
Srr,—Continuing the subject which I broached in my 
letter published by you on page 88 of your issue of the 3rd 
inst., I have now to refer in the second plac2 to Mr. 
Hawkesley’s propositions with reference to the working 
man whom he inferentially accuses of being the cause o 
the frightful drain upon the country already alluded to. 
Mr. Hawkesley lays down this transparently false 
notion as afflicting the working man, but as the third 
amounts to little more than a restatement of the second it 
is hardly necessary to examine it. 

The proposition that the workman is entitled to share in 
his employer’s success in business means practically that if 
any trade becomes at any time exceptionally profitable the 
workmen engaged in it to get if they can an advance of 
wages. It is ox ly difficult in discussion when 
principles laid down as em Bs ere obvious by one 
party are entirely repudia the other, to find a 
common ground for argument. 








haps the best course 
for the matter in hand is to show that working men in the 
main are governed by the same motives, and in the long 
run act much in the same way as all other people. 
It is presumed that the word “‘rights’’ is used in a 
social and not in a moral sense, and it really means this in 
fact — —_ ee on — co ind 
in which they are e me t esire 
endeavour to obtain a share of them. 
Now whether we like it or not it is an incontestible fact 
that the value of either goods or labour varies with the 
demand experienced for them, and whenever any attempt 
has been made to fix an arbitrary price upon either the one or 
the other, the attempt has invariably failed. If, therefore, 
the demand for any particular product of industry increases 
prices increase he 
But it is not uniformly the case that the wages of labour 
= in the oe vary ana 
lepends upon whether the supply e 
for that particular i is limited. 
Take some cases in point. S that the price of 
corn doubles, or that the prices of barley and hops become 
so low that brewers their profits ; or suppose the 
case of a aa anet home a more than usually profitable 
or no change ensues in the wage rates of 
in these industries because the sup < 





minutes of the previous meeting of the Committee. 





is either drawn from the vast 
iPp- 


labour 
unskilled labour, or in the case of the ship because the 


per shall -beréad until it has been formally 


the year 1881, being the fiftieth anniversary of the British | wage 


, | the foreigner. 


ions us| 


master hag a. choice of seamen, and would gohangther 
about the value ot the og Pa iiediaeata Mote 

when a : i engaging a f 
skilled workmen, limited in number, that detente 
which Mr. Hawkesley arise, and the -initiation 
of them rests as freq 








































as Mr. Hawkesley says, 
resources. Take for in- 
stance two a industries which experienced great in- 
flation in 1872-74, iron and coal; whilst these went from 
45s. to 100s. and from 6s. to 15s. per ton respectively, the 
labour cost on each did not advance more than 10s. per ton 
on iron, or 2s. 6d. per tonon coal. A great deal of silly 
rant was in certain journals when. depression 
began to supervene of how the increased cost of production 
in these industries kept up prices, and drove the trade 
away, and also what limitation in production was e ienced 
by the action of the men. Figures tell the other way. 
And again if the trade of the country was driven away by the 

igh prices the blame can searcely rest with the men, who, 
if they obtained advances did so rise in prices. It is 
not the pu of this letter to accuse a vendor of goods 
of if he gets as much as he can for the goods he sells, 
or to twit him with ignorance of political economy, but if 
blame is due it is the vendor of goods and not the hired 
labourer who es it. 

We are now, however, in a period of depression, and 
although certainly profits are small or non-existent, it is 
unfair lay the blame at the door of the workman ; and 
Jat pe this assertion and the practical impotence in an 

il point of view of the trade oy ted by 
Mr. Hawkesley, attention is to the adoption of the 
sliding scale in the iron trade, and to a table published a 
few weeks since showing that in the coal e@ miners’ 
s had fallen%in many districts to the 1871 level. And 
that this has been done in spite of combinations which 
would undoubtedly prevent it if they could prove that 
trade necessities and empty stomachs are facts too stubborn 
for any combinations to overcome. No doubt by this time 
some critic will have prepared the triumphant retort : But 
what about the American railway strike? Unpleasant 
enough, and much to be deprecated; but after all the 
battles of labour are as nothing to the struggles which 
have been fomented by the pride and ce of kings, 
the ambition of oligarchies, the love of a job of professional 
soldiers or the senseless prejudices of middie classes. 

No doubt the wage rates in this country are high as 
compared to Continental ones, but some interesting 
figures in Mr. Brassey’s book of “‘ Work al Wages”’ go 
to prove that the British workman is really as cheap as 


int of view of one who has 
3s of workmen, I must dis- 
for them or desire to battle 
for their interests. I would never give a workman 4s. 6d. 
if I —— I could get and or for 4s. He requires 
to be well handled and driven ; is for his own interest’s 
sake foolishly fond of beer, but I do not want to scold him, 
and if he becomes too expensive, I will, as an engineer, 
endeavour to find out howI can get one man to do what 
two men did before ; and this is something of the kind of 
ss which one would like to see shadowed forth by the 
. dent - oa eh gpm — ape sab bles 
propose wi of the 
supply of the future in easter eles. oer 
I am, Sir, your obedient servant, 
August 9, 1877. ScRUTATOR. 


Writing as I do from the 
had the control of large num’ 
claim any i iadi 





FORCES ACTING BETWEEN VALVE 
SURFACES. 
To THE EpiTor oF ENGINEERING. 

Srr,—I am notin the least surprised that Mr. Adams’ 
only reply to my letter is that I know nothing about the 
subject under discussion. That is the easiest ible 
do tapis task Toamet tle te te weoer thick proto 

im ass wrong without pointi 
out his mistakes. I more than hinted at several mistakes, 
which I will not take up by repeating. True, I did 
not say what was the condition of the valve, when in the 
gone considered by Mr. Adams, because I believed that 

w, if any, of your readers required to be told. But in 
case you think it worth while to publish it, here is as 
succinct and brief a demonstration as I can give : 

If, when one edge of the valve is just admitting steam, 
the other edge has not travelled beyond the outer bar of 
the valve seat, there are only two forces to be considered, 
tite my pressure al ay epee on hems back ec. ee valye, 
an pressure e part w. over e 
The centre of the former force lies in the centre of the 
valve; that of the latter in the centre of the rectangular 
strip on which it acts. e resultant is equal to the 
difference of the two forces, and lies on the side of the 
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will show that the distance of the resultant from the centre 
of the surface in contact withthe seat, is still less than its’ 
distance from the centre of the valve. 

Ido not expect to convince Mr. Adams by the above 
proof. A man cannot lower his mind to anything so simple 
as a mathematical proof, who can start to solve a problem 
— required to find the diameter of the ring R, &c.—and 
without saying one word about that magnitude, com- 
placently convlude—‘‘ to displace the oo quantity of 
steam, &c., which was required to be done, has bean ac- 
complished.” A still more gigantic mental stride is given 
this week in his communication about safety valve springs ; 
having given an arbitrary construction, and declared that 
various lines in it represent the proper size of steel, the 
pitch, the deflection, &c., he adduces, as proof of these 
statements the fact that the corresponding sides of equi- 
angular triangles are all in the same ratio. 

Since half of Mr. Adams’ letters consist of this kind of 
reasoning, and the other half of a jumble of long words put 
together without regard to their meaning or application, one 
cannot be blamed for refusing to accept the ‘ laws’’ which 
your correspondent promulgates, or to pin one’s faith to the 
superior wisdom which he so modestly assures us he pos- 
sesses. 

I am, Sir, your obedient servant, 

August 12, 1877. C. 





To THE EDITOR oF ENGINEERING. 

Srr,—The diagram illustrates a piston inside a cylinder 
where C C are the ordinary packing rings used in the loco- 
motive, and D with spring 8 is that usually employed in 
the marine and stationary engine, V V! are a pair of valves 
fitted on to a spindle longer than the thickness of the piston. 
Let the steam propelling the piston in the direction of 
arrow W; it closes V and opens V', the exhaust pressure 
which is before the advancing piston enters through V! 
and acts inside of C C, holding them to the cylinder side, 
and the same pressure enters in between the cylinder side 
and C C and presses them in, and as the force is angularly 
applied they are held in a state of balance. On the com- 
pletion of the period of expansion the pressure is gradually 
withdrawn from V by exhaust and gradually applied to V' 
by compression, and as soon as the latter overcomes the 
former, V! closes and, V opens preparatory to the next 
stroke. 











The force necessary to hold C C against the cylinder 
sides must be equal to the area of C C multiplied by the 
pressure against which motion takes place, and as the 
piston of a high-pressure engine moves against the exhaust 
pressure. Narrow rings are practically balanced by the 
opening of V and V' alternately, as here stated. 

In the year 1860 the firm of Humphreys and Tennant fitted 


out the s.s. Mooltan for the Peninsular and Oriental Steam | PTOV' 


Navigation Company with inverted compound engines, the 
high-pressure cylinder being on the top of the low-pressure 
ole er. In order to balance the reciprocating parts 
of the pistons there were a pair of 24in. diameter cylinders 
fitted vertically in the framing of the engine bed, and 
with long piston rods extending and_ fitting into the low- 
pressure piston. The lower side of these balance pistons 
was in direct communication with the boilers and the top 
side in direct communication with the = of the 
air pump bucket. The purpose of these ce cylinders 
was to help the large pistons on the up-stroke, and resist 
them on the down, and by so doing to exert as nearly as 
possible equal strains on the paw. Fe on the up and 
down strokes. The packing ring was of the D > Wil 
twelve plate springs like S behind it. On these engines 
being set to work, only 19 in. of vacuum could ; 

after trial took place, something being altered each time, but 
no improvement in the vacuum could be got. The pistons 
were taken out, and D, which was about § in. thick, was sawn 
across, on the inside about ;5, in. deep, and every 1} in. of its 
length all round the inner periphery, in order that tle ring 
might bed itself well against the cylinder sides. No better 
—aee could have been put on to it than was done. 
The ring the usual tongue-piece joint with about } in. 
clearance for compression. The pistons were put into the 
cylinders, and the covers lashed about 5 ft. above the 
cylinders, leaving the top of the cylinder open. On start- 
ing the engines the pistons were perfectly tight while 
ascending against the atmosphere, but immedia they 
began to descend against the pressure of steam, D was 
per yt steam and water flew out all round the piston, 
scalding all hands, Mr. Alfrey, the present active member 
of that firm, severely. The cause of it was not observed. 
The covers were let down on the cylinders, and the ship 
ome lava ae ae oe See was the = place the 
ship at, and there the engineers ran their cross-cut 
ch'sels r mtb the piston rods, and thus ended the balance 
, ; Had the late Mr. Humphreys 
i = the bottom of ~ iston and i 

packing ring D, his balan 
would have worked well. They would have had 


cylinders of the Mooltan. 
have driiled a 
the steam in 
cylinders 





th | . Putin plain English his letter amounts to this ; make 
the internal di 
trial | of the spring, the pitch 1.73 times the thickness, the 





some friction going up, but they would have been tight 
going down, and thay would have been working in the shi 

this day in honourable recognition of that gentleman’s 
engineering skill, but he did not know of the forces acti 
between surfaces in mol: contact when moving agains 
a heated fluid under pressure, thence the failure. 

The slide valves also of the high- ure cylinders had 
two displacement ri on their , di ing too much 
steam, and on the ship returning home a@ VO to 
Calcutta, the valves were taken out, and there was a full 


sixteenth of an inch of congealed tallow on the face, while | ° ’ 


the face of the displacement rings were bright and well 
worn, showing conclusively that the high-pressure valves 
worked on their back and not on their face. Doubtless this 
it was which made Mr. , ina paper read before the 
Naval Arvhitects, say that the engines of the Mooltan 
worked more economically without than with the high- 
pressure cylinders. The engines otherwise were a first-class 
job, and but for those two things would have been work- 
ing satisfactorily in the ship yet, whereas they were taken 
out of the ship and others put in at a great expense to the 
company (small causes produce great effects). This ship 
was fitted with hydraulic steering gear, hydraulic revers- 
ing gear, and many other improvements at that time great 
inroads in marine engineering, and but for the two causes 
pointed out everything was a job. 

The next will be on the slide valve; meanwhile your 
correspondent ‘‘C. A.M.’’ otherwise ‘* M. A. C.’’ (Orton 
fashion), has the piston now before him. 

THomas ADAmMs. 

Works of the ‘‘ Ant and Bee,’”’ Manchester. 


HELICAL SPRINGS, 
To THE EprTorR oF ENGINEERING. 

Srr,—Mr. Adams now acknowledges that his soar- 
ing critique upon Mr. Sweet’s valve was all wrong, and 
that the amusing diagram given on page 73 was scarcely 
correct. If that given on page 110 be correct then ass 
the previous one was not scarcely correct, but altogether 
wrong. The unfortunate thing for Mr. Adams is, that 
‘*the angle of stability of the spring’’ as he calls it, is 
more correct in the first diagram than it is in that now 
given as mathematically correct ; but no matter, since the 
world has been favo for the first time to see the philo- 
sophical a embodied in the geometrical construc- 
tion of the springs of the (so-called) greatest invention of 
the present —— 

Instead of constructing a spring to suit a given load, 
as any rational person would do, Mr. Adams 
to construct the spring, after which (I presume) he looks 
about for a load to suit it. Note the construction. Ww 
GH equal to the cosine of GO R, draw also GK equal 





to the sine of G O RB. He then discovers that G H is | The brickw 


the size of steel, but fails to see, what any schoolboy 


might inform him, that the sine of 30 deg. is=}, and, there- | th 


fore, GH=} G O=} ON=EN, or always equal to } of 
OE. Weare next informed that G K divide O A into 
13} equal parts, which is impossible, as it will divide it 


into 12.7 equal parts, to enable O A to be equal to 134 times | 984n5' 


GK, the tangent of the angle E A O must be equal to 
9 a - 
1+ (234 x3 «Vo ) =v =0.1284 
2 134 


=the tangent of 7 deg. 19 min., therefore the angle C AD 
is neither 15 deg. nor 15 deg. 30 min., but 14 deg. 38 min. 
So that you will see ‘‘there are more things in heaven and 
earth than is dreamt of in Mr. Adams’ philosophy.” 
Punky ow which is advanced to prove that springs con- 
8 by his method are in perfect mathematical pro- 
portions is not new. You will find it given in Bnelid, to 
e tes, as follows: ‘“‘ Let it be granted.”” The 
other parts of his letter need no comment.—Q. E. D. 
T am, Sir, yours res 
Glasgow. 


THomas ALEXANDER. 
To THE EpITor oF ENGINEERING. 
S1r,—For the benefit of your who may put any 
value on Mr. Thos. Adams’ ideas, will you all 
translate hi 





ow me to 
m3 his letter on page 110 of your journal of last 
wee 


Few i at a first glance would suppose that the 

whole of his letter, including his somewhat elaborate dia- 

ram, AY summed in about four lines without any 
a 


diameter of the coil four times the thickness 


thickn 


of the spring 13} coils equal 23} times the ess, then 
i loaded will 


the compression when the spring is 
be four times the thickness of the spring. cepting the 
concluding statement as to the relative strength of round 
and gquare steel, there is not one iota more in Mr. Adams’ 
letter than in the sentence I have just given. All else is 
dust, dust, dust, and as it can serve no end but to make 
himself look very in the eyes of those whe do not 
see through the miserable joke, we have no alternative but 
to suppose that it is used for that purpose. 


Yours, 
Glasgow, August 14, 1877. Butt Frog. 


THRASHING MACHINES. 
To THz EpiTor or ENGINEERING. 

Si1r,—Under this head in your issue of July 20, page 47, 
I have read what follows: ‘* Messrs. and Co. ex- 
hibited a machine fitted with a straw-bruising drum, and 
six By name of an Italian inventor and patentee. 
We to discover the difference between this arrange- 
ment and the well-known one of Messrs. Ransomes, Sims, 
and Head.”’ : 

Permit me in common fairness to make a few remarks 








= -—— 3 ° 
Since you Aro ’ 
ided with knives for | ‘Eas strow) antl the 
with for same ;, ; 


y as th nied ona te Gastinict an er nt 

ining ffom the word ‘two, I aéed not ‘enter into any 
argument to démo: ‘be- 
tween the straw-bruisers of these rival English firms) 
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eee 
Tue Civi, AND MecHANIcAL 
—On Saturday last the members of this 
ees Water Works, now in 
of t , Messrs. Russ 


water—thence 9 in. brickwork thas been 

down for a considerable “depth t the 
Plaistow clays. This brickwork. has 
with cast-iron sage and 
bolts. Other jcast-iron cylind 
then inserted where the mottled clay occurs, 
ders of 5 ft. diameter are i ; these will 
down and into the chalk stratum, 
to enable lateral headi 
quantities of water not 

to form a reservoir. 


1.15, was approaching Leeds at a rate. It was a | 
an vy train, drawn by two and near Kir! 
Abbey the driving axle ine broke in two. 
One of baad pr wheels and [pro- 
j orward with such force that it was either thrown or 
rolled about 150 zor and it ultimately fell over upon the 
down line. As the trai cars, it was 
necessarily fitted with the Westinghouse automatic air- 


brake, and this was applied at its full force by the driver 
as soon as he felt the shock of the fracture. The mo- 


cumstances in which all the i necessary 
catastrophe shonld be more completely fulfilled 
Sinog evene oll sensloved: nbuslons ‘4p thie Meck 
of the damage to the permanent way 
detayed for two hours pre eat Bar ih 
jured, but no one has sustained i 
a it be the an who 
hurt (presumabl some 
it y * his 
gency. We trust that he. 





on this t, sorry indeed that you have given 
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MILLS’ HYDRAULIC CRANE. 

Wer annex an ving of an improved form of 
hydraulic crane for warehouses, docks, &c., the invention 
of Mr. Robert Mills. It will be observed that by this 

t, any crane already designed with sluing 
cylinders can be also arranged to work by them at two 
powers without any additional complication in the shape 
of , internal rams, or by altering the proportions 
of the gearing. It need hardly be poin out that 
while some of the present modes of effecting this involve 
much complication, those of them which do not are sub- 
ject to the grave defect that before the man working the 
crane can vary the powers, he has some of the tackle to 
alter. Consequently in the latter case the full power of 
the crane is as a rule nearly — used, where the 
weights being handled are variable. many of the plans 
now in use, the increase in lifting power is obtained 
simply by al the ratio of the pulley-blocks, sacri- 
ficing of course the heights lifted in least proportion as 
the load is increased. 

Proceeding to describe Mr. Mills’ crane, the general idea 
of the design is to arrange the sluing cylinders so that 
by simply lengthening their stroke and connecting them 
to the main ram they act as lifting cylinders also. 

Figs. 1 and 2 represent an end and side elevation (the 
latter partly in section) of a hydraulic warehouse crane 
on thissystem. The pressure on the main hydraulic ram 
is transmitted to the load on the crane by the chain 
through an inverted system of pulleys geared 6 to 1, as 
shown. The sluing rams working in the cylinders on 
each side of the central ram carry sheaves at their ends 
over which pass chains which going around the drum on 
the port slue the crane in any desired direction. It will, 
however, be observed that these chains are attached to 
the crosshead of the mainram. Supposing the main ram 
to be at the bottom of its stroke, the side rams will be in 
a corresponding position, but if pressure is admitted 
simultaneously into the two turning cylinders, the rams, 
being forced out, will lift the main ram by means of a chain 
over the fixed sheaves, and consequently any load at the 
end of the lifting chain, which the combined effective 
pressure on the rams may be equal to. 

This being the case it is evident that if the pressure on 
the sluing rams is made equal to lift a certain weight 
without any pressure being admitted into the main ram, 
by admitti ressure on to this ram also, the combined 
effort will lift double the load, or, of course, in any other 
proportion, and the stroke of the sluing rams is consider- 
ably increased, since, while the travel to effect the sluing 
is still required the stroke (necessitated by the gearing 
adopted to lift the lighter load) has to be added. In the 
crane illustrated the stroke of the main ram is 8 ft. 4in., 
which with gearing of 6 to 1 gives a lift of 50 ft., but 
since the sluing cylinders are geared 2 to 1 to the cross- 
head of the main ram they act ac 12 to 1 on the load and 
require a stroke of 4ft. 2in., which is the extra length 
required to be added to the ordinary length of cylinder 
required for sluing only ; thus, with the addition of in all 
of about 8 ft. Gin. of cylinder and plunger and a little 
extra chain, a double-powered sluing crane is obtained. 

When pressure is admitted simultaneously to the main 
ram og the two sluing rams, the crane of course 
exerts its full power, and when admitted to the two 
sluing rams only, it exerts the lowest power ; when the 
main ram A is drawn up in the latter case, water is 
admitted by means of a self-acting non-return valve from 
the exhaust to fillup the ¢ylinder. The valve gear is 
extremely simple, but beyond the fact that the suction 
valves all act as self-acting relief valves, should the crane 
be suddenly stopped in lowering or turning, they call for 
no particular remarks. 

The crane we have been describing will lift the empty 
chain, or, if desired, a light load also, by means of the 
turning rams, without using water in the main lifting 
ram, thus effecting an equal saving in the consumption 
of water, without all the complication of the present 
double-powered arrangements. It will also lower the full 
load with only the water consumed to raise the empty 
chain, and it will turn when a load is being lowered by 
letting the water pass from one turning cylinder to the 
other end without making any demand on the accumu- 
lator. There being, moreover, no leathers or packed 
pistons to keep in order, the crane has never to be pulled 
to pieces for repacking, and no joints need be broken. 

t is continually being urged against arrangements for 
economising the water used by hydraulic cranes, that 
the extra complications more than counterbalance any 
saving effected in the consumption ; Mr. Mills’ invention 
overcomes this objection. The system we have de- 
scribed is being introduced by Mr, Ralph\H. Tweddell, of 
Delahay-street, Westminster, to whon we are indebted 
for the drawings from which our illustrations are taken. 





New ZgaLAnD Rariwars.—An extension of the trunk 
line of railway through the ponmenee of Otago, New Zea- 
land, has been making rapid progress. Another 22 miles 
were pees recently—from Clarksville to Lawrence—at a 
ber ti) shang SO per mile. There are now oe of 

way in the colony in working order, viz., miles in 
the south island, and 124 miles in the north island. The 
longest line at present constructed in New Zealand is that 
to Christchurch ; this Jine is 152 miles in 
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MILLS’ HYDRAULIC CRANE. 


Fig. 2. 
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Fig. 3. 









































STRIKES IN THE UNITED STATES. 
To THE EpiTor oF ENGINEERING. 

Srr,—The writer having recently come from the United 
States, has been surprised at the inferences that are here 
in many cases drawn from the recent strikes in America ; 
especi iy in respect to the Communistic element in these 
deplorable disturbances. I therefore venture to intrude 
on your space so far as to express a belief that in no 
country in the world is there stronger safeguards from 
continued riots and law-breaking than in America. The 
machinery, we will call it, for quelling incipient riots is, it 
is true, wanting. There is no army or police power, as in 
European states, to at once set in motion. Forty 
millions of people scattered over so vast a territory pre- 
cludes the possibility of maintaining such powers ready to 
act in an hour or a day, but any movement not supported 
by popular opinion connects the whole law-abiding people 
into a posse for quelling disturbance. To this may be 
said, ‘‘ It was not so in the late riots,’’ and there comes in 
that condition of the case where the difficulty has not been, 
I think, fully understood here. The evil lies further back, 
and has its origin in that ms power of a vast cor- 
poration with only personal and selfish interests, and which 
a democratic form of government is least able to control. 
Taking the Baltimore and Ohio ilway, where the riots 
began, as an example, it is stated that dividends on the stock 
equal to twice the present value of money investments have 
been paid down to the last declaration. ir employés, 
many of them, reside along the line, which for some hun- 
dreds of miles passes through a country where no other 
employment is possible. Under these circumstances, there 
is implied at least, an obligation to furnish employment to 
those who have trusted the company in so far as to “‘ settle 
along the line.’’ These men have been oppressed with 
unreasonable reductions in their pay, while retrenchment 
in higher places was not carried out in the same propor- 
tion, and when, as before said, the earnings went on, or 
at least seemed to go on, and the result was that popular 
sympathy was at first in favour of the strikers ; notin the 
—— condoning violence or the destruction of property, 
but in a way that prevented the ready use of the civil or 
people’s power to quell riot. 
future will no doubt show how com in the 

t as in some previous cases, the civil power is able to 
with what has called Communism. The di 


z 





of the trades union engineers and other skilled workmen by 


the Reading Railway Company some months back will 
serve to show how much weaker such combinations are in 
aTTo trespass a bile furth pace I will t 
'o pass a little er on your § sugges 
that the best safeguard against strikes in America or else- 
where will no doubt be found in some greater control by 
the State over vast corporations. Railway companies in 
America are not as here looked upon with jealous distrust. 
The people, well knowing how much the wollen system has 
had to do in developing the country, have indulged and 
trusted the companies until that war has come about which is 
in the end inevitable when the interests of the few differ 
from the interests of themany. In America this far, from 
the peculiar circumstances attending on railway develop- 
ment, the interests of the companies ran parallel with the 
wants and choice of the people, and the broad inference to 
be drawn from the late riots and strikes is in my opinion 
a di ce of these interests caused by new and unusual 
efforts on the part of the companies to augmeut or maintain 


Ageneiing for so long a letter, 
Yours falthtaty. 
J. RicHARDS. 


10, John-street, Adelphi, London, August 13, 1877. 





Tue Exxecrric Lignut.—The Russian Government, it 
appears , is turning its attention to the electric light as an 
illuminator for oy! purposes. In some experiments 
recently made at St. ———- with the special object 
of increasing the distance to which the light mood by 
electricity may be thrown, it was found that the power of 
ted by covering the carbon 


with a thin sheet of . The augmented light 
was sufficiently powerful to poo objects visible at night 
at a distance of upwards of 3000 yards. 





Tue UnirEep States Navy.—Among the vessels being 
repaired on the Delaware are the Quinnebaug, screw cor- 
vette of 910 tons, at League Island; the double-turreted 
monitor Terror at Cramp’s, and the ironclad Miantonomah 
The single-turreted monitor 


towed te ths yond 


to . 
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SELIG’S SAFETY BELT SHIPPER. 

We illustrate below a handy form of belt shipper 
which is being introduced in this country by Messrs. M. 
Selig, Jun., and Co., of London. The contrivance consists 
of a wrought-iron eone, the extremity of which is pro- 
longed so as to form a small spindle, and is capable of 
rotating by means of the said spindle in a brass socket 
or bearing, which is likewise capable of rotating in a 
wrought-iron ring or eye. Upon the brass socket and 
close to the cone just referred to a wrought-iron disc is 
provided, which is firmly secured by soldering to the 
brass socket. The brass socket is provided with a round 
nut or collar screwed upon it in order to prevent it 
from slipping out of the eye in which it rotates. For 
the purpose of screwing on the nut or collar two flat 
surfaces are formed upon it diametrically opposite to each 
other. 
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The cone and its spindle are secured by means of a nut 
screwed upon the spindle itself; a brass washer is placed 
between the nut and the brass socket in order to prevent 
them from rubbing upon one another. The wrought-iron 
ring in which the brass socket rotates is situated upon a 
rod or stem which divides into two forks or branches at 
its lower extremity, and by means of some small bolts 
passing through the latter it may be attached to a wooden 
handle. This stem is slightly curved on one side for 
belts running vertically in order to admit of the belt 
being brought over the shaft to the point where it runs 
on or off the pulley. 

When it is desired to ship a belt which runs from a 
pulley below to a pulley above, the belt should be taken 
on the cone and held up to the pulley, while the apparatus 
is pressed slightly upwards, or the reverse when the belt 
runs from a pulley above to a pulley below; the apparatus 
carrying the belt upon the cone is then to be brought 
also up inside the belt behind the shaft, and the belt 
being pressed upwards against the point where it should 
run on to the pulley, the apparatus is then to be drawn 
downwards again in such a manner that the cone is 
carried round with that side of the pulley which is to 
receive the belt, which is effected by reason of the weight 
and tension of the latter, and the consequent friction 
between the cone and the pulley. By these means the 
cone is carried round upon the circumference of the 
pulley from the point where the belt comes in contact 
with the latter to the point where it quits it, and the belt 
itself is shipped. 

The disc merely serves to prevent the belt from run- 
ning off the cone. It is necessary that the cone and disc 
should be free to turn in order to protect the belt. A 
stop with a loop is provided on the stem of the belt 
shipper, to which a cord may be attached so that an 
assistant may help to pull the belt over if it is heavy or 
very tight. 

The advantage of this belt shipper consists in the 
facility which it affords of putting on or shipping a belt, 
if required, while the machinery is in motion, with 
rapidity and safety, that is to say, without going near 
the pulley itself, thus entirely obviating all danger. 
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THE LONDON FIRE BRIGADE. 
To THE Ep1IToR oF ENGINEERING. 

Srz,—As in common with some of your unscientific con- 
temporaries you have called attention to the recommen- 
dations of the Select Committee on the above subject, I 
desire in a few words to point out the omission from t 
recommendations of that without which no pth gee 
fairly matched against the terribly swift action of. 
viz., the use of an extended system of fire hs. 
Times in its review of the Select 8 recom- 


Hi 


F 


graphs in connexion with fire signalling, or carrying 
quickly the notice of an outbreak of fire, but has by no 
means done justice to this subject, because treating of it 
merely in connexion with the use of the existing — lines 
of wire. To use these it is manifest that the policeman or 


purr aver ah g - —- of _ vee — go to the 
e or police office in order to transmit the message, 
onda whale time would be lost. 


What is necessary is a system similar to that adopted in 
some Continental and American cities of street fire alarms 
widely disseminated and accessible, under certain restric- 
tions, to the general public. The must be auto- 
matic, as a knowledge of telegraphy must not be requisite 
in order to the transmission of messages, but it is plain 
that a mere alarm of fire without any intelligence of the 
nature of the fire, would be a very unsatisfactory piece of 
information in comparison to such a notice as would enable 
the brigade to start for the scene of action with the force 
and the appliances necessary to cope with the fire which 
was raging. 

Yet it is just here where these systems of automatic fire 
alarms come short, and, moreover, they are open to the 
defect of possible confusion of me , 80 that some may 
be altogether missed, or to that of the necessity of having 
a separate wire from every signalling point to the receiving 
station, and a separate alarm bell there for every wire, so 
filling up the fire engine station with bells, an i 
it difficult, if not impossible, to. recognise which one is 
speaking. 


NOTICE * 


ANNOTATE UT STENTS 
Sl inti hin adel ee eect 





You have, however, described on page 402 of your 
number of May 25th last a system of fire telegraphs, viz., the 
auto-kinetic, which is entirely free from these drawbacks, 
and, moreover, offers to the metropolitan and similar 
authorities the means of combining the appliances for fire 
and police use in a most economical and efficient manner. 

Your readers will best understand the means by which 
these ends are attained by reference to the accompanying 
sketch of the auto-kinetic street transmitting instrument, 
promising, however, that reference must be made to your 
article of May 25th for a eye ee of the special features 
of the system as a system of phy- 

Figs. 1 and 2 show front elevations of the transmitting 
instrument which may be placed in any convenient form 
of street box or po, Fig. 1 showing its appearance as in 
the box, with the police messages and some of the fire 
™m s locked up for use only by officials, and a glass 
plate given the public access to the olions. Under “‘ Notice’ 


are instructions as to sending messages. 

ig. 2 shows the whole front open and part removed, 
in order to show the dial and travelling pointer of the in- 
strument by which the various ‘con are made and 


broken in the transmission of messages. 

= oa face of the non are on are — hap hg fire 
and police messages res vely in two , each mes- 

having a number accompanied by a hole in a 

plate for the reception of a pin. There is a knob which 
works vertically in a slot at one side, and provision at the 
foot of the face re for the attachment of any portable 
< ing’ or A BC instrument. The fire messages of 
course indicate various kinds of premises in which fires 
break out, the extent of a fire being affected by this as well 


as directly by the time which elapses before efforts are | be’ 
ish i lice m refer to | rail 


y 

made to ex h it. The po 
matters senate oth the police duties, 
used regularly as a means for PS 
porting himself and the state of his beat to 
"Se te ‘only to in in the hole i 

is 0 a pin in 0) 
to the message which A is desired to send, sotto pall ee 
the knob and let it G9, when the address and number of 
the alarm station will be te hed, and in addition the 
m referred to. Should the knob be pulled down, 
and the pins not used, an ordinary alarm 
address and number only would be transmitted. 

Where fire and police offices coincide, the can 
be recorded by one receiver, either Morse or type-printing, 
but it is quite easy to e that fire messages are re- 
corded in one receiver, ae? ice messages pass on auto- 
matically to another ina different place. 

The special features of the auto-kinetic system render 
it possible to have any number of public alarm stations, 
ber of private transmitters, ‘aa theatres, 


besides any num 

warehouses, residences, &c., co to single 

pair s a = ag the sve, Somes 
ibility of any confusion messages, wever man 

might be sent off simultaneously. a ae if 
us most efficient means of convey 

intelligence over the city may be prt Fc yem | 

the most economical means of doing so, and if i 

were to take the matter ’ 

down service wires, just as 

or gas, and chargea small rental for each b 


one may be 
on duty re- 
head-quarters 





mendations has alluded to the use and importance of tele- 


giving the | i 


The security given to those buildings and their inhabitants” 
apaunteniiaies inst fire and ro gp enna pm 
and the revenue obtained from such c would suffice 
to — the public street instruments in a manner more 


tax for the could be. 
PT cm glad 00 cay teahcte maieiins of Gane pak 
some other towns are seri considering 


of this ll of d poli re mere omen 
is excellent system and police telegraphs, 
there is no doubt that ere long no city or town of any 
size will be without some such ment. 
Yours faithfully, 
Freperick Joon Rowan. 
108, Wool Exchange, Coleman-street, E.C., and 
33, Bath-street, Glasgow, July 31, 1877. 








PERMANENT WAY. 

To THE EpiToR oF ENGINEERING. 
Srr,—I have read with interest the late correspon- 
dence in your esteemed jo on “‘ Permanent Way,’’ and 
especiall ly the letter of Mr. Seaton, inserted in No. 588 of 
April 6 ye & ye ining his system. 
tis true that he has reduced the number of pieces to 
less than one-half of those used with the chair system, but 
Tam of opinion that these could be reduced considerably 
more, as I think I have demonstrated in the accompanyi 
= es and description, of what I will call my imgeevel 
system. 

It is evident that if the system of longitudinals be em- 
ployed, the same number of cross-ties are not required as 
without them, the longitudinals being packed to perform 
their share of the work. Mr. Seaton retains in his system 
the same number of cross-ties as are ordinarily used, viz.,. 
1760 mile, and thus (counting V pieces in rails) nearly 
doubles the quantity of timber, if not quite so, and to no 
corresponding advantage, as such an enormous margin of 
safety is unnecessary, and an addition to prime cost not 
compensated for by economical working after, as the 
greater the number of ties, the greater the expense of 
keeping road in repair. These I have reduced from 1760 
to 1004, viz., 251 12 in. by 5 in. for joints, and 753 10 in. 
> > intermediates, which number I believe to be 

cient. 




















The number of longitudinals Mr. Seaton has taken is’ 
440 per mile. These I have reduced to 350, using long 
timber so as to reduce the number of joints to a minimum, 
taking care at the same time that no joint in longitudinal 


timbers comes joint in rail. 

tudinal I have taken , in my 
trong over that of Mr. Seaton ; his’ 
water to etrate under the 
i t joint, wi one which 
would very materially injure the wood, so much so, that 
in a very short time it would rot, the plate would sink in 
consequence, and a tight —_ become an re ag tegen sa og 
same must be said for \ Slee yooe bw he 

ttaches so much importance—they soon 
and er ae Ro sy _ This wae ay Mes J sen | 
longi ’ hink, obviates entirely ; having 9 
te, but would 
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plate of joint-piece are made to fit screws, so as to be as 
water-tight as possible. ; 
Patek cake aatiieeien sd Up-antiane better 
to t' , and is a i i i 
curved at bottom to fit longitudinal, 


rail, the flan 

and made flat on top to form a good bearing surface for 
heads of screws ; the rail has a bearing surface of 60 in. per 
lineal foot, no perceptible sinking can take place with so 
large a surface, this being from its shape always - 
ev it to be a better and cheaper vail than Mr. 


iton's. 
It will be seen that I have placed only four cross-ties 
under longitudinals for e rail, ety by five bearing 
points on cross-ties, which I believe to be ample, but be- 
sides this an ordinary spike is driven into the longitudinal 
on outside of rail only, between every cross-tie, which 
will insure a maximum of safety with a trifling extra 
expense. 
@ comparison between the two systems is as follows : 


Seaton’s Improved System. My System. 
Cross-ties ... oo: ae Cross-ties ... oon 
Tronitndineis , — tudinals 
itudi eee ngitudi 

Wood V pieces? ... Iron joint pieces 
Iron joint pieces ... | Screws 
Plates “6 Spikes 
Coach screws 

Total number of 

parts ee 11,186 | 


This shows a difference of 1800 pieces per mile in favour 
of my system, and the reform so much needed on railways. 


os 


settee 
# | sesege 


7,040 


Total number of 


| 
| 
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THE LUBRICATION OF RAILWAY AXLES. 
To THE Eprror or ENGINEERING. 

Srz,—In a recent article of yours on locomotive working 
expenditure, you observe that it is to be railway 
oe do not give the weight of fuel consumed per train 
mile, with the average weight of trains drawn. Your 
remarks have led me to think that the accompanying Table, 
showing the results of a series of experimental trials 
recently made with “‘ Sidetotham’s’’ system of oil lubrica- 
tion, as compared with grease, upon tian railways, 
may be interesting to many of your ers, Although 
several oil trains, passenger and goods, have been ranni 
upon the Egyptian railways for many years past wit 
decidedly successful results, no conclusive comparative 
tests had been applied till the newly appointed Board of 
Administration determined to have the question thoroughly 
settled, with a view to the adoption of whichever system 
proved most efficient and economical. The most stringent 
tests having been imposed during the trials, the results 
given in the oy ay Table are wholly reliable and 
correct ; they show in [favour of oil lubrication with Side- 
botham’s patent axle-box, an average economy for the 
whole of the goods trips of 31.30 per cent. in fuel, and of 
$2.97 per cent. in evaporation of water. This, added to 
the great economy in cost of lubrication (which is, at 
present, with Sir William Rose’s patent grease, 80001. per 
annum, as against 15001. for oil), as well as the increased 
drawing power of engines under the oil system, should 
render the results of interest to your readers. 

As shown by the Table, the goods trials were made with 
four engines. No. 67, F class, load 40 loaded ‘trucksin winter, 
and 45 in summer, six months each. It was in good order, 





oil with him in case of a warm bearing. The experimental 
oil train of 45 trucks and brake van has run up to date 
from 7000 to 8000 miles without a single hot bearing. Mr. 
Sidebotham has requested that the train may run 12 months 
without refilling the axle-boxes. I saw a coal truck that 
run 19 months all over the tian railways, also a 
passenger carriage that had done 29,000 miles ; the lubri- 
cators were in perfect order, the wheels only requiring 
re-turning. One of the six bearings of this carriage was 
with grease lubrication and of brass ; it was reduced in 
thickness three times as much as the five bearings used with 
oil lubrication. The lubricators were as good as new. 
These lubricators will wear from six to nine years in goods 
trains, and from three to four in passenger trains without 
renewal; when soaked in oil they contain 8 oz. of oil each. 
It is believed that the want of an oil axle-box that will 
run upon other companies’ systems, without fear of its 
heating, is the principal reason why railways in England 
do not use oil as a lubricant for their goods stock. This 
want is overcome by Mr. Sidebotham’s box, which is 
simple in construction and effective in working. The trial 
trips were made during the Chamanaseen, which lasts 
about 50 days; many of the days at this season are very 
hot and windy, the trains being in some instances almost 
brought to a standstill. The oil train fitted up for the 
trials is now running coal to Upper Egypt, returning with 
grain. It must be remembered, with regard to the high 
consumption of fuel, &c., that Egypt is quite flat and that 
the lines of railway are unprotected either by hedges, 
trees, or buildings, against the high winds and clouds of 
dust that are so prevalent. The gradient from Alexandria 
to Assirat is 6in. per mile. 





If you should consider the following description of 








EXPERIMENTAL TRIALS with SmpepoTHaM Or AXLE-Box, AND WITH GREASE LUBRICATION. 
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tons, tons tons. Ib. Ib. 1b, Ib. | Ib. oz. | Ib, oz 
1 |February 18, 1877. |Oll train ... 127 18.66 | 67 | Arab | 47 | 214 bs 214 | 3,595 | 28,81 | 0.602 | 0.132 | 2430 | 675) 70 60 60 | 5 3 | 
2 c ae “ 131 16.47 | 67 * 47 | 214 331 545 | 6,018 | 45.93 | 0.977 | 0.184 | 4068 | 676) 68 78 60 | 5 3 
3 Re es a 131 19.55 | 67 Z 47 | 214 307 521 | 4067! 31.04 | 0.660 | 0.059 | 3379 | 8.30| 90100 70 | 5 8 
4 |March 20 aes 16.26 | 67 , 47 | 214 335 549 | 6.089 | 45.78 | 0.974 | 0.083 | 4790 | 7.86, 72 62 70 | 5 8 | 
5 \February 27 |. |Greasetrain <.. | 131 14.91 | 67 a 47 | 21 331 542 | 7,050 | 53.81 | 1.144 | 0.099 | 5561 | 7.88| 70 65 70 a hes 
6 |March 28 aa ‘ «| 188 12.41 67 ‘ 47 | 2 330 541 | 8135 | 61.16 | 1.301 | 0.113 | 6021 | 7.40! 70 60 : 12 0 
7\Aprill .. 0... rs “a 1 a 19.80 | 67 ‘ 47 | 211 ui 211 | 5,650 | 42.48 | 0.904 | 0.201 | 4544 | 8.04) 72 77 80 90 
| 
8 |February 24 a “ 131 15.55 | 215 & 47 | 211 836 547 | 8,764 | 66.90 | 1.423 | 0,122 | 6922 | 7.89| 90 90 85 . (12 0 
9 |April 12... Oiltrain ... .. | 138 19.32 | 215 |French| 47 | 214 305 519 | 5,230 | 39.32 | 0,836 | 0.075 | 4285 | 819) 70 84 so | 5 3 | 
4S er aaa 6 ot aera) Se 17.21 | 215 : 47 | 214 ba 214 | 4573 | 3438 | 0.731 | 0.240 | 3563 | 7.86; 76 72 68 | 5 3 
TRE * 1 Aes reese 17.08 | 215 . 47 | 214 297 511 | 7,488 | 56.30 | 1.198 | 0.110 | 5084 ‘| 6.78} 96114 92 | 5 3 | 
ees ye mews | 188 13.79 | 215 b- 47 | 214 334 648 | 0,400 | 40.60 | 0.864 | 0.073 | H43 | 6.56) 70 58 60 | 5 8 | 
13 |March 10 Grease train 131 | 1627 | 199 | English} 47 | 211 297 508 | 7,512 | 57.34 | 1.920 | 0.112 | 5349 | 7.12) 70 90 80 wot 1 OO 
oe aT 's 131 9.40 | 199 - 47 | 21 296 507 | 11,900 | 90,84 | 1.506 | 0.179 | 7461 | 6.27| 58 82 85 a 12 0 
ea Qe gee ts 131 14.39 | 199 _ a7 | 211 <r 211 | 5813 | 44.37 | 0.944 | 0.210 | 4686 | 8.06] 90 76 66 renee fe a 
16 26 . a 65 11.56 | 199 Ps 47 | 199 204 403 | 4400 | 67.69 | 1.440 | 0.223 | 3096 | 7. | 70 64 = 6 0 
17 26 Olltrain 1.0... 65 14.33 | 199 " 47 | 214 i 214 | 2113 | 32.50 | 0.691 | 0.154 | 1472 | 6.96) 64 60 29 
ae “ie - wm aoa 17.50 | 199 : 47 | 214 323 537 | 5,528 | 43.52 | 0.925 | 0.081 | 4067 | 7.36] 72 80 70 | 5 3 | 
WiAprl2.. =... ; 127 20.10 | 199 : 47 | 214 127 311 | 5,100 | 40.15 | 0.852 | 0112 | 3526 | 691] 65 68 70 | 5 3 
20] ,, 2. 84 16.62 | 202 | Arab | 47 | 214 6 220 | 2,630 | 32,08 | 0.682 | 0.045 | 2289 | 8.70| 88 88 84 | 4 0 
as | We . 234 21,30 | 202 ‘ 47 | 214 334 548 | 10,652 | 4651 | 0.989 | 0.085 | 7213 | 6.77| 80 90 10 0 
22 |March 7 " . 131 33.44 | 141 | English} 10 ° 2,265 | 17.29 | 1.729 1880 | 8.30] 58 68 70 | 1 3 
23] . oe ee 131 $2.08 | 147 Arab | 10 2'eco | 19.26 | 2.007 1678 | 638] 70 76 85 | 1 8 
M |April S ... Grease train 131 35.12 | 143 | French| 10 21900 | 22.13 | 2.213 2059 | 7.10| 77 72 61 is 3 8 
Bea Ce va we | 18L | 95.08 | 147 Arab | 10 3,250 | 2480 | 2.480 2378 | 7.31] 75 70 60 3 8 
' ' 
Alexandria, Egypt, July 26, 1877. Oe. 


The advantages I claim for this system, compared with 
Mr. Seaton’s, are as follows : . 

1. Greater economy in prime cost, having much less 
timber and less number of screws. eenly 

2. Much greater durability, the rails, joint pieces, and 
— being so curved as to almost entirely prevent 
rot from moisture ; this being reduced to its minimum the 
material would, in my opinion, last at least double the 


time. 

3. Less number of pieces. — 

4. Greater economy in maintenance of way, for reasons 
stated in 2 and 3. 

5. All the pieces are of easy manufacture. 

6. Greater rapidity of construction, having more than 
15 cent. less number of pieces to lay down. - 

7 Greater rapidity and facility of changing rails, having 
less number of screws to draw and a most impor- 
tant item on lines with quick traffic. 

All of which advantages I have tried, I hope not unsuc- 
cessfully to 

Trusting 
valuable paper for —_ ¢ 
accom sketches explaining the system, 

I have the honour > ha, Sir, your obedient servant, 
J. Henry THomas, . 
Assistant Engineer, Southern Railway of Chile. 

Engineers’ Office, Southern Railway, Santiago de 

Chile, June 19, 1877. 


RAILWAYS IN THE ARGENTINE Repustic.—The Argen- 
1384 miles of railway, of which, 


tine blic now 
as nearly as pou le, one-half, or 644 miles, have been con- 
by State. 


rove. 
that you will favour me with space in your 
the insertion of the above, and also 





having had general repairs in August 1876; driver native. 
No. 215, G class, load 45 in winter, and 50 in summer—had 
two of the axle-boxes knocking slightly; it had been 
running since September, 1875 ; driver French. Trip No. 11 
with this engine was run on one of the hottest and roughest 
days experienced in Egypt: 40 miles of it were across the 
desert, where of workmen were en keeping 
the line clear of sand. Owing to this cause the consumption 
was very heavy ; temperature 114 deg. for four hours. No. 
199, F class, had thorough general repairs in February, 1875, 
load same as No. 67 ; driver English ; it was very much out 
of repair, the valves blowing, axle-boxes knocking, and 
tubes leaking. It was unable to draw its | with 

lubrication, having to take off in the middle of the 
journey 8 trucks, weight 90 tons, whereas it drew the 
oil train, as shown vy the comparative consumption, with 
the greatest ease. No better proof could be given of the 
value of oil lubrication. It shows that an engine out of 
repair, unfit to draw its load with grease lubrication, 
can still be serviceable with oil. No. 202, thoroughly 
repaired in May, 1876, had two axle-boxes knocking very 
badly. Its trip was 27 hours, the line being single for 
264 miles, and 18 engines having to at stations on 
the way. The bearings used by Mr. Sidebotham for oil 
—— ee lined > Dewrance Ro Be white 
metal ; the brass bearings for trains have the same 
bearing surface, namely one fourth the circumference of 
the journal when new. The oil used is called ‘pine tar oil,”’ 
obtained from Mr. H. W. Davis, London. The axle-boxes,* 
when filled with oil, run in goods trains from 6 to 12 months 
according to mileage, the guard having a small supply of 








* Makers, the Ashbury Carriage Company, Manchester. 


Sidebotham’s axle-box, from a paper written upon it by E. 
Guigon, director of the tian Bchool of Design, of suffi- 


cient interest, you may perhaps insert it for the information 
of your rs. ‘“‘Ten years ago , as a lubricant, 
was exclusively used on tian railways. At this epoch 


the considerable number of wagons sent in for repairs in 
consequence of hot bearings induced Mr. Sidebotham, chief 
of the carriage and wagon shop at Cairo, to propose the 
employment of oil instead of grease, and the comparative 
trials were favourable to the mode . From this 
time Mr. Sidebotham began to work out the 
tem which has proved a complete success. The em- 
loyment of two large curtains or pads, made in a peculiar 
way, which are suspended from the four lugs of the 
bearings or from four lugs cast at top of box, insures 
perfect lubrication in all varieties of temperature, and 
poet any axle this system is a plied to from heating. 
idebotham’s box is not a thing of yesterday, it has done 
several years’ service in a country where various cir- 
cumstances render lubrication icularly difficult. 
Several engineers and directors of the Lugar Works have 
stated that they have always been satisfied with this 
pe ap having practically tested it on a large number of 
8 at their works. 

Considering the great importance of the economy shown 
in the comparative trials leo Sidebotham’s oil system 
and that of grease—as consumption of fuel, 
evaporation of water, drawing power of engines—I trust 
you will find room for this letter and its accompaniment in 
an early issue of your valuable paper. A 

H. W. 





Cairo, Egypt, July 26, 1877. 
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LOCOMOTIVE FIREBOXES, 
(Continued from page 117.) 

As previously stated, in all the tests with this water- 
space, given above, the top was open, permitting the 
escape of the steam as fast as generated, without pressure, 
so that no greater temperature of the water, at the hottest 
place, was obtained, than 212 deg. The results show con- 
clusively that with a solid or single sheet, situated as the 
one composed of a number of plates, the strains ye 
in the lower part of it, represented by plates 1, 2, 3, and 4, 
must at times be very great, owing to difference of tempera- 
ture and consequent expansiun. 
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318 a | § 
2 _ 

Test No. 21. . 12 Test No. 22. S 1s 
Ala. 2/4, 
g| 23 a | as 
Zz )aa | A ge 

points} points 
At 2.47, or17 minutes} 13 | 7} ||At 3.40 the fire was} 13 | 13 
after test No. 20) 12 8 | allowed to burn out,| 12 2} 
was made, the feed| 11 73 and after standing} 11 | 4 
water flowing in at} 10 | 8} || until 6 o'clock the] 10| 43 
the cock Din a re-| 9 i || pointers indicated) 9| 4 
gular quantity to} 8 | 8} || the expansion tobe] 8 at 
supply that carried} 7 | 72 || asfollows,thewater| 7/| 3 
off by evaporation,|; 6 | 73 at thattime beingas| 6 at 
the pointers indi-; 5] 8} high as the top of} 5/| & 
cated the expansion| 4] 8} plate No. 11; plates} 4/| 23 
to be as follows: 3 8 12and 13 were ex-| 3/| 23 
2] 6} || posed to theairon) 2| 2g 
1 i both sides: 1] 2 
Expansion of the/X 3| 7 Expansion of the/X3/ 2 
outer sheet at X2] 63 outer sheet at x2) 2 
x1} 4° || X11] 4 
XO} 23 \ x0}; 
‘ | ‘ 
q + 
1s & 1 § 
oe Fol - 

Test No. 23. = | 2 || Test No, 2. & g 
2). 2| ¢_. 
B | BS | a | £3 
cll a | zie 

points]! points 
After cooling until] 13 | 04 ||After standing from| 13] 1 
8 oclock, or two} 12 1 8 o'clock p.m. of the} 12 1 
hours after test} 11 24 8th until 9 a.m. of} 11 1 
No. 22 was made,| 10 | 24 the 9th, the pointers} 10] 1 
the pointers indi-| 9| 1% indicated the expan-| 9/ 1 
cated the expansion}; 8/| 2 sion to beasfollows,) 8 | 13 
of the plates to be} 7 4 the water covering} 7 1 
as follows. The} 6| 1} the top of plate} 6| 0} 
water at this time} 5/ 1; No. 10. The sunj 5| 0g 
covered the top of} 4} 14 had been shiningon| 4] 03 
plate No. 11: 3 | 1} || the firebox for two} 3 ot 
2/14 hours, but not) 2] 04 
1| 0§ directly on these} 1] 03 
|| plates : 

Expansion of the)X3/ 2 Expansion of the/X3/ 0 
outer sheet at X2} i outer sheet, which|X 2} 0 

X11} 03 was shaded from/X1/ 0 

}X 0} Of the sun, was as fol-/X @| 0 

| lows at 

} 











If we take the results as shown in test No. 19, and apply 
them to a large sheet in one piece, we find that the parts 
represented by plates 3 and 4 will be under a strain of com- 
—— for the reason that that part cannot assume a 
ength due to its temperature, because connected to the 
cooler and shorter part of the sheet represented by plates 1 
and 2; and as that represented by plate No. 1 is rivetted to 
the mud ring, the forces of the part above it (plates 3 and 
4) would not be sufficient to elongate the mud ring, but the 
parts represented by plates 3 and 4 would be permanently 
shortened by reason of this compression, whenever it should 
assume proportions above the elastic limit of the metal ; 
and then, when the sheet in all its parts should become the 
same in temperature, this part, permanently shortened, 
would be under a tensile strain. 

The proportions of expansion given in the tables above 
are for a length of sheet exposed to the action of the fire, 
and also of the water, of 44in. Now if this length was in- 
creased to that of an ordinary firebox for a locomotive, say 
to 66 in., the expansion would increase, in the aggregate, 
to the same extent, namely }; and if we assume that the 
expansion for each degree of heat above 212 deg. is the 
same as that below it, until a temperature of 350 deg. is 
attained (equal at the hottest part to that due to a steam 
so may of 130 Ib. per inch), the expansion would be still 

urther increased by reason of increased temperature, 
about 85 per cent. If we take test No. 17 as a basis and 
add one-third to that given for each plate for increased 
length of plate, and 85 per cent. more for an increase of 
temperature, then the result would be that due to a length 
of plate of 66 in., anda steam pressure of 130 Ib. at the 
hottest part; and as represented in the following Table 
No. XXV. Test No. 17 was made after the water had been 
boiling an hour or more, and when the lower plates were 
as hot as they could be made while the feed water was 
flowing in. 
In the case of a side ‘sheet in a firebox of a locomotive 
the on would not, perhaps, entirely coincide with 
that shown in the various tests, even if the sheet was made 
up of a series of plates free to assume a | h dueto tempera- 
ture, for the reason that after starting.a fire when'the boiler 
is full of cold water, a great amount of heat is carried up 
to heat the water above the crown sheet, and above the top 
of the water-space, before the water in the lower part of 
the latter increases much in temperature, and as the heat 











> 
is at first greatest at the top of the water, and heats down- 
ward, so to speak, this line of greatest difference of ex- 
a between two parts of the sheet will be carried 
igher up than the position of plate No. 3, Fig. 8 (page 
116 ante) until after circulation, induced by boiling, causes 
currents of hot water to extend downward to bottom. 


TaBiE No. XXV. 








| 
| 
Number of | Expansion on || Number of | Expansion on 
Plate. Dial. | Plate. Dial. 
points. points. 
13 21 4 22 
12 21 3 21 
ll 22 2 18} 
10 24 1 134 
9 223 
8 223 x3 19} 
7 21 x3 17 
6 21 x1 164 
5 203 | 
| 














With a strong draught and a very hot fire on the grate, and 
a large quantity of steam drawn from the boiler in a given 
time, it is probable the expansion would vary somewhat 
from that given in Table No. XXV.: it would be test 
in the plates nearest the fire, and less in those below the 
top of the grate ; the latter, on account of the large quan- 
tity of cold water required to supply that carried off as 
steam, and the current of cold air brought in contact with 
those plates by the draught. 

Elasticity in the metal of the sheet is absolutely necessary 
in order to prevent injury from the forces developed by ex- 
pansion. is it has to a certain extent in a plain straight 
sheet, but if the requirement is such that the limit of 
elasticity may be exceeded, then it would seem that a 
change of the form of the sheet should be made at such 
point, curving it, for instance, as to allow the spring of the 
curves to give a part of the elasticity sogeioed . In order 
to test the effect of curves or channels in giving elasticity 
to a sheet in the direction of its Pen aya a plate of steel 
50 in. long, 32 in. wide and ¥; in. thick taken from the same 
lot as those composing the sheet shown in Fig. 8, had five 
channels or curves, in a transverse direction, pressed in it, 
cold, as shown in Fig. 11 (page 116 ante) at a distance of 
9 in. between centres, the depth of the channels being 
4, in., the thickness of plate and length of curve 3 in. 
Stay bolt holes were placed along the centre of the plate, 
44 in. between centres. 

To ascertain to what extent these transverse channels 
would permit the plate to be shortened by compression on 
the ends anes genes set or shortening, and what 
force was required to produce the different degrees of such 
shortening before permanent change in its length took 
place, it was fixed on the edge of two bars of 4in. by,1 in. 
iron, bolted ther, leaving a space of 1} in. between, as 
represented in Fig. 12 annexed. H represents the two bars of 
4 in. by 1 in. iron bolted together at L and B, with distance 
pieces between them, F F F holding it in its place on the 
edge of the bar H. 

One end of the plate rested on a step at B, the other 
terminating at A. L represents the lever upon which 
weights were hung to produce the required compression ; a 
knife-edged in passed through the end of the leverat E, a 
knife-edged ing piece filling the space from the end of 
the plate at A to the lever L. 

D represents a pointer 12 in. long from its centre to the 
pit, and attached to the end of the plate at A by a wire, 

eld in place by a coiled spring 8. K represents the dial, 
graduated to twelve parts to the inch, so that compression 
of the end of the plate in the direction of B sufficient 
to cause the pointer to move one point on the dial would 
indicate that the plate had been shortened the ,},th part 
of aninch, the same asin the case of the pointers and 
dials used to measure the expansion of the plates compos- 
ing the sheet of the firebox, one point meaning the same 
in both cases ; the plates also being of the same length. 

The bolts F F F were tightened sufficiently to keep the 
plate to afbearing on the bars H,\but not so as to interfere 
with its free movement in the direction of Aor B. After 
a few tests were made, so as to bring all the working parts 
to a perfect bearing, the lever was loaded, causing the 
pointer to move —— on the dial K, and the plate to be 
shortened in the direction of B, with the different loads 
applied to the end of the plate, as follows, shown in 

able XXVI. 


TABLE No. XXVI. 








, ; Distance the 
Weigh | Distance the, rug on the | Fla 
Plate. on Dial. End of Plate. —— - 
Ib. points. Ib. points. 
2,950 1 15,350 7 
5,100 2 17,000 8 
6,900 3 Began to lose 
9,200 4 elasticity. 
11,250 5 17,700 Ib. 9 
13,450 6 8,600 ,, 10 

















The load was applied and removed in each case, the 
pointer returning to its origi position, until over 
17,000 Ib. had been applied, when it was found that the 
ointer did not return quite to 0; and after 138,600 lb. 








ad been applied and removed, it did not return to its 
original position by 1} points, showing that the plate had 


been permanently shortened to that extent (about »} in.) 
The sectional area of the plate was 1.17in., and with a 
force of 17,000 Ib., resting on the end at A, in the direction 
of B, the de th of the c els was increased to }in., or 
vs in. more than when free from strain by the spri 
curve outward. All seemed to J t alike, as near 
as could be measured, and on removal of the load returned 
to their original proportions. The same forces applied in 
the opposite direction would doubtless produce elongation 
to the same extent. 














Several other tests were made, similar to that given 
above, but all were so near alike in their results that to 
give any more seems unnecessary. The resultsof the various 
tests given above are submitted and made a part of the 
report of the committee on the “‘ Best Material, Form, and 
Proportions of Locomotive Boilers and Fireboxes,” by the 


chairman of your committee, believing that they 
confirm the views heretofore expressed by himself 
other members of the committee as to the causes that i 


so often result in inj to the sheets of the firebox at 
points not far above the of the grate, either in } 

- — small cracks, or in a vertical rupture of 
sheet. 

The remedy for what is on most roads a source of much 
trouble and expe in firebox sheet—will most 
likely be found in some form of corrugation or channels in 
that part of the sheet vertical indirection. The best form 
of such corrugations is yet to be de ined. The vertical 
channel between the rows of stay-bolts will answer the pur- 
pose, if the spring of the curve at the point where it leaves 
the straight part of the sheet does not in time produce a 
‘* seam’’ on the water side, and which in time might end in 
acrack. The greater the number of corrugations, the less 
will be the spring required of each one, consequently the 
less py of resulting in cracks from the unequal expan- 
sion in different parts of the sheet. 

(To be continued.) 





Russian TeLEGRAPHY.—A Russian official return states 
that the revenue collected by the Russian telegraph service 
in 1876 was 5,669,350 roubles, as compared with 4,948,092 
roubles in 1875. The figures for 1876 will be seen to 
yee an augmentation of 144 per cent. over those for 





Lonpon WarTER Suppty.—At the last meeting of the 

Metropolitan Board, the report of Sir J. Bazalgette, Mr. 

Bramwell, and Mr. Easton, upon the best means of 

viding an efficient supply of water for extinguishing 

and for other purposes in the metropolis, was presented. 

It was stated that the present daily supply exceeded 20 

gi per head, although, after careful examination it 
been shown that not more than two gallons per head 

were really used for —'¢ cooking purposes, or 

about eight million ons daily for the entire popula 


tion of the metropolis. It was estimated that for 


the of oy oy hing fires, an average of about 
300,000 gallons per day, or 8} million gallons per year, 
wo ient. It was suggested in the report that 
there should be laid down separate mains, constantly 
charged with good spring water. To carry out the plan 
it would be necessary to construct on higt ground, both 
in the north and south of the metropolis, four covered 
service reservoirs, holding in all 32,000,000 OG) 
about four days’ supply. reservoirs would be 
elevation of ft. ~ oat the Ordnance level of the Thames, 
and for each there would have to be ded sets of arterial, 
mains which would traverse the lis, cross the river, 
and be coupled up so as to put all the reseryoirs into com- 
munication with each other, The expense of the — 
works would be about 5,500,000/. ; the total being up 
in the following manner, viz.: reservoir pumping stations 
and sites, 512,0001. ; main for pumping stations, 533,000/. ; 
arterial and distributing mains including the ing of the 
river, 3,195,000/. ; hydrants, 600,000/.; honse fittings, 
600,002. ‘The interest on 5,500,000/, at 3} per cent. 
would be 192,500/. ; the annual cost for pumping manage- 
ment, &c., was esti as 32,500/., making in all an 


or 
at an 





annual charge of 225,0001. 




































138 


ENGINEERING. 








{Aus. 17, 1877. 


















































METALS. 
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10 q 
8 @ 9 
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STEEL CASTINGS — Continued. 8. 


Side cranks, cross heads, 
crane | a engine 


slides, &c 24 
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castings for dredging 
purposes 
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AMERICAN IRON AND STEEL WORKS.* 
By A. L. Hoiiey and Lenox Sura. 


No. VIL.—Wokrks oF THE BETHLEHEM IRON 
CoMPANY. 


TueEsE works, which were visited and admired by 
a large number of experts during the Centennial 
Exhibition, consist of a Bessemer plant, two large 
rolling mills, six blast furnaces, and several iron 
mines, also the necessary foundry, machine shop, 
&c., for construction and repairs, They are situated 
at Bethlehem, Pennsylvania, on the Lehigh river. 
The shortest route to the harbour of New York is 
by the Lehigh Valley Railroad, a distance of 


60 miles, although additional connexions with New 
York harbour are afforded by the Lehigh and 
Susquehanna Railroad, which joins the Central 








premiers being about 16 miles distant. The best 
ematites, which are used to the extent of one-eighth 
in mixture for making Bessemer pig, contain from 
0.06 to 0.10 per cent. of phosphorus, and from 
45 to 55 per cent, of iron, and are delivered at the 
works at the low cost of 3 dols. per ton, including 
freight, ‘The brown hematites of Staten Island are 
also used to the extent of one-eighth, and have been 
used to the extent of three-eighths of the. charge. 
They are excellent Bessemer ores, although rather 
fine, which prevents working them in large propor- 
tion in the blast furnace, e mines from which 
these ores are obtained are distant about 75 miles 
from the works. These brown hematites contain 
the unusually low proportion of 0.03 to 0.04 per 
cent, of phosphorus ; they also have some chromium, 
The magnetic ores, from the remarkable Cornwall 
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by water, with the tion of the’ 60 miles from 
Amboy, which is by rail. When navigation is closed 
the rtation may be by rail entirely. The 


Crown Point ores will be described subsequently in 
a special article. The magnetic ores of New 
Jersey are also used to a considerable extent, and 
may be used in general without mixture with other 
ores. The mines from which these ores are ob- 
tained are situated at an average distance of 60 miles 
from the works. These ores contain from 0.02 per 
cent, to 0.08 per cent, of phosphorus, 50 per cent, 
to 55 per cent. of iron, and a small proportion of 
sulphur, which, however, does not exist in sufficient 
amount to necessitate roasting. The ores of Lake 
Superior may also be delivered at Bethlehem at low 
cost vid the es to Buffalo, New York, and thence 


over the Erie Railway and Lehigh Valley Railroad. 
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Railroad of New Jersey, and the Delaware, A? 3. They are richer in iron, having an average of 66 per 
Lackawanna, and Western Railroad at Phillipsburg, cent., than the ores above named, but they also con- 
some 12 miles east of Bethlehem. The harbour of tain more phosphorus, The ores for making 
Philadelphia is reached vid the North Pennsylvania spiegeleisen consist of the residuum of Franklinite 
Railroad, a distance of about 55 miles. The works Flo.3 after the zinc has been removed by sublimation. 
are connected with the anthracite regions by the _ C} The fuel used in smelting is anthracite from the 
Lehigh Valley and by the Lehigh and Susquehanna Upper Lehigh region. It is of very superior 
Railroads running up the Lehigh, and also by the ity for the following reasons: it does not 


system of lines operated by the Philadelphia and 
Reading Railroad Company, which commences about 
four miles west of Bethlehem at Allentown. These 
connexions afford ample facilities for the trans- 
portation of fuel and ores to the works and outlets 
for the distribution of the product, 

The best hematite ores of the region are within 
from 4 to 20 miles from the works; the local 
hematite ores containing the lowest proportion of 





* In the course of this series of articles, frequent re- 
ference will necessarily be made to the exhibits various 
steel manufacturers in the United States, at the late 
Centennial Exhibition, some of which exhibits were not 
noticed in the brief review of American Iron and Steel Ex- 
— at Philadelphia which has already appeared in our 

umns. 




















deposit, which is situated 75 miles from .the works 
at Lebanon, Pennsylvania, are successfully used 
up to 50 per cent. of the charge. ‘They contain 
0.02 per cent. phosphorus, 50 per cent. of iron, 
and from 2 per cent. to 3 per cent. of sulphur, which 
is eliminated by calcination. They also contain a 
variable proportion of copper, which does not, how- 
ever, occasion an ial trouble in working. The 
magnetic ores of Lake Champlain, from the mines of 
the Crown Point Iron Company, are also gay ent 
in making Bessemer iron at Bethlehem. ey are 





transported to the works, a distance of 300 miles, 








Lcccsbiake, but burns from the surface ; it is very 
hard and sustains a good burden, and it is free in 
a great measure from slate. As this is the first in- 
stance in this series of articles in which anthracite 
is mentioned as a smelting fuel, a few facts concern- 
ing it may prove interesting. ‘The efficiency and 
value of any fuel in an economic point of view is 
determined by the ana 4 required to smelt one 
ton of pig iron in a furnace of given dimensions ; 
the other conditions as regards ore, flux, pressure, 
and temperature of blast being the same. From 
this standpoint it cannot be claimed for anthracite 
that as a smelting fuel it is equal to coke, for the 
reason that coke is a more porous fuel, and burns 
more freely, and it sustains its burden better than 
anthracite, which is compact and liable to splinter ; 
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but it should be borne in mind that comparisons 
between the two fuels are generally based upon the 
practice in the east as compared with that in the 
west. The immediate consequence of this com- 
parison is that coke frequently gets the credit which 
really belongs to the ores, which in the west, where 
coke is chiefly used, are richer and more porous 
than those in the east, which are more refractory and 
finer, The blast furnace practice at Bethlehem has 
established the fact that where coarse ores are 
smelted with anthracite the pressure of the blast 
is from 5} Ib. to 6} lb., but when fine ores are used a 

of blast of from 10 Ib, to 11 Ib. is required, 
although anthracite certainly needs a greater pres- 
sure of blast than coke under similar conditions in 
other respects. Some very successful results have 
been attained in the west by using anthracite with a 
mixture of coke varying from one-third to one-half, 
especially in furnaces of moderate height. The coke 
by burning rapidly aids the combustion of the an- 
thracite, and as it does not splinter facilitates the 
action of the blast, and improves the working of the 
furnaces generally. 

Theconstruction of the Bethlehem Works was com- 
menced in 1860 with the erection of an iron rail 
mill, a puddle mill, and one blast furnace. The ori- 

inal design included the building of another blast 

urnace, but no further constructions were contem- 
plated, as at that time the —* owned no land 
on the upper side of the Lehigh Valley Railroad, 
the land upon which the newer portion of the works 
stand having been acquired since. In 1863 the 
second blast furnace was built, after which the 
Northampton furnace (No. 3), which is located on 
the Lehigh Valley Rai , & few hundred yards 
from the other portion of the works, was purchased 
from another company which had built it. The Bes- 
semer Works and New Rail Mill commenced build- 
ing in 1870, and operations in the Bessemer Works 
were begun in 1873. The spiegeleisen furnace was 
built in 1874, and in the same year the construction 
of the two large blast furnaces, which are among 
the most important features of the plant, was com- 
menced. These furnaces, known as Nos, 5 and 6, 
were put in blast in March, 1876, and March, 1877, 


—~e. 
he entire plant has been erected from designs 
made under the superintendence of Mr. John Fritz, 
the machinery, engines, roofs, &c., belonging to the 
newer portion of the works having been built, with 
a few trifling exceptions, inthe machine shops and 
foundry belonging to the works. ‘This has un- 
doubtedly prolonged the operation of building, but, 
on the other hand, it has made the construction of 
the machinery better and much cheaper than would 
have been the case had it been built elsewhere. 
The plant may be generally described as follows 
see Figs. 1, 2, and 3 on the preceding page): All 
e buildings are constructed of hard grey sandstone 
from the adjacent hills, In all the newer buildings 
the roof frames are of iron. The roof coverings are 
all of slate. The original iron rail and puddle mill 
is shown on the left of Fig. 1, the puddling end 
being on the river bank. Next on the right are the 
machine shop, 253 ft. by 64 ft., and the foundry a, 
107 ft. by 64 ft. Then come five of the blast fur- 
naces, viz., No, 1, the original furnace and its com- 
— ; No, 2, now enlarged, then the little spiegel 
urnace No. 4, and then the new pair Nos. 5 and 6, 
which will be described in a separate article. The 
blowing engines of all these furnaces will be in the 
house ¢; the original engines for Nos, 1 and 2 are 
now at ¢. The Northampton furnace No. 3 is shown 
at the lower right-hand corner of Fig 1, and on 
larger scale by Fig. 3. The other furnaces are 
shown in larger plan by Fig. 2. From this plan 
it will appear that there is a stock house common to 
all the furnaces, and that the blowing, pumping, and 
water-pressure engines are in one house, under one 
management, and entirely removed from the dust of 
the furnaces—an important cal consideration. 
Steam is indeed brought to them from boilers stand- 
ing at some distance away, but the loss is trifling in 
large and well clothed pipes. The air pipes from 
the engines to the stoves are somewhat lok but 
oe are very large, forming receivers. 
railway, tunnelling the Lehigh Valley Railway, 
has just been constructed from the river side of the 
line of blast furnaces around the rear of the steel 
mill to the point m, Fig. 1, where the converters 
stand. A ladle of fluid iron direct from the blast 
may thus be brought in, and may be raised 
to the converters by the same lift that now raises 
the — metal. This will be fully shown by 
engravings in another article. 


The steel mill is a large and massive stone struc- 
ture, having numerous and uniform arched openings 
in its sides, and an iron and slate roof with a con- 
tinuous lantern. The total length of the nave is 
931 ft., and its width is 111 ft. The transepts are 
also each 111] ft, wide, and their total length, in- 
cluding the crossing of the nave, is 386 ft. The clear 
height is 29 ft. In this noble building there are 
(on the left, Fig. 1) a pair of 7-ton Bessemer vessels 
with their cupolas, capable of turning out 60,000 
tons of ingots per year. There is a good sized stock 
yard around the cupola end of the mill. The blow- 
ing engines are in the transept next the Lehigh Valley 
Railway, while the opposite transept is reserved 
for open-hearth furnaces. Space was left alongside 
the Bessemer plant for another plant of the same size ; 
but as improved Bessemer and open-hearth appa- 
ratus and practice are likely to keep the ingot yield 
up to the requirements of the trains, this reserved 
space may probably continue to be used, as it is at 
present, for storing and preparing refractory 
materials, &c. Next on the right are the Siemens 
gas furnaces for heating ingots, with their charging 
and drawing apparatus. In the centre of the nave 
is the 32-in. three-high blooming train. The bloom 
heating furnaces occupy the remaining central —_ 
the nave. It will be observed that only one-half 
of the nave is occupied; room is left for adding 
another stand of rolls to the blooming train, and for 
erecting another line of gas furnaces. A steam 
hammer for trimming blooms, &c., is placed outside 
the mill at x. The boilers occupy the space o, and 
the producers, standing below the level of the rail- 
way, are thus conveniently situated for firing at p. 
Producers for the other line of furnaces will be 
placed on the side of the mill next these furnaces. 

The three-high 24-in, rail and beam train r, Fig. 1, 
is 120 ft. long, having an engine at each end, so that 
two sets of roughers and finishers may be worked at 
once, and at the required speeds, and so that any 
stand of rolls may be worked by one engine if the 
other is broken, The two transepts at the ends of 
the rail train are reserved for large and small mer- 
chant and special trains. It will be observed that 
the finishing end of the building is very long, so 
that 60 ft. bars can be readily sawn at both ends, 
hot-straightened, cold-straightened, and punched, 
neither operation interfering with the others. 

On the whole the plant is conveniently arranged 
for one which has grown from small beginnings upon 
ground which was purchased from time to time to 
meet the requirements of the business. The more 
important arrangements and details will be further 
described in following articles. 

The sizes of the blast furnaces are given in the 
following Table : 











Furnace. | Height. | Bosh. Hearth. Angle 
ft. ft. ~~ 
No.1 63 15 7 ft.x7 ft. 7 

» 3 70 17 8 ft. x8 ft. 62 

oe 50 14 64 ft. x 6} ft. 72 

» 4 23 8 3 ft. x3 ft. 60 

» 5 70 17 [3ft. Gin. x7 ft. 4in 74 

» 6 70 18 j3ft.6in. x7 ft. 4in. 74 














Furnace No. 3 is known as the “ Northampton 
furnace,” and No. 4 is used for the manufacture of 
spiegeleisen. The furnaces are ail worked with 
closed taps, and No. 5 and No. 6 are provided with 
Lurmann’s closed front, The compound blowing 
engines of No. 6 will be illustrated at a later stage 
in the description of the Bethlehem plant. 

The wma, blast furnace charge, when using a 
50 per cent. ore, is as follows: 
Anthracite . 5200 Ib. 
Limestone varying in quantity from 50 per cent. to 
65 per cent. of the charge of ore, as circumstances 

may require. 

Furnace No, 1 produces 200 tons per week, This 
furnace will be enlarged when next lined up. 

Furnace No. 2 produces 300 tons per week. 

Furnace No, 3 produces 160 tons per week. 

Furnace No. 4 produces 35 tons of 16 per cent. 
spiegeleisen per week. 

Furnace No. 5 produces 350 tons of 16 per cent. 
spiegeleisen per week, 

Furnace No. 6 produces 350 tons of 16 per cent. 
spiegeleisen week. 

The two fast-mentioned furnaces have made as 
much as 400 tonseach per week for weeks together. 

The Bessemer pig iron produced contains from 





0.08 per cent. to 0.10 per cent, of phosphorus, and 


is not too high in silicon. The great variety of ores, 
which are all delivered at the works at low cost, 
affords excellent facilities for the manufacture of 
Bessemer metal by mixing ores, each of which con- 
tains some valuable qualifications. The Bethlehem 
Iron Company’s furnaces are also widely known 
for their excellent foundry iron. 





THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. II. 
By J. CLark JEFFERSON, A.R.S.M., Wh. Sc. 

Tue blast is produced by a couple of horizontal 
blowing engines, which are worked by water 
power, or in case of a deficiency by a portable 
steam engine. There are in all six blast cylinders 
and two water-wheels, the one 17 ft. in diameter 
and the other 15 ft, 8in. in diameter; each water- 
wheel, through the intervention of spur gearing, 
drives a large crank axle, and from each axle, by 
means of three connecting rods, the pistons of the 
three blast cylinders are set in motion. The blast 
cylinders are 40 in. in diameter and 29 in. long. 

The valve slits are } in. wide, and vary in length ; 
the suction valves are situated on the top of the 
cylinder, and the delivery valves beneath the cy- 
linder on the floor. They consist of caoutchouc and 
hempen band, and are stiffened on both sides by 
means of flat sheet iron. The delivery of air from 
each cylinder can be stopped by means of a vertical 
sliding valve. 

The delivery pipes from three cylinders unite and 
form a main piping 23in, in diameter, which is 
carried behind the furnaces, and beneath the floor 
of the smelting-house, From the main piping 
behind each furnace a smaller pipe (10in. in dia- 
meter) rises, and has a strong leather hose fixed to 
the horizontal bend at the top of it. To the loose 
end of the hose a short conical sheet-iron blast pipe 
is attached, which fits loosely in the tuyere into 
which it can thus readily be inserted or withdrawn. 

The pressure of the blast is measured by water 
manometers, which are placed in communication 
with the piping at a —_ distance from the stop 
valve by means of a short tube. The pressure 
usually amounts to from ]}in. to 1} in. in the blast 
engine-house, at the schlieg furnaces it amounts to 
from 3in. to Jin., and at the regulus furnaces 
(Stein-dfen) to gin. 

The capabilities of the blast engines, however, 
have been found to be insufficient to satisfy the 
present requirements of the smelting works ; it has, 
therefore, been arranged to erect a new vertical 
blast engine with high and low-pressure (compound) 
cylinders in the building called the pot house, which 
was formerly used for the desilverisation of lead by 
Pattinson’s, and afterwards by Parke’s process. 

The tuyeres are conical in shape ; the broad base, 
however, is not at right angles to the axis of the 
tuyere (which is inclined downwards towards the 
interior of the furnace), so as to come flush with the 
outside of the brickwork. The tuyeres are made of 
cast iron. In the hollow annular space of the tuyere 
water is caused to circulate to keep the end cool, 
and to prevent it from wearing away so rapidly, the 
water enters at the bottom of the tuyere, and finds 
its exit at the highest point, The heat of the water 
as it flows from the tuyere offers a very good 
criterion of the working of the furnace ; under ordi- 
nary circumstances the water issues from the tuyere 
at a temperature varying between 20 deg. and 40 deg. 
Centigrade (68 deg. to 104 deg. Fahr.) 

The furnaces, which are built detached, have 
the blast piping encircling them at a height of from 
two to three yards above the floor of the smelting- 
house, from which the tuyere pipes descend to 
the level of the tuyere; the arrangement for cool- 
ing the tuyere being the same as just mentioned. 

It might be questioned whether in the process of 
lead smelting, a heating of the blast previous to its 
entrance into the furnace—the introduction of 
which forms such a remarkable epoch in the history 
of iron smelting—would not have an advantageous 
influence in increasing the production of the furnace, 
or lessening the consumption of the fuel. Careful 
trials, however, have hitherto yielded no advanta- 
geous results, 

Usually a hot blast increases too enormonsly the 
temperature of that portion of the hearth where the 
smelting gorson most actively, and since this portion 
of the new furnaces, owing to their contracted si 

is generally quite sufficiently heated, a loss of m 
due to volatlisation follows, which is proportional 
to the increase of the temperature of the hot blast. 





In the experiments which were made at the Claus- 
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FIGS. 1 TO 5 RACHETTE SCHLIEG FURNACE. 


FIGS. 6 TO 10. KAST'S FOUR-TUYERE ROUND FURNACE, 















































Aue. 24, 1877.] 


ENGINEERING, 





141 





thal Smelting Works with the hot blast, it was found 
that the amount of the regulus was thereby greatly 
increased, and the work-lead on the contrary greatly 
diminished. 

It would seem as if the fuel could not be so ad- 
vantageously used, nor spread out in the furnace, as 
when the smelting is less rapidly forced, although 
in the formerease the hot air has not on its first en- 
trance to be heated to the temperature necessary for 
combustion, but enters at once into combination with 
the fuel. The*size of the end of the blast pipe was 
also subjected to trial, and with the existing 
furnaces a diameter of from 2 in. to 24in. has been 
found to be the most suitable. In the older fur- 
naces the waste gases pass out of the mouth of 
the furnace through a large arched furnace hood 
into different timabers where the fume is deposited. 

The eight-tuyere detached furnace, the so-called 


twin furnaces,.as well as Kast’s detached round fur- |’ 


nace, are all provided with an apparatus for carrying 
off the waste . In, the eight-tuyere furnace reo 
consists of a Sheet-iron pipe inserted in Paap ; 
of the mouth.of the furnace, the top of the firnace}) 
being otherwise. unclosed. 

means carried. off into*d 
such arrangements for carrying of the waste gases 
exercise a disadvantageous influence on the working 
of lead furnaces, but are necessary for the.sake of 
the health of the workmen. They might current 
be dispensed with, if’a strong ventila t 
was made t6' sweep thet 


ete te 
house, especially.the (harg Legh aot AM Tete 






DESCRIPTION oF itt SHPCRARORPURNAGES:” ura i 


There are in all fourteen furnaces: of these 
eleven serve for the reduction of the schlieg, two for 
the reduction of the regulus, and one for the concen- 
tration of thé copper.’ With the exception of the two 
detached round furnaces, the rest are built in brick- 
work. For the sake of description we shall class the 
furnaces as schlieg furnaces and régulus furnaces, 


The Schlieg Furnaces.—Of these there are : 


1 twelve-tuyere Rachette furnace built in 

8 of — s four- tuyere round furnaces § brickwork. 

1 eight-tuyere round furnace P 

1 four-tuyere round furnace built detached. 


» The Rachette furnace is rectangular in horizontal 
section; one of the: vertical sections increases in 
width upwards towards the mouth, where it is 1.58 
times the width in the hearth, in the other section 
the sides are parallel. It is the longer sides which 
are inclined, the shorter ones are vertical. The two 
longer sides are each provided with five tuyeres, and 
besides these each end has a so-called breast-tuyere, 
making in all twelve tuyeres. The introduction of 
breast tuyeres has been attended on the whole with 
favourable results at Clausthal, though in general 
they lead to an unequal temperature in different 
parts of the hearth, which itis best to avoid. The 
tuyeres are provided with water circulation to keep 
them cool. The tuyeres, which are inclined down- 
wards towards the hearth, are j in. thick, and the 
eee wel pf end 13 in. in diameter. The tuyeres are 

16 in. apart centre to centre, and the blast is 
Polivered ata pressure of from § in. to} in, with the 
mercary column, 

Each of the shorter’ sides has a fore-wall’ and 
hearth, so that the furnace can be tapped on both 
sides, A campaign* lasts from six to twelve months. 
The longer sides of the furnace slope ually and 
regularly down to the'top of the: hearth, so that the 
surface of the descending charge remains nearly 
horizontal, and any incrustations which may be 
formed are found almost exclusively on the short 
vertical sides, and this occurs more especially if any 
portion of the charge has been introduced ina moist 
state, which, therefore, ought to be avoided. 

In a normal working condition, the furnace smelts 
150 cwt. of ore or 400 cwt. of a charge, with 
50 ewt. of coke during 24 hours, and produces 
about 100 cwt. of lead, and 80 cwt. of regulus. 
Figs. 1, 2, 3, 4 and 5 of the two-page engraving 
which we give this week, show the Rachette furnace 
in front and sectional elevation, i in two cross sections 
and plan, In these figures 


@ represents the shaft of the furnace. 
fore hearth. 

tapping hearth. 
mouth of the furnace. 
fume chambers. 
twelve tuyeres. 

twelve blast pipes. 
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” 


ee aoe 





* The time during which a furnace is in blast until re- 
be blown out for re 


uiring to 
Gommam smelters a campaign. 


lining, &c., is called by the 


The ‘f fume is’ by these} 
ting chambers." “All}*'* 


r+}: it ; 











On referring to Fig. 3 it will be seen that the 
hearth bottom is inclined from the centre downwards 
on both sides toward the tapping hole. This causes 
the tuyeres to be placed in two rows each inclining 
downwards to the two ends’ of the furnace. The 
tuyeres are so arranged in their vertical and hori- 
zontal positions that no two tuyeres come to:be 
exactly opposite, - 

There were o y two Rachette furnaces at 
the smelting rte but as the circular form proved 
itself the most suitable, one of the Rachette furnaces 
was converted. into two round furnaces, the so- 
called twin-furnace. Compared with Kast’s round 
furnace, the Rachette furnace is difficult to regulate, 
and —— more strength on the part of the work- 
men. In consequence of the size of the hearth, the 

temperature is not everywhere the same, and the 
formation of incrustations is favoured. 

Kast’s Four-Tuyere Round Furnaces,—These fur- 
naces have only one breast, and one working ‘side, 
and hence only one tapping hole, Their yield 

is more than that of a Rachette furnace, 
although they are only half the size, so that their 
yield is comparatively greater; they only require 
two workmen, a smelter and a ‘charger, whilst the 
Rachette furnace on account of its size, and having 
two tapping holes, requires four workmen, 

These furnaces are nearly all of the same dimen- 
sions ; they are built as hearth furnaces, and are, as 
their name indicates, circular ‘in horizontal section, 
the | enlarging upwards to the mouth of the furnace. 
Figs. 6,7, 8, 9, and 10 of our two-page engraving 
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on, the sides of the furnace, and this occasions fewer 
incrustations and an; uninterrupted vt nit and 
hence naturally follows a longer cam: 

The formation of lead fume, whi as .. first 
very considerable, graduall decreased rom 8 pes 
cont, tn'91. ar ofa ad then So De on gentsnna 

in 
part of the ahats a diameter of § £6, the amount dos 
creased ‘to 1.) per cent, ;. which nee, 
nearly to the production of fume in 
furnace. The consumption of coke likewise de- 
creased according, to-the size of the npger pares 
of the shaft, from 49.39 owt, per 100 owt, ore to 
41,85 ewt,,-and then to.41.74 and 41.62 cwt., whilst 
under similar’ circumstances the co: with 
the Ratchette furnace amounted to 44,30 cwt. of 
coke per 100 cwt, of ore, 

The time occupied in the smelting of 100. cwt. of 
ore including the preparation of the charge yes 
from 34} to 364 hours with the round f 
463 hours with the Ratchette furnace; the 
thus occupied are relatively as 3 to 4. "In the ex- 
perimental trials in 1871 two such furnaces smelted 
a 400 ewt. charge in 24 hours, containing 134 cwt. 
of ore, whilst with the Rachette furnace a 
of 300 cwt, containing 103 cwt. of ore required 
same time for smelting. 

The use of a breast tuyere pees Se 9) 

tisfactory : 


was tried experimentally but found unsa' 

it seemed as if the eregular  dlopoiltig’ “Qh the - 
tuyere (causing an irregular e 
yess). conan’ an inequality of heat in the 
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smelting zone, and a consequent irregularity in the 
working. 

The number of these round furnaces amounts at 
present to eight, but there is every probability that 
when the railway to Clausthal is completed the 
number will be increased. 





THE PENNSYLVANIA RAILROAD. 
No. XXX1V.—Locomotives—(continued). 
Turotrte LEveR AND Strurrina-Box, Ciass “ C” 
ENGINES. 

Tue throttle lever of the Class “‘C” engine is 
placed at the back end of the boiler, to which it is 
attached by a link pinned at one end to the lever, 
and at the other to a jaw screwed into the boiler 
plate, On the end of the rod which passes through 
the stuffing box to the equilibrium throttle valve, a 
jaw is fastened having a toothed segment cast with 
it; this jaw has a a passing through it and the 
lever. An oblong hole is cut in the lever near the 











carrying the cab lamp is bolted upon the bridge 


EIGHT-HORSE AGRICULTURAL LOCOMOTIVE. 
CONSTRUCTED BY MESSRS. WALLIS AND STEEVENS, ENGINEERS, BASINGSTOKE. 


(For Description, see Page 144.) 





pipe as well as the stand carrying the steam gauge, 
while on the top is formed a recess to hold the 
tallow can. On the top of the steam dome are 
placed two safety valves, one a Richardson and 
the other a common valve, held down by a spring 
balance, the lower end of which is attached to 
a lever furnished with a catch, working into a 
ratchet on the steam gauge stand, and thus 


| enabling the driver to ease the valves, and reduce 


the steam pressure whenever it is found necessary. 
The steam gauge stand also carries the pressure 
gauge for the Westinghouse air brake. 


Bripce Pire AND Revier Gear ror “I” ENGInes. 

The general arrangement of bridge pipe is very 
similar to that just described for the ‘‘ C” engines, 
but on account of the peculiar form of the firebox 
shell it was necessary to carry the rod of the throttle 
lever through the pipe leading to the bridge casting, 
and through the latter also, to which the throttle 


toothed segment, and this hole acts as a ae for a | lever is attached, instead of to the boiler (Figs. 63 


toothed block forming the catch, which is 
from the teeth of the segment by the rod leading to 


ngaged | and 67). On account also of the long distance 


between the steam dome and the foot-plate, the relief 


the handle at the end of the lever. The short end | gear is modified, and the rack for the catch on the 
of the lever is dropped below the valve rod, so as to | lever is attached to the cab, instead of being placed 
bring the handle to a convenient height for the | on the steam gauge stand (Figs. 63, 65, and 66). 


driver. The stuffing box only 


uires notice from | On the bridge pipe are the usual fittings, and 


the fact that the joint between it and the boiler | in addition there is a steam pipe leading from 


is a ground ball joint, It is fastened by four studs, | the end of the bridge pi 


two of which are prolonged through the flange of 
the gland for the purpose of screwing the latter up. 
Briper Pire AND Revier Gear For “‘ Q” ENGINEs. 
Inside the driver’s cab is placed a box-shaped 
casting called the bridge pipe, the object of which 
is to avoid cutting a number of holes in the boiler 


| 





| 
j 


| 


. 


for the various cocks and fittings. ‘The bridge Pipe 
e 


receives dry steam from a wrought-iron tu 

extendin pee to the top of the steam dome, 
and on the sides of the bridge pipe the following 
cocks are placed: Two tallow cocks for lubricating 
the cylinders, the pipes from these cocks being laid 
under the boiler casing ; one steam injector cock ; 
one steam cock for the pump of the air brakes; one 
heater cock for the feed pump suction pipe and for 
the tank ; and one blower cock, the pipe for which 


ia also laid under the boiler casing. A bracket | the boiler is of wrought iron 6 in. in diameter, and, 








to the top of the gauge 
cock column. These details are shown clearly 
in Figs. 63 and 64. The pipe leading to the gauge 
cock is also used to drain the bridge pipe. Close to 
the back end of the boiler and on the top of the 
firebox shell, the gauge cock column is bolted, with 
a communication through the plate into the water 
pace. The gauge cocks are placed in this column, 
as well as the glass water gauge, while on one side 
is the drip pipe leading the water off from the gauge 
cocks, The upper end of the column is connected 
by a pipe with the steam space of the boiler, as 
shown in Figs, 68 and 69, so as to maintain the 
water in the column at its proper level. 


Sream Pires, ADMISSION VALVE, AND EXHAUstT. 
Figs. 70 to 82 are details of the steam pipes, 
admission valve, and exhaust. The former within 











as shown in Fig. 52 on our two-page engraving of 
last week, the general view of the boiler is 110§ in. 
long. Over the firebox, and extending some dis- 
tance beyond it, is a cast-iron pipe, over one end 
of which the wrought-iron pipe is passed and 
secured by a sleeve 6 in. long, of copper, and two 
wrought-iron rings 2 in. wide and 4 in, thick. The 
other extremity of the pipe terminates in a partially 
_—— end with an opening 5 in. in diameter at 
the top, as shown in Figs. 71 and 72. In this 
opening the upright cast-iron pipe, 5 in. internal 
diameter, is fitted with a spherical ground joint. 
This pipe is shown in Figs. 70, 76, 77, and 78. 
It passes up into the steam dome, and is held in 
place by astay 3 in. wide and 3} in. thick, rivetted 
to the sides of the dome,‘and connected to the pipe 
by two pins 1} in. in diameter passing through lugs 
in the pipe, and held in place by keys. This pipe is 
kept in position by a strap bolt 1? in. wide and 4 in. 
thick passing around the spherical part of the hori- 
zontal pipe, and through the flanges of the latter 
and the vertical pipe, and tightened by keys. The 
top of the upright pipe terminates in a flange, and 
to this is keyed (see Fig. 70) the top of the steam 
pipe, containing the seats for the admission valve. 
By reference to Fig. 70 it will be seen that this 
pipe is curved, and terminates by a square neck 
(see section on C, D, Fig. 73) in a box 64 in. long 
aud 4 in, deep, containing in its upper and lower faces 
the valve seats 5} in. and 5 in. in diameter respec- 
tively. The valve is shown in Fig. 70. From this 
figure it will be seen that the upper part is 53 in., and 
the lower 5 in. in their largest diameters. The stem 
of the valve is 2}in. in diameter, with a hole]? in. in 
diameter passing through it. There are four wings 
to each valve measuring 5} in. and 5 in. across 
respectively, and 1} in. deep. The wings are 
notched under the lowest bearing surface of the 
valves, as shown. ‘The rod panne through the 
valve stem is ]} in. in diameter, re uced to jin. 
at the top, through which a collar is driven, while 
a shoulder is formed on the rod underneath the 
valve, as shown. It will be noticed thata clearan ce 
of 4 in. below the valve and 3 in. above it is given. 
The lower part of the rod, which is 1} in. in dia- 
meter, is 203 in. long. It terminates in a forked 
end, attached to a bell crank, the arms of which are 
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THE PENNSYLVANIA RAILROAD: LOCOMOTIVE DETAILS. 





















































respectively 34 in. and 84 in. long. This bell crank 
turns on a pin passing through a pair of lugs cast on 
the upright portion of the steam pipe. In engines 
of the F class the arrangement is somewhat modi- 
fied. The valve — being considerably shortened, 
and the bell crank attached to lugs cast on the pipe 
6} in. below the top flange, as shownin dotted lines. * 
Figs. 75 & 82 is shown the opposite end of the wrought 
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iron steam pipe, its connexion with the two branches 
passing through the smokebox to the valve chests 
of the cylinders, and these branches themselves, 
The end of the wrought-iron pipe enters a cast-iron 
nipple, passing through a countersunk hole in the 
smokebox plate, and formed with a spherical seating 
atthe outer end, On the inner side of the smoke- 
box plate ig a cast-iron ring, 133 in. in diameter and 





1}in. thick, to which the T-piece seat bearing on 
the spherical seating of the nipple is secured by 
stud bolts, as shown in Fig. 70. There are four 
of these stud bolts 1} in. in diameter, passing through 
holes in a square flange of the T-piece as seen in 
Fig. 82, which shows the form and dimensions of 
the branches, and the position they occupy in the 
smokebox. It will be noticed that both at their 
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union with the T-piece and the valve chests of the 
cylinder, brass rings are introduced to make the 
joints. Figs.79, 80 and 81, are different views of 
the exhaust nozzle. It is a tapered casting 10 in. 
deep, and divided into two chambers by a central 
partition. These chambers are 7 in. wide at the base, 
and measure each 3}in. by 2} in. at the top. The 
exhaust nozzle is formed in two parts, a cap 4in. 
deep being bolted on to the base as shown. 


Tue Ricuarpson Sarety VALVE. 

The Richardson safety valve is shown in Figs. 83 
and 84. The two holding-down bolts are screwed 
into the top of the steam dome. They are } in. in 
diameter and are placed 5} in. apart. A crosshead 
# in. thick, and 1} in. deep in the middle is placed 
over the heads of the bolts, and rests on tubes 1, in. 
in diameter, which are placed over the bolts. Nuts 
and lock nuts keep the crosshead in place, The 
valve case is of gun-metal 3} in. outside diameter, 
and the top is recessed all round with a groove ¥, in. 
deep. The valve measures 2} in. across the wings, 
and is extended above the seat by a - 37% in. out- 
side diameter, the outer edge descending into the 
groove around the valve case already mentioned. 
In the centre of the valve is a hollow stem } in. out- 
side and $ in. inside diameter, 3}, in. deep and 2, in. 
deep inside. The bottom of this hollow is coned, 
and the pointed end of the valve rod rests upon it, 
This rod is 3 in, in diameter for a length of 2y, in., 
when it is enlarged by a coller and a disc 2f in. in 
diameter. Above this disc the rod is extended for a 
distance of 2y; in. and a diameter of }in., from 
which point it contracts to 3 in. and passes through 
the guide made in the centre of the crosshead. Be- 
tween the disc on thespindle and thecrosshead, where 
a corresponding disc is added, a spiral spring, 
24 in. in diameter and of ~ ke section § in, deep 
by #iin. wide, is interposed. The tension of this 
spring can be adjusted by means of the nuts on the 
ends of the bolts passing through the crosshead. 


Sanp Box anpD Distripuror. 

The standard sand box and the arrangement of 
distributing the sand is shown in Figs. 85 to 88. It 
consists of a cylindrical sheet iron body 4 in. thick, 
2 ft. 3 in, in diameter, and 19% in, high, with an 
ornamental cap and base of cast iron as shown. In 
the middle of the cap is placed a loose cover || 4 in. 
in diameter, and in the base, the lower side of which is 
curved to sit on the barrel of the boiler, are two open- 
ings, one on each side, and |} in. in diameter, around 
which the end flanges of the sand pipes are bolted, 
The bottom of the cast-iron base is formed with a 
cone rising 4} in, in the centre to facilitate the fall- 
ing of thesand to the openings. In the centre of this 
cone is a screwed pin ibin, in diameter, which forms 
the axis of a double-toothed sector 6} in. radius to 
the face of the teeth. There are six teeth in each 
sector as shown. On one side is cast a socket bear- 
ing 3 in. long and 1} in. wide, with two }-in. bolt 
holes, and to it is secured a lever 11,% in. long, 
the outer end of which projects outside the sand 
box, ‘The position of this sector is shown in Fig. 
88, where it will be seen to be placed under the 
bottom, a slot being formed in the cast-iron base 
through which the lever projects. Motion is given 
to this latter, and through it to the sector, by a rod 
attached to its outer end, and carried back to the foot- 
plate. The range of its travel is indicated by dotted 
lines, Gearing into the double sector are two 
smaller sectors turning on centres 9yyin. on each side 
of the centre of the sand box. Each of them is keyed 
to a pin ]} in. in diameter, and 5,9, in, long, placed 
in a hole in the bottom of the sand box. Upon tlie 
same pin, and so placed as to cover the sand exit, is 
a plate or slide 3} in. long, and the pin is extended 
upwards for 2}in. as shown. ‘Through this ex- 
tension two rods ,. in, in diameter and 2} in. long 
are passed, one ] in. above the other, and at right 
angles to one another. These rods act as stirrers 
and agitate the sand when the apparatus is in work. 
The operation will be at once understood from the 
foregoing description. By moving the double sec- 
tor to and fro, the slides over the sand exit are 
caused to travel, exposing the openings, or closing 
them at will, 


WHISTLE, 

The standard steam whistle for passenger engines 
on the Pennsylvania Railroad is shown in Figs. 89 
and 90. As will be seen it is rather a formidable 
instrument, producing sounds of a very different 
character from those familiar in this country, It 
consists of a brass base 2} iv. in diameter and }} in. 
bore, with the lower end screwed for attachment to 


the boiler, and the bottom coned out to form a seat 
forthe valve. The top of this base or stem is also 
screwed to receive the upper part. Upona shoulder 
near the top rests the cup, 53 in. in diameter outside 
at the top, and ¥ in. thick on the upper edge. The 
height from the bottom of the stem to the top of 
the cup is 114 in., the height of the cup itself is 3 in. 
Screwed on to the top of the stem is a socket carry- 
ing four arms which support the dise covering the 
top of the cup. This disc is 5} in. in diameter, so 
that a clear space of yin. is left between the peri- 
phery of the disc and the inside of the cup. On 
the upper side of the disc commences the top stem 
of the instrument, formed at first hexagonally, 1% in. 
wide and 1} in. deep. Above this the stem 
is round, 1g in. in diameter for a height of 2}in., 
1, in. in diameter for 9} in., and 14 in. in diameter 
for the remainder of its length, 4} in., the latter 
section being screwed. This stem is hollow through- 
out, the internal diameter being {, in. The bell is 
screwed on to the upper part, as shown. The 
cylindrical portion is 11 in. high, 5} in. inside diameter, 
and the thickness of the metal is ¥; in. The cap is 
also #; in. thick, except near the top, and it fits 
within the cylinder to which it is rivetted and brazed. 
The height of the cap is 27 in. to the underside of 
the nut on top. Inside, the cap is 2¢in. high. 
Above the cap is screwed a brass bracket 1} in. in 
diameter and ]}in. high, carrying on one side an arm, 
the centre of which is 1$ in. beyond the centre line of 
the whistle. A vertical spindle } in, in diameter 
traverses the whole of the instrument, terminating 
at the bottom in the valve, which seats on the bottom 
of the stem as above mentioned, and at the top in a 
square block }in. by #in. by lfin., and slotted 
through, as shown, to receive the end of the actuating 
lever. The valve at the bottom, shown also in 
section, is of brass ]} in. in diameter and # in. deep, 
attached to the end of the spindle, which is reduced 
to 7; in. diameter for the depth of the valve, and 
keptin place by a nut. On the bracket before 
mentioned is hung a bent lever of the form shown, 
terminating in an open eye, the centre of which is 
7} in, from the centre of the whistle. At the upper 
end the lever is prolonged to enter the slot in the 
square head of the spindle, the end of the lever 
being rounded off intoa circle j in, in diameter, 








WALLIS AND STEEVENS’ AGRICULTURAL 
LOCOMOTIVE. 

WE give this week on page 142 an engraving of an 
eight horse power agricultural locomotive, constructed 
by Messrs. Wallis and Steevens, of Basingstoke. Al- 
though there are embodied in the design of this engine 
no great novelties yet care has been bestowed on its 
arrangement, and it has been endeavoured to produce an 
engine that shall be substantial andin which all details 
shall be easily accessible. 

The cylinder, which is thoroughly steam-jacketted as 
well as protected by lagging, has an ample bearing on 
the boiler barrel, to which it is firmly bolted. Two 
safety valves are placed on the top of the cylinder, in 
communication with the jacket, one lock-up screwed 
down to blow off at 150 1b. pressure and fitted with 
easing lever, and one spring-balance. The crankshaft 
brackets consist of two wrought-iron side plates } in. 
thick fixed to the boiler barrel, and to which the main 
bearings are secured, these plates being stiffened side- 
ways by flanged cross plates back and front rivetted to 
them. The crankshaft main bearings are fitted with 
wedge-motion horizontal adjustment instead of the side 
set screws that are very commonly used, The main axle 
and countershaft have carriages bolted to hornplates, 
which are prolongations of the firebox sides, in the usual 
manner. Theso plates are § in. thick, and the carriages 
have bosses projecting through them so as to relieve the 
strain on the bolts. 

An efficient damper is fixed in the chimney base below 
the exhaust nozzle, this damper being capable of regula- 
tion from the footplate for preventing the smoke nuisance 
when passing through towns, &c. The engine is fitted 
with’ two speeds, with throwing-out lever and quadrant 
as shown; the driving pinions and clutch and the spur 
gear being of malleable iron. 

The steering barrel has a disc cast on it at each end 
for the attachment of the steering chains; the chains are 
crossed. The steerage is worked from the footplate. 
This engine was not fitted with compensating gear, as 
many buyers object to it and prefer the less complicated 
driving pins, but provision has been made for applying 
this gear when required. A powerful screw brake is 
applied. One special feature consists in the off side of 
the tender being cut away as shown, having handles on 
each side and steps for facilitating the access to the foot- 

late. 

: The fore carriage is all of iron with ball-and-socket 
joint. The smokebox door is fastened by a central cam 


door up close to the face of the smokebox. The casing 
over the second motion gearing is not shown on the 
general view. The following are the principal dimen- 
sions of the engine: 

Diameter of cylinder, 93 in. 

Length of stroke, 12 in. 

Diameter of crank shaft, 3} in. 

Diameter of flywheel, 4 ft. 

Speed of governors, 175 revolutions per minute. 

Speed of engine, 155 revolutions per minute. 

Slow speed driving pinion, 12 teeth. 

Quick speed driving pinion, 20 teeth. 

Slow speed wheel on countershaft, 66 teeth. 

Quick speed wheel on countershaft, 58 teeth. 

Spur pinion on countershaft, 13 teeth. 

Spur wheel on main axle, 52 teeth. 

Driving wheels, 5 ft. 6 in. in diameter by 16 in. on face. 

Leading wheels, 3 ft. Gin. in diameter by 9§ in. on face. 

Main axle, 5in. in diameter. 

Countershaft, 3} in. in diameter. 

Front axle, 3} in. in diameter. 

Slow travelling speed, 1.32 miles per hour. 

Quick travelling speed, 2.64 miles per hour. 

Maximum working steam pressure, 150 lb. per sqr. inch. 

Boiler tested by hydraulic pressure to 250 Ib. per sqr. in. 

Grate area, 6.5 square feet. 

Total heating surface, 150 square feet. 

Amount of coal carried, 10 cwt. 

Amount of water carried, 140 gallons. 


TRANSVERSE STRENGTH OF BEAMS. 
To THE EpITOR oF ENGINEERING. 

Srr,—In connexion with the discussion which has re- 
cently appeared in your columns upon Mr. D. K. Clark’s 
theory of resistance of materials to transverse stress, I beg 
leave to call your attention to a similar theory—not, how- 
ever, containing ‘‘ diagonal resistance’’—which I framed 
some two years ago. It was at the time communicated by 
Professor R. H. Thurston to the American Society of Civil 
Engineers, in the following words :* 

**The assumption that resistances vary each way from 
the neutral surface proportionally with their distance from 
that surface, is when coupled with a rejected hypothesis of 
Navier, nevertheless, not far from the truth in special 
cases, as may be shown by proper mathematical treatment 
and comparison with results obtained experimentally. 

Mr. William Kent made this comparison for cast and 
wrought-iron and for ash. The results of analysis and of 
experiment give the following values of the R in the ordi- 
nary formula : 

D? ; @ 


M=} RB . 7 
for a beam fixed at one end, loaded at the other : 
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_ | Cast Iron. | Wrought Iron, Ash. 


R—(theoretical) ...! 32,280 | 60,000 
R—(experimental | 35,000 60,000 
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This remarkable approximation is thus derived. Suppose 
a fixed beam with loaded extremity, the force P being 
a measure of the weight W, and the beam having a 
depth D, a breadth unity, and a neutral surface situated 





“7. 


at adistance Y from the superior surface of the beam. 
Representing the resistances graphically by the triangles 
TN, CN; their measures in tension and compression.are 
respectively} T N,} CN, and their moments are} TN 
x} Y=} TY*, and} C Nx 3 (D—Y)=},C(D-Y)?. An 
early hypothesis of Navier, which seems to have been 
entirely abandoned by him subsequently, and which has 
not been accepted by subsequent writers on the subject, 
make these moments equal. Assuming this to be correct, 

T Y*=C (D-Y)? ‘ (2) 


2 

am a cry 
T (D—yY) 

and, from this expression, we may find the position of the 
neutral surface, as determined by the assumed conditions. 
Then, letting B—the breadth of the beam, 
W L=} B[T Y?+C (D—Y)?]=}RB D?. (4) 
in which latter expression R is the modulus of rupture, and 
its value can be found when C and T are known. It will 
always be of a value intermediate between T and C. 
The following are the data and results for the three cases 
taken: the results are well worthy of examination and 
record. 


and 
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| | 
Cast iron ensue lente 1} 1) 1/0.71 0.29 | 5,380|32,280 
Wrought } | 
iron _ ... 60,000 |60,000, 1) 1) 10.5 (0.5 10,000 }60,000 
Ash timber 17,200 | ened 1 1 5s mies Mead 2,020/12,120 
| { 


In Van Nostrand’s Eclectic Engineering Magazine for 


* Transactions of the American Society of Civil En- 
gineers, vol iv., 287. Dubois’s translation of Wey- 

















working three bolts, which when driven tight draw the 


rauch, Professor Thurston’s appendix, p. 202. 
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August, Mr. John D. Crehore gives a similar formula 
which he has deduced independently, together with « com- 
parison of the theoretical value of transverse strength, as 
derived from his formula, with the results obtained by 
various well-known English and other experimenters on 
cast iron, wrought iron, steel, wood, andstone. Fifty-four 
such comparisons are given, and they show a more general 
coincidence or agreement of the theory with experiment 
than do those given by Mr. Clark in his ‘‘ Manual.” 

Wiiuiam Kent. 

Pittsburgh, Pa., August 7, 1877. 








STOPPING STAY TUBES OF BOILERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—I enclose you a sketch of a stay bar and stopper 
for stay tubes, when they become leaky, in the tube, not 
tube plate. Some have been in use over a year, and they 
have proved a perfect success. There is nothing new about 
the bar or stopper, and perhaps some other engineer may 
have used an india-rubber washer before in the same way. 
However, the india-rubber washer is the chief cause of the 
thing answering so well : it is cut to fit tight into the tube, 
and also over the bar, then it is put in, and the stopper 
after. When screwing up the nuts care must be taken not 
to screw up too tight ; just up to a bearing will do. My 


| 
eI 





reason for not screwing up tight is this: when the 
boilers are lighted up, all the tubes through which 
the smoke is passing get hotter than the water, and the 
blocked up stay tube can never become quite so hot 
as the others. Naturally enough the stay bar in the 
tube will be some time before it becomes as hot as 
the water in the boiler. If screwed up very tight it would 
exert a strain on the tube plates sufficient to make the 
tubes around leak while getting up steam. 

I may mention that I cut the washer out of air pump 
valves which have become too thick through using Crane’s 
cil. This may not be worth a placein ENGINEERING, but 
if it is, use it. 3 


CONTINUOUS GIRDERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—I am sorry to see a controversy on continuous 
girders brought up again in your paper, and I must express 
my astonishment that the writer of the article signed 
‘*B.B.,’”’ or any correspondent who was at all acquainted 
with the theory of continuous girders, should in any way 
support the adoption of them in practice ; the theory in con- 
nexion with them is very beautiful, but in practice they 
are very dangerous things to put into the hands of amateur 
girder designers, and with your permission, I should like 
to mention one or two instances of what I mean. 

Some ten years since I was passing through Soho- 
square, and happened to meet a builder whom I knew, and 
who was erecting some warehouses; he kindly invited me 
over the works, and was’glad to have met me as he had a 
curiosity to show me—a continuous girder of cast iron over 
two spans, resting on columns in the centre. 

So when I saw this curiosity, I said to my friend Smith, 
ve Why you have got your girder upside down ; you have got 
the big flange downwards when you ought to have the big 
flange at the top ;” at which he felt very much annoyed, and 
said he thought that I would have given him some friendly 
advice. ‘‘ Well,” I said, ‘either turn your girder upside 
down or cut it in two over the columns, and you will have 
amuch stronger girder.’’ Of course he thought I was not 
speaking in earnest. 

However I explained to him that the strain over the pier 
was to the greatest strain in either span as 16 is to 9 with 
a uniform load, and that as the strains in the flanges at 
points immediately over each other were equal and oppo- 
site in their nature, that is one being in tension and the 
other in compression, the amounts being the same, the 
tension being in the top flange for a considerable distance 
over the columns and in the bottom flange in the spans: 
and as cast-iron would bear something like six times the 
amount of strain in compression, that it would in tension, 
that he ought to have the greatest amount of material 
where the greatest amount of tension occurred, whereas 
he had got just the reverse, for over the pier where the 
strain was nearly double what it was in the spans, he had 
got only about one-sixth of the metal in the top flange 
over the pier than he had in the bottom flange in the 
Spans, and consequently it was very likely that the girders 
would break in two over the pier and save him the trouble 

S ating them. I left my friend, and what he did I don’t 
Ww. 

A similar case occurred some thirty years ago in a 
bridge at Gateshead which was composed of three 
main girders, the transoms being of cast iron, con- 
tinuous over the two spans, and suspended underneath 
the main girders; in this case, as in the Soho ware- 
house, the smaller section was at] the top, and on examin- 
26 these transoms I foundthat several of them were actually 

roken in the top flange (as probably my friend Smith’s 








wrought-iron transoms. I am not aware who the author of 
this design was, but of course continuous girders in those 
days were little understood, and I might say the same up 
to this day, with very few exceptions, and in fact I question 
whether any one does, even with the aid of Mr. Bresse’s 
1200 formulz noted by “‘ B. B.”’ 

Some years agolI saw in an engineer’s office a bridge 
designer getting out the strains of a continuous girder, 
and over one of the piers he had the moment on one 
side. I forget the exact figures, but say something like 
1450 on one side and 1350 on the other; Iam sure the dif- 
ference was quite as at. I asked him how this could 
possibly be, and told him that the moments on each side 
must be equal, which puzzled him, as he thought it would 
entirely depend upon the spans. I told him of course the 
moments would vary as the spans varied, but they would 
always be equal on either side of the pier. 

I could mention many other ridiculous ideas as to con- 
tinuous girders, and unless a person really understands some- 
awe of the nature of them, they should not attempt to use 
them. 

Now what becomes of the theory of continuous girders 
when built upon shaky foundations; take the case of the 
Tay Bridge for instance, where the girders are continuous 
over two spans and the piers resting on sunken wooden 
platforms. In my opinion nothing could be more ridiculous, 
for the whole theory of continuous girders is based on the 
assumption that the piers on which the girders rest are 
immovable, not that the bearings on the piers must 
necessarily be horizontal as stated by your —— 
“A. O. B.,” but that they do not sink after the 
scaffolding is removed, for if any one pier sinks more than 
another the calculation would have to be modified ; but the 
girder having been built and erected, and some piers sunk 
more than others, it is too late then to modify the calcula- 
tion. You must ask your pier how much it is going to 
sink beforehand, so that you should be prepared for it, for 
it is no use locking the stable door after the horse is stolen. 
This fact my friends Mr. Edwin Clark and Dr. Pole were 
aware of, when they allowed the abutment end of the short 
span girder in the Britannia Bridge to sink so far and no 
farther ; and I may add, that girders on the bow and string 
principle could be made with the same amount of material, 
allowing the same strain per square inch of section. 

I see that Mr. Charles Bender has noticed the probability 
of some piers sinking more than others, giving the results 
in a certain case with these words: ‘‘ Continuous girders 
badly built or erected may be subjected to much greater 
stresses than contemplated in the case of a continuous 
beam of 200 ft. span, 1 in. difference in level of bedplate of 
a pier increasing the strain 16 per cent.’’ I need hardly 
remark that the above is very indefinite, the number of 
spans should have been given and the depth of the girder, 
for the percentage would alter with a different number of 
spans, and also with the depth of the girder, and I presume 
Mr. Bender means the pier to have sunk this 1 in., and not 
built so (vide Minutes of Institution of Civil Engineering, 
vol. xlvi., page 282). 
=I can mention another instance—the high level bridge at 
Brixton, where the girders are continuous, and actually 
bent horizontally at an angle over the pier. Just fancy the 
tendency for these flanges to straighten, the top flanges in 
one direction and the bottom ones in another; had the 
bends taken place at the points of contra-flexure this would 
have not mattered, for it agrees with theory, and you can 
make a continuous girder as zig-zag horizontally as you 
think proper, so long as you allow the bends to take 
place at the point of contra-flexure.. I could men- 
tion many other cases, and I have no doubt that the 
tricks played with girders, particularly continuous ones, 
wo very innumerable; of course the structure 
feels the effects of these tricks, although the authors 
of the designs are not aware of them, and I should 
be glad if any of your correspondents have come across 
any of the curiosities they would place them on record. I 
am sorry to say that I believe the theory is very imper- 
fectly understood by the majority and known only toa 
few, and I believe this is owing to the absence of diagrams 
showing graphically the relation between the web and 
flange, diagrams which I believe have never been produced, 
indeed I have never seen any diagrams showing the web 
and flanges combined, and with your permission I will on 
some future occasion give some illustrations of this relation. 
Iagree with ‘ B. B.,” that it is really of no practical 
value for the mathematician to devote so much of his 
time in solving these problems, because they never can 
come to anything definite, in assisting us in designing 
girders, more than is known by Heppel’s formula for beams 
of uniform section, although of course after the calcula- 
tions are made, we actually build up the girder as wide 
apart from that as it is possible. But these processes re- 
peated, give very accurate results, and the greatest harm 
done by this inaccuracy is only to slightly increase the 
initial strain in some places and diminish it in others, and 
therefore I do not see why your correspondent resorts to 
his straight-grained well seasoned bit of timber, and I really 
think that ont to have given these hard-working 
mathematicians some little credit, for they have done a 
great deal for the profession with but I am afraid very 
little remuneration. 

On many occasions I pointed out to the late Mr. Heppel 
the difficulties we had to contend with in theorising upon 
continuous; girders, and that we never would attain the 
object; we were seeking for, as we always assume in 
theory a beam of uniform section, and when we have 
made our calculations, we have ,then to make the 
beam of a different shape altogether, the curves due to 
the deflections in the first case being arcs of parabolas, 
and in the second case ares of circles, but I believe some 
years after the time I am speaking, Mr. Heppel read a 
paper before the Royal Society, in which the varying sec- 





are) close up to the suspending bolt, the girders holding on 
by the shearing force of the bottom ce. only, and had 
been so for some time, but they are now replaced by 


tions of the flanges were taken into account, but in practice 


The same difficulty occurs in the theory of rigid ribs in 
roofs and arches, for the designer of these nation makes 
the identical, and this would be correct were the 
curve of pressure to coincide with a line exactly midway 
between these flanges, but this rarely occurs unjess the 
rib is specially designed to fulfil these conditions; but 
when the curve of pressure varies from this line, the ma- 
thematician tells you that the flange towards which this 
line approaches must be increased and the other diminished ; 
you do this, and by doing so you shift the line passing 
through the centre of gravity towards the larger flange, a 
new calculation is made, when you make further altera- 
tions in your theoretical sections ; but this will not do in 
practice, for in many cases it neopes that one flange of a 
rib is actually in tension, although by crazy writers on the 
subject the rib is supposed to be in general compression 
throughout more or less, and is distinctly said to be so in 
their writings; bow these mathematicians could have 
reasoned on such data is a puzzle to me; they must have 
worked very hard, and they certainly could not have had a 
clear notion of what they were doing. 

The late Professor Rankine, in a paper published in The 
Engineer of January the 3rd, 1868, upon arched ribs, gives 
a diagram consisting of two verticals, on the top of these 
verticals he places two quarters of a circle, and between these 
two quarters of a circle he places a horizontal straight piece 
and this he reasons upon as acting asan arch. I nee 
hardly remark that this is in no sense of the word an arch, 
and how he could reason from such a diagram I cannot 
understand ; but the greatest mistake they have one and all 
made (vide Minutes of Institution of Civil Engineers, vol. 
xxxiii.) was in assunming a neutral line to exist in the rib, as 
in a girder, instead of ascertaining if there was such a thing 
(vide vol. cited above, page 148). Why they wanted to 
assume a neutral line I cannot imagine, cause on 
this assumption the whole theory is based on a fallacy. 
The line they assume to be the neutral line is the line of 
centre of gravity of all the cross sections, and not a neutral 
at all, as is the case in a girder where the neutral line 
divides the extended parts from the compressed parts 
which is not the case in an arched rib. Unless one should 
occur by reason of the curve of equilibriumalying too far 
away from the line of centre of gravity (not neutral line) 
of the cross section at that point in the rib. 

Now this happens to be the case in an iron arched bridge 
over the Rhine, investigated by M. Gaudard (see Minutes of 
Proceedings, vol. xxxi., p. 113), in which he distinctly states 
that at a point in the outer flange of the rib the tension is 
1,855,100 kilos. per square metre, and in the inside flange 
the compression is 7,676,100, therefore there must be a 
neutral line between these two points, and it is very curious 
that Mr. Gaudard never attempted to discover this line nor 
ever alluded to it, but — stuck to the idea of the 
neutral line being in the centre of gravity of the cross 
section. How this was reasoned upon is a mystery, and 
yet the results came out all right. I may state here that 
when tension does occur in a rigid rib, that the amount of 
compression in the compressed part is so much greater 
than it would be had the curve of equilibrium coincided with 
the centre of gravity of the cross section when the flanges 
are equal, to the extent of the amount of tension in the ex- 
tended part, plus the amount of compression taken out of 
the flange helene tension began; that is if in the former 
case the amount of compression in either flange was, say, 
100 tons, and in the latter case that there was 50 tons of 
tension strain in one of the flanges it would be 100 + 100 + 50 
=250 tons; had there been neither tension nor compres- 
sion in one of the —— the compression in the other 
would be simply doubled. 

Now if the rib be assumed to be of a regular figure of, 
say, 12in. wide by 1 in. thick, the additions under which 
the ri} suffers is fully explained in the Minutes of the In- 
stitute of Civil Engineers, vol. xxxiii., pages 91 to 95. 
I hope you will not consider my letter too long, and I 
believe that I have written enough to show that our 
mathematicians and others labour under very fallacious 
notions, and in many case an utter absence of what in 
common parlance is called common sense. 

Wiiu1am H. Brpper. 
Victoria-street, Westminster. 





ANvust1aAn Rartway.—Rapid progress is being made with 
a line which the Viceroy of Egypt is constructing in Nubia. 
The first section from Wade-Calfah to Sigyaya has just 
been opened for traffic. 





NewiHampsuHiRz.—A raised map of New Hampshire has 
just been completed. It is constructed on a scale of Lin. 
to the mile, and it is about 15 ft. long by 8ft. wide. The 
height of the elevation is on a scale of lin. per 1000 ft. 
The map is made of pine and bass wood, and it shows all 
the important streams, lakes, hills, mountains, town and 
country lines, railroads, &c. 





MELBOURNE HAarsour Trust.—A Melbourne Harbour 
Trust has been organised. The works committee of the trust 
has been instructed to ascertain whether the description of 
dredges uired by the trust can be constructed in 
Victoria. In the event of the committee reporting to the 
contrary, two powerful dredges will be ordered either in 
Europe or America. 





Lieut Sree, STEAMERS FOR CENTRAL AFRICA.— 
Colonel Gordon, Governor-General of Upper Egypt, has 
entered into a contract with Messrs. Yarrow and Uo., of 
Poplar, for the construction of four very light-draught steel 
steamers for use on Lake Albert Nyanza, and for opening 
up the navigation of the rivers in Central Africa, These 
steamers will be carried on land on the backs of negroes, 
and consequently Messrs. Yarrow and Co. have to sub- 





this is really not worth the trouble of going into. 





divide the in such a manner that none shull ex- 
ceed 200 lb. weight. Itis estimated that no less than 4000 
men will be employed for the porterage of these vessels. 
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THE PENNSYLVANIA RAILROAD: LOCOMOTIVE DETAILS. 


‘(For Description, see Page 142.) 







































































FORCES ACTING BETWEEN VALVE 
SURFACES. 
To THE EDITOR OF ENGINEERING. 
Str,—Your correspondent, Mr. Adams, speaking of a 


valve having an exhaust cavity 9 in. by 4 in. designed to 
suit ports lin. wide, with any 84 either internal or ex- 


ternal, and provided with a displacement ri in. i 
ernal, ring 6% in. in 
diameter, the area of which would be approximately equal 
- that of the exhaust cavity, says, that such a valve would 
eave its seat owing tothe existence of a superior negative 
force, and asks me if I would “‘ dare to put in a 63 in. ring,”’ 
pete + allele. SS the Gaaotien fC pastes 
question I will produce a few 
facts, Mr, Adams has selected a valve without lap, be- 











ter than in 
ve be placed in 


cause the negative forces in such a one are 
any other, and further stipulates that the val; 
the position where the negative forces attain their maxi- 
mum, é.e., immediately after the admission of steam to one 
port, and the opening of the other to the exhaust. _ 

This valve and position are happily very convenient to 


consider, for neglecting the side lap of the valve there are 
no surfaces in contact, and the pressure upon every ion 
of the valve, except the side lap, may therefore be known. 
Only two pressures need enter into the tion, viz., 
those of the live and exhaust steam. Some portions of the 
valve will have either one or the other of these sures 
upon both sides, —, = therefore, be balanced ; the = 
maining portions wi ve steam pressure upon one side 
and exhaust upon the other, the difference ar tarned the 
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two acting as positive or negative pressure according to 
direction of application ; and as this differential pressure 


will be the same for all of the valve affected by it, 
its amount may be neg] , and only the area upon which 
it acts need be considered. To find whether or not the 
given valve will be forced off its seat, turning upon the 
ich has just covered the exhaust port, it is only 
necessary to find the centres of the areas affected by the 
positive and negative differential Aegra and multiply 
the distance of these centres from the fulcrum edge of the 
valve by the respective areas. The resulting num will 
be proportional to the opposing moments about the axial 
edge tending to force the valve off or on its seat. If the 
positive moment is the greater the valve will not be lifted, 
if the negative the contrary. 

Applying this to Mr. Adams’ test case, neglecting the side 
lap which would probably assist in keeping the valve upon 
its seat, and taking the areas in square inches and the 
distances in lineal inches, the proportional numbers are 
positive 33.84 and negative 29.0, and, therefore, the valve 
would not leave its seat. I must respectfully request Mr. 
Adams to “‘ fall’ according to promise. If ever I designed 
such a valve for a steam engine, which is scarcely probable, 
I certainly should “dare to put in a 63 in. ring.”” A very 
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small amount of lap will, according to Mr. Adams himself, 
very naturally increase the positive forces, but with any 
roportion of displacement ring or lap, the tendency to 
am will always be about the same edge for the same posi- 
tion of valve, and not sometimes one and sometimes the 
other, as stated by Mr. Adams in his “corollary.” __ 

The letter by ““C. A.M.” appearing in your last issue 
calls for a few remarks, for the question can ny 
dealt with in the summary manner he advocates. C) 
writer does not say whether he is referring to a balanced 
or unbalanced valve, but his remarks generally seem to be 
directed to the latter. In this case there is a negative 
force due to the exhaust steam in the cavity of the valve, 
which he does not account for; but allowing for this, 
engineers know to their cost without any calculation that 
the valve will keep its seat only too well. 

If it is the balanced valve ‘‘C. A. M.”’ alludes to, the 
positive force is made up of two amounts, the steam pres- 
sure around the displacement ring, and the exhaust pres- 
sure within it, and the resultant will find its point of ap- 
plication at the centre of the valve, as your correspondent 
states. But his allusion to the negative force is not so 
happy ; in the balanced valve the negative exhaust pres- 
sure isa much more important item than in the case of 
the unbalanced, and this is entirely overlooked by 
““C. A.M.” Perhaps he would say that it need not be 
noticed, because of the presence of the displacement ring. 
But rings may be of various sizes, and taking the 
usual size with an area equal to that of the exhaust 
cavity in the valve, this area would be much less than that 
exposed to exhaust pressure on the under side of the valve, 
the less the lap the greater the difference, and the centre 
of the lower area is some distance from the centre of the 
valve ; to find the resultant for either positive or negative 
force, it becomes necessary first to fix the values of the 
steam and exhaust pressures, almost an impossibility in the 
absence 6f a diagram, which could hardly be forthcoming 
for the use of the designer of the valve. It may be said an 
approximate exbaust pressure may be assumed ; but diffe- 
rent assumptions would give the negative resultant both 
different valuewand positions. This difficulty is avoided 
by the method given above, but supposing it not to exist, 
and that the opposing resultants are obtained, and further, 
that owing to the excessive size of the ring their ultimate 
resultant has its point of application outside the edge of 
the valve; then the shortening of the positive lever is in 
greater proportion than that of the negative, and the valve 
must, therefore, leave its seat. If the ring is so proportioned 
as to equalise the negative and positive forces at the com- 
mencement of the piston stroke, there will be a true couple 
tending to turn the valve, and this motion will be resisted 
by the valve face, thus calling into play a third force, 
which operating in the negative direction gives preponde- 
rance to this latter force, and the valve must be canted upon 
one edge. Thus it may be said, though not with strict 
mathematical accuracy, that indirectly ‘‘ there is a couple 
tending to turn the valve upon one edge.”’ 

Valves with displacement rings sufficiently large to pro- 
duce the above effects have been frequently made, and indeed 
one patentee makes a point of giving the ring an area equal 
to that of the whole of the valve face, thus as he states 
balancing (?) the whole. ‘‘C. A. M.”’ must have overlooked 
these points when he wrote: ‘‘ A moment’s consideration 
will show that the distance of the resultant from the centre 
of the surface in contact with the seat, is still less (my 
own italics) than its distance from the centre of the valve.”’ 
In reality these distances may be very great, and in some 
cases infinite. 

Mr. Adams, in his letter on the piston, only adds one 
more piece of evidence of the fact that pressure does exist 
between surfaces in contact when working under steam 
pressure, but concerning the amount of this pressure, we 
are as far from a result as ever. 

I am, Sir, yours truly, 
C. G. Masor. 

Wiggin-street, Birmingham, August 18th, 1877. 


To Tue Eprror oF ENGINEERING. 

Str,—Since Mr. Adams concludes his communication on 
the piston as if he expected some comment from me, let 
me draw one or two deductions from his proposition : 

1. Provided that the pressure of the exhausting steam is 
constant, it matters not what the pressure on the steam 
side is ; steam of 500 lb. pressure having no more tendency 
to leak than steam of 5 lb. 

2. With a given steam pressure, the greater the ex- 
haust force, and therefore the less the difference of pres- 
sure on the two sides of the piston, the tighter must the 


vas ring be; so that, 

3. The tendency to leakage is greatest when tho pres- 
sures on the two sides of the piston are equal, and least 
when there is a perfect vacuum on the exhaust side. In 


the latter case, the packing ring need not press against tho 
sides of the cylinder at all. , 

Mr. Adams’ pistons must be very curious things, for he 
talks of balancing the reciprocating parts of them. What- 
ever Mr. Adams may have done, I do not believe that 
Messrs. Humphrys and Tennant ever made a piston, part 
of which reciprocated and part did not. 

I do not enbantent the enigma about ‘‘ Orton fashion.” 
If your correspondent means that the initials I have given 
are not correct, you, Mr. Editor, have my name, and are 
aware that such is not the case. 

I am, Sir, your obedient servant, 

Greenwich, August 21, 1877. C. A. 





THE EARTH CLOSET QUESTION. 
To tae Epiror or ENGINEERING. 
Srr,—Since the earliest introduction of Mr. Moule’s 
invention, I have been a firm believer in the value of the 
earth closet system for use under many circumstances 


been going on during the past ten years. In England, at 


with the progress which has been made. In this country 
the success has been much less complete, and the capital 
invested in the enterprise has been pretty gen@rally used 
up in experiments and in advertising. The obstacle here 
has been chiefly that the class for whom the earth closet is 
most desirable have not realised the necessity for any im- 

rovement on the old-fashioned privy, and that Public 

ealth Authorities have failed as yet to realise the relief 
that this system offers them. 

The chief recognised objection to it relates to the sup- 
posed large amounts of earth required, and the little value 
as manure which this earth acquires in its use. The 
enthusiastic hopes of Mr. Moule concerning the aid that 
his system would receive from those who buy manure, have 
been disappointed, for the reasons set forth by Dr. 
Voelcker in his paper on ‘‘ Earth Closet Manure,” pub- 
lished in the Journal of the Royal Agricultural ney 
He found that the amount of fertilising material added, 
even when the earth was used several times over, was too 
slight to pay for much costly handling. Based upon his 
analyses and upon the natural impression that the earth 
must be frequently renewed, computations have been 
repeatedly made showing that the necessary supply for a 
town of even moderate size would denude enormous areas 
of land in its vicinity and would involve an outlay for 
handling which seem to make the adoption of the system 
simply impracticable. If the assumed amount of earth 
must be used, and if it must be so frequently renewed, 
the cost of supplying earth closets in a large town would 
be greater than any practicable taxation could pay. 

Having had under consideration for some time the 
degree to which the “summer fallowing’’ of arable land 
leads to the destruction of organic matter in the soil, 
I was led to investigate the character of an accumulation 
of earth-closet manure, as offering collateral evidence on 
this point. The result of the examination seems to me to 
throw new light upon the earth-closet system, which cannot 
fail to be of interest to sanitary engineers. I reproduce 
here the substance of my first publication on the subject— 
in the American Agriculturist of February last. 

I have on hand about two tons of this material, which I 
have purposely kept in order to see how often earth (or 
anthracite coal ashes) may be used without losing its 
efficiency. The experiment was begun six yearsago. A 
little of the manure has been used on flower beds, &c., and 
a little fresh ashes have been ‘added, but not enough to 
effect the general result. The closets are filled on an 
average about six times a year. When the vaults are 
emptied, the product is simply heaped up in a well-venti- 
lated cellar and left to dry ; the heap is then used as a 
source of the next supply needed. The whole amount is 
enough to fill the reservoirs three or four times, and I 
estimate that the material now on hand has passed through 
the closet ten times. So far as can be judged from its 
appearance and smell, it is precisely the same as when 
first prepared for use—a dry mixture of earth and ashes, 
say one part of the former and three parts of the latter. It 
has the same apparent effect in the closets that it has at 
the outset. Neither the eye, the nose, nor the hand can 
detect any change from its original condition. Examina- 
tion in the laboratory has been equally powerless to detect 
any trace of organic fouling. Thisis the report: 


From the Connecticut Ayricultural Experiment Station. 
Middletown, November 7, 1876. 
** The following is the result of analysis of closet earth, 


&e. 
Parts in 100. 
Water... sen “F “i eee 1.31 
Organic and volatile... eve 10.72 
Phosphoric acid (P,0;) 0.37 
Potash (K,0O) ... wis 0.33 
Nitrogen ... ba 


ees oss -~ 0.28 
Equivalent to ammonia ove ee 0.34 

(Signed) Ed. H. Jenkins, Chemist.’’ 
Professor Voelcker gives the following analysis (so far 
as these elements are concerned) of fresh earth prepared 
by drying and sifting for use in closets : 


** Organic and volatile ... ese eco 9.88 
Phosphoric acid... vi i 0.18 
Alkalies and loss in analysis ... 1.35 
Nitrogen... in tie ose 31 
Equivalent to ammonia an on 37” 


Of course earths vary, and the composition of the ashes 
would modify the composition of any mixture, but, practi- 
cally making due allowance for such variation, this ma- 
terial, which has passed ten times through the closet, has 
not had its composition materially affected by the paper, 
feces, and urine, with which it has been so often charged. 
The amount of these foreign matters has not been slight. 
The closets have been used—at a moderate average—by 
four grown persons for six years. It is estimated that the 
solid (dry) matter voided in a year by an adult is, in the 
feeces 23 lb., and in the urine 341b. Assuming that one- 
third of the urine was voided into the closets, the total 
dry matter would be about 34 1b. yearly for each person, 
making a total, for four persons, in six years, of over 
800 lbs. This solid matter would contain over 230 Ib. of 
nitrogen. The two tons of my material contain only about 
400 lb. of solid organic and volatile matter, and probably 
the most of this was there before it went into the closet at 
all. The content of nitrogen, by the analysis, will be 
only about 11 Ib., in fresh earth, as per Voelcker, is about 
12 lb. Practically all the solid and Rauid excrement, and 
all the paper and chance rubbish that have gone into the 
closets, have entirely disappeared. 

It is very important for our purpose to know what has 
become of them. I venture the hypothesis that they have 
been as effectually destroyed by combustion, as though 
they had been thrown into a furnace. 





where the water-closet is not available. I have watched 
with great interest the discussion concerning it which has 





All porous substances condense gases within their pores, 


least, the advocates of the earth closet may be well satisfied | grease 


active condition. A heap of cotton waste saturated with 
from machine cleaning sometimes breaks into 
actual conflagration from the rapidity with which its ol 
is oxidised. Rapidity of oxidation gives intensity of heat, 
and “spontaneous combustion” is only such a hastening 
of the process as to produce heat faster than it can escape 
safely. Charcoal (which is so porous that it has interior 
surfaces equal to from 50 to 100 square feet to the cubic 
inch) condenses oxygen in a condition most serviceable for 
deodorising purposes, and it is now well understood that 
it is not simply an absorbent of foul gases, but a destroyer 
ofthem. Not alone is this true with regard to gases, but 
toall o: ised matters. Leaves mixed with charcoal dust 
and made moist entirely disappear. The oxidation is be- 
lieved to be due not at all to the chemical character of the 
carbon, but only to the porosity of the charcoal ; and other 
substances favour the process in proportion to their poro- 
sity. Platinum sponge is a very active inciter of destruc- 
tive oxidation. Dry or slightly moist earth is a busy 
agentin this work. A bit of muslin covered in the ground 
soon becomes rotten, and in time disappears. Fecal 
matter covered with sufficient earth to take up its mois- 
ture, without becoming so wet as to exclude the air (and 
oxygen) is at once deprived of all smell, and within a 
few weeks every trace of it has passed away. The com- 
mon belief is that it is ‘‘ absorbed’”’ by the earth. This is 
trae, but it is probably absorbed only to be consumed. 
The pores of the earth are the slow furnace in which it 
burns silently away, leaving only ashes behind. 

One more Sa am / Fi may be made from all this: It has 
been held to be-a leading and a very serious objection to 
the earth-closet system, especially for use in towns, that 
the labour of bringing the enormous amount of earth re- 
quired, and of carrying out the increased quantity from 
the closet receptacles, would call for too much costly 
handling. 

This objection would be a sound one were the earth to be 
regarded only asa medium for the odourless removal of the 
excrement; but if we ‘accept the belief that it is only the 
lurking place of that best of all scavengers, oxygen, and 
that year after year the cleansing work may go on, over 
and over again, in the always purified recesses of the 
sare earth, no trace of any impurity remaining, then our 
supply may be taken in once for all. We shall need 
enough to give time for rest and oxidation between the 
successive usings of each portion, but no provision need be 
made for frequent introduction of fresh material. My 
whole household has been amply provided by two small 
cart-loads of earth brought in six years ago, supplemented 
by the sifted ashes of the kitchen range andfurnace. For 
a long time even those have been carted away. We prefer 
the old stock, as fresh ashes are dusty. 

Tt has been suggested that there may be danger of infec- 
tion in the accumulation of closet earth in connexion with 
habitations. So far as experience goes here, in Europe, in 
Jamaica, andin India, no contagion has ever been traced 
to a dry earth closet, nor to a sheltered heap of closet 
earth. Pettenkoffer’s ‘“‘ground air’’ poisoning—if his 
theory is sustained—traces to occasional conditions of 
saturation. Closet earth, properly managed, is always dry 
enough for the free entrance of air. It is not fermentation 
but slow combustion which destroys its burden of filth, 
and—if we may speculate on the feeble data now available 
—it is to fermentation, which Pasteur aptly calls “ life 
without air,” that we are to look for the reproduction of 
the living germs of infectious disease. 

EORGE E. WARING, Jun. 

Newport, R.I., June 28, 1877. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
-.MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—The hopes held out at 
the beginning of this month that trade would perma- 
nently improve have not been fulfilled, for makers are now 
as badly off as regards prices as they were last month, and 
it is no wonder that complaints are heard on all sides that 
there is nothing to be got in producing pig iron. This 
week the actual realised prices are 6d. per ton below those 
of last week, and 1s. lower than a fortnight ago, when 
things showed so favourably. While, therefore, some pro- 
ducers, who are well off for orders, are asking 41s. for 
No. 3, consumers will not give more than 40s. 6d. less 
commission, and all who would do business must take that 
figure. No.1 stands at 44s.{6d., and grey forge at 39s. 6d., 
with the lower numbers in proportion. The revised terms 
of payment for iron which were adopted nearly three 
months ago are being adhered to by the leading makers, 
and it is the exception to find monthly payments taken. 
Exports of iron are fairly active. 


The Finished Iron Trade.—With respect to the plate 
department, we can report a much better outlook and a 
brisker present demand, owing to the termination of the 
Clyde shipbuilders’ strike. The output of plates forms 50 
percent. now of the manufacture of finished iron in the North 
of England. The mills have hitherto been kept in fairly 
regular operation, and are likely now to show a great deal 
of activity for some time to come. Other branches of the 
finished iron trade are poorly occupied, and prices continue 
weak and variable. 


The Iron and Steel Institute.—This body will hold its 
autumnal meeting at Newcastle-upon-Tyne, and it is fixed 
that it shall commence on Tuesday, September 18th, and 
continue over Wednesday, Thursday, and Friday. Excur- 
sions will be made to various engineering and iron works in 
the neighbourhood, and on the last day, there will be a trip 
to the Middlesbrough district. Papers will be read by Mr. 
Bell, M.P., Dr. Siemens, Dr. Percy, and others. 


The Coal and Coke Trade.—There is nothing new to 
record, except that the export requirements are increasing. 
Gas ton f.o. b, Tyne 











especially do they fill themselves with oxygen in a very 





coals, which sell as low as 6s. 6d. per 
freely. 


or Wear, are naturally selling more 
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AUTOMATIC EXPANSION GEAR. 

WE recently, in our account of the meeting of the 
Institution of Mechanical Engineers at Bristol, gave 
an abstract (vide page 96 ante) of the discussion which 
ensued on that occasion on the paper read by Mr. J.C. 
Fell “On the Application of Automatic Expansion 
Gear to Steam Engines,” and we now propose to 
make a few remarks upon that discussion as well as 
to direct attention toa few points connected with 
the application of automatic expansion gear, which 
were not then touched upon. Broadly, the general 
view taken by those members who spoke during 
the discussion was that automatic expansion gear 
was a good thing to apply if an engine had a load 
which varied considerably, but that it was of little 
service, from an economical point of view, if the 
load was fairly constant, and that in this latter case 
an arrangement of expansion gear adjusted by 
hand was practically equally efficient. ‘The views 
thus a at Bristol are no doubt those very 
generally held, but although we agree with the 
Opinion above stated as to the benefits derived by 
the application of automatic expansion gear to en- 
gines working with variable loads, we dissent from 
the view taken that such gears are of little practical 
service when the load is fairly constant. Let us con- 
sider what the condition of an engine working under a 
fairly constant load really is. In the first place it is 
evident that if we couldinsure not only the constancy 
of the load, but also the constancy of the steam 
pressure, it would be possible to adjust the cut-off 
gear by hand, so as to give the engine exactly the 
Speed required, and the application of automatic 
gear, or in fact of any kind of governor, would be 
unnecessary. But in practice such conditions are 
unattainable, for even in cases where the load is 
almost constant, varying, say, only some 5 per cent. 
or so—and such cases are rare—there is the varia- 





tion in the pressure of the steam in the boilers to be 
allowed for, and this variation will seldom be less 
than 10 per cent, and will often be very much more, 
Moreover, in the case of non-condensing engines 
working expansively, a variation of 10 per cent. in 
the boiler pressure has a much greater proportionate 
effect on the mean effective cylinder pressure. Thus 
in the case of a non-condensing engine working 
with 70lb. steam and expanding fourfold, a fall 
in the boiler pressure to 65 lb, or about 7} per cent., 
will reduce the mean effective cylinder pressure over 
12 per cent. Now if the expansion valve be ad- 
justed by hand, it must be so set that the engine 
can work against its maximum load with its minimum 
steam pressure, and we thus see that even under 
favourable circumstances there must be a range of 
variation between available steam pressure and load 
left to be controlled by the governor and throttle 
valve. Of course it may be asserted that a careful 
engine driver will vary his expansion gear while run- 
ning to suit variations in the steam pressure, but in 
general practice no such personal attention as this 
can be depended upon, and, as we have said, a hand- 
adjusted expansion gear will generally be found set 
to such a cut-off as will enable the engine to do its 
work under the most unfavourable circumstances, 
Under these conditions an efficient automatic ex- 
pansion gear can evidently do good service even 
where the load is what is considered fairly con-’ 
stant, 

Notwithstanding the facts we have pointed out, 
there is undoubtedly a prejudice against the use 
of automatic expansion gears in the minds of many 
engineers, and we believe that this has arisen in 
many cases from the trouble not unfrequently given 
by such gears in the way of maintenance, This 
brings us to the second point on which we desire to 
speak, namely, the tendency which has somehow 
very generally existed amongst the designers of 
automatic gears to underrate the work such gears 
are called upon to do. We have from time to time 
examined a large number of engines fitted with 
automatic expansion gears of various types, and in 
the majority of cases we have found such gear 
exhibiting signs of wear and tear out of proportion 
to that indicated by other parts of the engines, For 
the most part this excessive wear is simply due to 
insufficient area of wearing surfaces, and the adoption 
of more or less indirect lines of connexion between 
the expansion valve and the eccentric or cam which 
actuates it. Itis true that as arule an expansion 
slide does not take a great deal of power to work it, 
but on the other hand it usually receives its motion 
through a greater number of joints than a main 
valve, and hence the aggregate ‘‘ lost motion” due 
to a given amount of wear in each joint is greater. 
In many gears, too, the wear of certain parts is of 
such a kind that means for “ taking it up” cannot be 
readily provided, and hence there is additional 
reason for providing exceptionally large wearing 
surfaces to begin with. We can assure those of our 
readers who are engaged in engine design that there 
is a great deal to be learnt by an examination of 
half-worn expansion gears, and we are certain that 
if more attention was paid to the lessons which such 
gears teach, we should hear of less opposition to the 
application of automatic gears to engines generally, 

The last point to which we desire to call attention 
here is the necessity of employing a thoroughly good 
and powerful governor in connexion with automatic 
expansion gears. Of course the power required to 
control different gears varies considerably, but in 
any case the governor employed should be such 
that it has thorough command over its work, acting 
at once on the gear when a change of speed occurs, 
and not hesitating and moving by fits and starts in 
consequence of its being barely able to overcome 
the frictional resistances. If great regularity of 
speed is required, and a very sensitive governor is 
hence employed, care must also be taken to provide 
a heavy flywheel, or its equivalent, so that there may 
be a large amount of stored-up force in the rotating 
parts. We know that amongst somo engineers an 
impression has existed that a sensitive governor 
forms in some degree a substitute for a heavy fly- 
wheel, whereas in reality a heavy flywheel or its 
equivalent is essential to the efficient action of a 
sensitive governor. In all engines, owing to the 
unequal rotative force exercised by the piston, there 
is a greater or less variation of velocity at different 
parts of each revolution, With a very sensitive 
governor these variations are at once felt, and unless 
the flywheel is sufficiently heavy to keep them 


within moderate limits, a regular pulsation of the | othe 





governor is set up, and not unfrequently “ hunting” 





ensues. A very sensitive governor is, in fact, an 
rei gy to be used with care and judgment, and 
if these qualities be wanting the employment of 
such a governor will not unfrequently introduce 
greater irregularities than those it was intended to 
correct. 





THE PHENOMENON OF EVAPORATION. 


As the kinetic theory of gases is now generally 
accepted, confirmed as it has been in numerous ways 
experimental and otherwise, it may perhaps be not 
uninteresting to trace the application of this theory 
to the special case of evaporation in the steam 
boiler. In doing this we give a concise summar 
or sketch of results developed by Clausius, Maxwell, 
Rankine, and others, and we must be excused if in 
the first place we recapitulate certain elementary 
facts in order to render the subject complete. 

According to the accepted dynamical theory 
of heat, therefore, the application of heat to a mass 
of water consists in the communication of motion 
to its component molecules. The molecules of 
water are made to vibrate with greater energy, as 
proved by the increased energy of the waves emitted 
(or increased “ radiation” of heated water), The 
water molecules being thus thrown into violent 
agitation, some of them (at the surface more espe- 
cially) are thrown off into the steam space above. 
The average velocity of the molecules thus thrown 
off is considerable (somewhat in excess of that of a 
bullet), so that these molecules by impinging against 
the side of the boiler produce the pressure on the 
boiler. The pressure is sensibly continuous, be- 
cause of the numerous impacts of the molecules, 
which succeed each other with ‘great rapidity, 
Since the ans actually occupied by the molecules 
of steam (which are impinging against each other 
and tending to expand the has mass of steam) is 
infinitesimal compared with the vacant space, this 
projection of molecules into the steam space goes 
on unhindered by the molecules already present 
there, and this would therefore cause a continual 
increase of pressure, were it not for the fact that 
some of the molecules projected into the steam space 
come into collision with the surface of the water, and 
thus are sometimes absorbed into the water again ; 
for they strike with great energy against its surface, 
and naturally sometimes force their way into the 
aggregation of molecules forming the liquid. We 
observe, therefore, that those water molecules which 
under the violent jostling of those around them, 
happen to get an access of translatory motion, are 
projected off into the steam space above. ‘Those 
molecules, on the other hand, which have been pro- 
jected off, and which happen to strike against the 
surface of the water, sometimes get absorbed into 
the water. 

It is evident that the number of molecules 
thus absorbed into the water will depend on the 
number which strike the water, i.e. on the number 
in the steam space above the water. It is clear 
therefore that a balance must at length establish 
itself, For as more and more molecules enter the 
steam space, the number of molecules absorbed into 
the water increases, until at length the number 
which are absorbed into the water equals the 
number which are projected out, in the same time. 
When this takes place, the pressure no longer rises, 
for the number of molecules in the steam space 
then remains constant, and therefore the number 
striking against the sides of the. boiler remains 
constant. This therefore explains why a constant 
pressure belongs to a constant temperature. When 
the steam of a boiler is not being used and the 
temperature is maintained constant, the pressure 
remains constant, not because the water has ceased 
to evaporate, but because the evaporation and con- 
densation balance each other, or the number of 
molecules emitted from the water equals the num- 
ber absorbed. Evaporation is therefore going on 
all the same, though the pressure is stationary. 
There is evidently nothing to prevent the evapora- 
tion going on, for there is plenty of room between 
the molecules of steam for fresh molecules ; indeed, 
it was proved long before the kinetic theory was 
accepted, that one gas behaves as a vacuum to an- 
other; that just as much water for example Me 
rates in a closed space, whether that space be filled 
with air, or be empty, though in the former case a 
longer time is required. ‘The pressure therefore 
ceases to rise, not because evaporation ceases, but 
because evaporation and condensation balance each 


r. 
When by increased firing, the temperature is 
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raised, the vibration of the water molecules becomes 
more energetic, and more are projected into the 
steam space, and the pressure rises until (on account 
of the increased number of molecules striking against 
the surface of the water) the increased absorption 
of molecules thus resulting again balances the in- 
creased emission, and thus the pressure becomes 
again constant. This serves to explain in a per- 
fectly rational manner the relation between tempe- 
rature and pressure, or why a certain definite pres- 
sure belongs to every temperature. The pressure 
becomes constant at every temperature when the 
absorption of molecules balances the emission. 

In the interior of the water, also, molecules 
violently agitated may be thrown off and form a 
bubble of vapour, the bubble expanding, when the 
number of molecules thrown off from its sides ex- 
ceeds the number absorbed by the same. From the 
above considerations a physical idea may be formed 
of what takes place when a boiler bursts, ‘The 
molecules impinging against its sides then fly off in 
every direction at the velocity which they pre- 
viously had before the sides gave way. This velo- 
city is not generated in the act of bursting, but 
existed before. By the yielding of the sides of the 
boiler, a large store of motion is thus set free, pro- 
ducing the well-known destructive effect. 

We may notice in conclusion that the above 
can scarcely be called a theory at all, as it has re- 
cently been demonstrated mathematically that no 
condition of things excepting molecules in motion 
in straight lines (as represented by the kinetic 
theory) can ona | account for the observed phe- 
nomena of gases. That a gas (and therefore steam) 
consists of molecules interchanging motion among 
each other in straight lines, may therefore be re- 

arded as a proved fact, not asan hypothesis. These 
acts would therefore appear to be worthy of a more 
general appreciation, and we have thus thought it 
might be of interest to summarise concisely the 
known facts in their special application to the case 
of steam. 


THE METROPOLITAN GAS QUESTION. 


During the last six years the consumers of gas, 
the shareholders and directors of gas companies, the 
Metropolitan Board of Works, the Local Govern. 
ment I and the Board of Trade, the local 
vestries, e¢ hoc omne genus, have all been engaged in 
fathoming a mystery, how to get cheap gas, cheap 
in the double sense of good in quality and abundant 
in quantity. We seem to have arrived now at a very 
satisfactory solution of the question. 

Our readers will be familiar with the facts that 
owing to the legislation of the last two or three 
years, the Imperial Company has been amalgamated 
with the Gas Light and Coke Company, which now 
mS per something like three-quarters of the metro- 
polis with gas. Perhaps it would be more correct 
to state that the capital of the amalgamated company 
represents very nearly 75 per cent. of the total 
capital of the companies supplying gas within the 
metropolitan area. 

The half-yearly meeting of the Gas Light and 
Coke Company was held last week. It appears from 
the half-yearly report, ending June 30 last, that 
notwithstanding the reduction in price, the result 
of the half-year’s work was a profit which after pro- 
viding for payment of interest on debenture and 
preferential stock, left a dividend on Band H stocks 
of 10 per cent, per annum, and a similar dividend 
on the ordinary stock of the company. ‘There was 
a surplus of 24,813/., which, added to the sum of 
43,426/. brought from the previous half-yearly 
account, gave an undivided balance of 63,239/. 

The chairman stated, in moving the adoption of 
the report, that there were now in the rental office 
160,000 quarterly accounts made out, giving 600,000 
as the total in the year, while the number of pro- 

rietors exceeded 8000. He regretted that their 

ill which was intended to alter the fixed maximum 
of sulphur in their gas was lost during the past 
Parliamentary session. He considered the idea of 
adopting electricity as an illuminating agent, in 

meral, as simply ridiculous; but it appears, 

owever, that the shares of gas companies have 
been seriously affected in price owing to the ‘‘scare” 
that recent experiments in this application of elec- 
tricity have caused. 

With respect to the extension of works the chair- 
man stated that certain new buildings would not 
cost more 70,000/. In reference to the ordinary 
“make” of gas at the stations it amounted to 








factory result. Of the production they received 
payment in distribution to customers to the extent 
of 93 per cent., only six per cent. having to be 
deducted for leakage. ‘The consumption of coal 
averaged from 5000 to 6000 tons per day. In 
reference to financial matters, it appears that the 
reduction in the price of gas of 3d. per 1000 ft., as 
effected in January last, represented an apparent 
loss of 126,000/. annually. But, notwithstanding 
the reduction of revenue from this source, and 
a loss of fivepence per ton on tar, amounting to 
10,000/., and a further loss of 25,0007. on the sale 
of coke, it was possible to declare the 10 per cent. 
dividend. It appears that there are nearly 8000 
persons employed on the staff of the company. 








TRIALS OF SHEAF BINDERS. 


Liverpool. It will be remembered that at the Liver- 
poet Show of the Society last month five sheaf 


namely, those of Mr. Cyrus H. McCormick, Mr. 
Walter A. Wood, and Messrs, D. M. Osborne and Co, 


account of the risk of the wire getting into the 
cattle food, and for this reason we regret that the 
string machines did not take in this year’s 
competition. We trust, however, that they may be 
able to compete next season. In conclusion we 
may state that the judges during the trials lest 
week were Mr. Coleman and Mr. Contrell, while Mr. 
Bowden Jones and Mr. Sanday were the stewards, 
Mr. Rich conducted the dynamometer trials, Mr. W. 
Anderson was present as one of the consulting engi- 
neers to the Society, and the arrangements generally 
were made under the direction of Mr, H. M. Jenkins, 
the secretary. 











THE BRITISH ASSOCIATION. 
THE meeting of the British Association for 1877 
has not proved numerically as great a success as was 
at first anticipated, and this result has been brought 


Last week the Royal Agricultural Society's trials | about not by the geographical comparative isolation 
of sheaf binders were carried out at Aigburth, near | of the town of Plymouth (for the attendance of 
/members from a distance has been exceedingly 
| good, and compares most favourably with that 
inders were exhibited, three of these machines— | at previous meetings), but by the exceptionally 
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DyYNAMOMETER TRIALS WITH SHEAF BINDERS AT AIGBURTH, LIVERPOOL, AUGuUsT 17, 1877.—ON WuEar. 


small attendance of local members, In com- 
paring, however, the number of local adherents 





Name of exhibitor in order of trial ... 
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Side draught, with lay ... 


i against lay ese ee 
Mean draught (in pounds), with lay ... 
i pe against lay 
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Mean speed in miles per hour ... ove eee “a at 
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Number of sheaves cut ... ma - eco oa ws 


Total weight of sheaves ... 


Mean weight of each sheaf ies ‘ ae ‘ 
Foot-pounds of work per pound of corn cut; or height to 
which corn must be raised to represent work done in 
cutting and binding it om ‘ . vs 
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| 
C.H. Walter A. D.M. Osborne 
McCormick Wood | and Co. 
601. ol. |  50l. 
Averages. 
58 in. Soin. | 552in. _ 
52 in. 61 in. 62 in. 
55 in. 55.5 in. 58.6 in. 
8 in. 6 in. 7 in. 
35 Ib. 15 lb. 35 Ib. 
25 Ib. 25 Ib. 37.5 Ib. 
464 468 486 
471 460 418 
467.5 464 452 461 
8 9.36 8.85 
9.06 7.54 6.75 
8.53 8.45 7.8 8.26 
3.15 3.00 3.22 3.12 
5 ft. 6 in. 4ft. 5 ft. Gin 
17 21 { 18} 34 
265 Ib 371 Ib { rt 423 Ib 
15.61b 17.71b. }| jogf 124d. 
423.5 420.7 | 468 











—being American machines, and using iron wire for 
binding the sheaves, while the remaining two were 
English ih BR goes by Mr. H. J. H. King 
and Mr. M. T, Neale respectively, and used string 
as the binding material. The general features of 
these various machines were described by us in our 
notice of the Liverpool Show on page 47 ante. 
Unfortunately the two string machines were not 
sent for trial last week owing to their not being 
ready, and the tests were thus confined to the three 
American machines using wire. 

The first day of the experiments turned out wet 
in the afternoon, and although work was done in 
the morning the corn was really too wet for fair 
play, and the machines choked a good deal, but 
only in the gathering-up apparatus. The binding 
arrangements, except for the breakage of wire, 
went on very well. The next day turned out fine, 
and some capital runs were made on oats. Owing, 
however, to the relative merits of the competing 
machines being clear to the judges it was not con- 
sidered necessary to repeat the dynamometer tests 
during this better weather. As a result of the 
trials the judges came to the conclusion that the 
gold medal should not be awarded, none of the 
machines J es satisfying the requirements, but a 
silver medal was awarded to Mr. Walter A. Wood, 
and Messrs. Osborne’s machine was commended. 
We are indebted to Messrs, Eastons and Anderson, 
the consulting engineers to the Royal Agricultural 
Society, for the annexed interesting tabular state- 
ment of the results of the dynamometrical trials of 
the competing sheaf binders. 

The general result of the experiments ap to 
indicate that there is every probability of the gold 
medal offered by the fant Agricultural Society 
being carried off next year, the experience during 
the present season having shown the American 
inventors what is required to suit our straw and 
climate. It is, however, somewhat doubtful 
whether a machine using wire for binding will 





10,000 cubic feet per ton of coals—a most satis- 





ever find much favour with English farmers on 





to the British Association with the population, 
it will not be fair to the towns of Plymouth 
and Stonehouse to include the population of 
Devonport, for the latter town has, as a body, held 
aloof from the meeting, and though individual in- 
habitants of that town have been enrolled as 
members and associates, still there can be no doubt 
that the official abstention of the town of Devon- 
port from doing the honours to the British Associa- 
tion, has not only reduced the local attendance to a 
serious extent, but it has thrown upon the other 
townships the task of entertaining by themselves 
the guests of the Three Towns, 

In every respect but that of numerical strength 
the meeting of 1877 is a most successful one. 
Already some most valuable papers have been read, 
and there are several on the lists of the highest 
scientific interest and value. The opening meeting, 
which was held in the magnificent Guildhall on the 
evening of the 15th inst., was fairly attended, and 
we estimated that there were about 1200 persons pre- 
sent. The business commenced by the Mayor of Ply- 
mouth (in the absence through illness of the retiring 
President, Dr. Andrews) taking the chair, and in a 
speech in which he compared wit and judgment, by 
which he understood science and religion, to a man 
and his wife who, not altogether leading a happy 
life, are often quarrelling but * kiss again with 
tears.” The comparison did not seem to be under- 
stcod by the audience, but the speaker was loudly 
cheered when the name of the President was an- 
nounced, and Professor Allen Thomson was intro- 
duced to the meeting. 

The President, who was received with loud 
applause, after a few introductory and apologetic 
remarks to the effect that ‘‘ the choice of a President 
should have fallen upon one whose constant occupa- 
tion with very special branches of science had fitted 
him so inadequately for the distinguished position 
to which he had been called,” plunged at once into 
the subject of his masterly wien which was on 
the development of the forms of animal life. This 

















Aus, 24, 1877.] 


ENGINEERING. 





151 








subject is too far removed from the somewhat special 
character of this journal for us to publish the address 
in our columns, and we must refer those of our readers 
who wish to read Professor Thomson’s remarks to 
those of our contemporaries whose objects include 
the consideration of biological inquiry. Asa matter 
of curiosity, however, we may refer to one para- 
graph in the address in which the President gave 
some interesting statistical facts in illustration of 
the remarkable variation in size which exists be- 
tween the ova of different animals as compared with 
the relative sizes of the mature animals. The ovum 
of the mammalia, he said, is a comparatively small 
body, of which the average diameter is about 
xioth of an inch, and which scarcely weighs more 
than a very minute fraction of a grain, which may 
be calculated perhaps only at the ys}5sth part, and 
further in two animals differing so widely in size as 
the elephant and the mouse, the weights of which 
may be held to stand towards each other in the pro- 
portion of 150,000 to 1, there is scarcely any dif- 
ference in the size of the mature ovum; while, on 
the other hand, if we compare this small ovum of the 
mammal with the yolk of the egg in the common 
fowl, it may be estimated that the latter body would 
contain above three millions of the small ova of a 
mammal, This is so curious a fact that we may be 
excused for drawing attention to it in this place. 
The address, though on one of the most difficult and 
abstruse subjects connected with scientific re- 
search, was listened to throughout with profound 
attention, and at its conclusion was long and loudly 
applauded. 

A cordial vote of thanks to Professor Allen 
Thomson was next proposed by the Earl of Mount- 
Edgcumbe in a graceful speech which was characte- 
rised by its tone of genuine unaffected modesty, 
and the vote having been eloquently seconded by 
Dr. Acland, F.R.S., was carried amidst great cheer- 
ing, and the opening meeting came to an end, 

The next morning (Thursday) the sectional busi- 
ness began by the inaugural addresses of the 
presidents of the sections. 

The Civil Court at the Guildhall, which was set 
apart for Section A (Mathematics and Physics) was 
well filled long before the President took the chair. 
Professor Carey Foster commenced his address by a 
few apologetic remarks as to his own unfitness for the 
post, but this statement was the one exception in his 
masterly address which did not carry his audience with 
him. He advocated most strongly as a means of in- 
creasing the efficiency and value of the British Asso- 
ciation, the appointment by the sectional committees 
of sub.committees charged to report to the section 
periodically on the advances made in each of the 
chief departments of science of which each section 
takes cognisance ; he recommended in the depart- 
ment of physics, for example, a committee to report 
on Light, another on Sound, one on Heat, and another 
on Electricity and so on, and committees so formed 
might be made virtually standing committees by 
being reappointed annually. Such committees might 
issue their reports at intervals of five or six years, 
but arrangements might be made so that each year 
each section would receive a report for one or 
another of the sub-committees. This is a most 
valuable suggestion, and one likely to be considered 
in all the sectional committees of the British Asso- 
ciation, for it is calculated to advance science, if 
properly carried into effect, more perhaps than any 
suggestion that has been offered in this or any other 
society fora long time. The reports, if published 
in a uniform form, would constitute a record of con- 
temporary science that we believe would be un- 
equalled whether here or on the Continent, and we 
hope that the matter will be taken up warmly and 
promptly, not only by the British Association but 
by all interested in the advance of scientific truth. 

Professor Foster concluded his interesting address 
by a very proper and graceful defence of Mr. 
Crookes against a recent unwarranted attack by a 
p2rson well known to the scientific world, in which 
the value of Mr. Crookes’ discovery of the radi- 
ometer, aud of the researches which led to that dis- 
covery were called in question, and the testimony of 
Professor Carey Foster, representing as he did in 
his official capacity of at the same time President of 
the Physical Society and of Section A of the British 
Association, was a well-timed answer to so un- 
warranted an utterance, and was an answer which 
must, from the nature of the case, carry far more 
weight than the attack which it refuted. 

In his address Professor Foster pointed out the 
great importance of the sciences of mathematics and 
physics to one another, or rather that they had now 


become absolutely inseparable in physical inquiry. 
Both this aud the value of Professor Foster's 
suggestions as to the appointment of sub-committees 
were warmly supported by Professor J, C. Adams 
and Lord Rayleigh, who moved and seconded the 
vote of thanks, which was received with great ap- 
plause, to Professsor Carey Foster for his valuable 
presidential address. 

In Section B (Chemistry) Professor Abel, F.R.S., 
after giving a short review of the progress of 
chemical science, directed the attention of his 
audience to that of metallurgy, more especially to 
the metallurgy of iron and steel, in connexion with 
which subject he paid high compliments to the 
labours of the Iron and Steel Institute and to the 
great value of the papers contributed to that body 
by Mr. Riley, Mr. Isaac Lowthian Bell, M.P., F.R.S., 
and to Dr. C. W. Siemens, F.R.S., and he also 
spoke in the highest terms of the value of Dr. 
Percy’s works upon metallurgy and of that upon the 
metallurgy of iron and steel in particular, 

In Section C (Geology) Mr. Pengelley, F.R.S., 
gave an interesting and valuable address in which 
he confined himself to the geology and anthropology 
of bone caverns in various parts of the country. 
Mr. Pengelley’s name is so widely known in con- 
nexion with cave exploration, more especially with 
the caverns at Kent’s Hole at Brixham, that it is 
needless to say that anything coming from him on 
such a subject would be listened to with great in- 
terest and respect. ‘The section was crowded lon 
before the meeting commenced, and the doors an 
orem were thronged while the address was 

ing delivered. 

Mr. Gwyn Jeffreys, F.R.S., confined his remarks 
in his presidential address to the two sub-sections of 
D (Biology) to the consideration of his own more 
immediate subject of research, viz., the deep sea 
mollusca, calling attention to the researches in the 
same direction by Dr. Wallich, by Professor Prest- 
wich, and by Sir Wyville Thomson, The subject, 
though of great interest, is hardly within the range 
of this journal; we must refer our readers to our 
contemporaries for further reports of Mr. Gwyn 
Jeffreys’ address. In the sub-sections of Section D, 
devoted to physiology and anthropology a 
opening addresses were delivered by Professor 

cAlister, M.D., and by Mr. Francis Galton, 
F.R.S. The presidential address to Section E (Geo- 
graphy) was delivered by Admiral Sir Erasmus 
Ommanney, K.C.B., and to Section F (Economic 
Science and Statistics) by the President, Lord 
Fortescue. 

Section G was presided over by Mr, Edward 
Woods, C.E., and his address, which we publish 
on page 156, was delivered on Friday, and was 
exclusively devoted to the subject of brake power 
on railways. After referring to the experiments 
which had been conducted by the various railway 
companies of the country at the suggestion of the 
Railway Commissioners and of the Board of Trade, 
Mr. Woods called attention to the qualifications 
of an efficient continuous brake for fast and heavy 
trains, and his remarks on this head are well worthy 
of attention. 

In Section A the first two communications were 
made by Professor Haughton, of Dublin, the first ‘‘On 
a New Method of Calculating the Absolute Duration 
of Geological Periods,” and the second ‘‘ On the Solar 
Eclipse of Agathocles considered in Reply to Pro- 
fessor Newcomb’s Criticism on the Coefficient of 
Acceleration of the Moon’s Mean Motion.” Both of 
these were highly learned and mathematical papers. 
On the first paper a discussion followed, in which 
Sir William ‘Thomson, Mr. John Evans, F.R.S., took 
place, the onerepresenting the arguments with respect 
to the disputed question of the fixity of the earth’s 
axis from a physical and the other from a geological 
point of view. Siz William Thomson called atten- 
tion to the scratched stones which had been found 
in India, and which had evidently been scored by 
glacial action, as indications that India had at one 
period been nearer to the pole than it is now, or 
rather that the earth once revolved on an axis or 
diameter of which one end was nearer to India than 
the present axis of the earth is. Another theory of 
the glacial epoch in India is that the country was at 
that time more elevated and above the region of 
perpetual snow, and therefore under the influences 
of glaciers and avalanches. But Sir William Thom- 
son pointed out that in order to account for these 
stones on that hypothesis, it is necessary also to 
assume that as much as half the earth’s surface would 
have to be raised to the extent of 3500 ft. to disturb 








the earth’s centre of gravity to such an extent as to 





produce the variation or ‘‘ wobble” of the earth’s 
axis of rotation. 

Professor Haughton said that he had presented 
the problem to the section as an abstract mathema- 
tical question, and he had made the calculation that 
if Europe and Asia were to be suddenly raised from a 
depth of two miles below the level of the sea to 
% of a mile above it, the ‘‘ wobble” would be equal 
to 69 miles. No one, he said, amidst much laughter, 
had been more anxious than himself to move the 
position of the pole of the earth to suit the 
geologists than he had been; he had been pushin 
and pulling at it for a long time but nothing eonld 
induce it to move. In support of this he referred 
to fossils of bones of animals which were found in 
a ring or zone concentric with the pole, It had 
been argued that the presence of remains of tropical 
animals near the pole would show that that spot 
was at one time further from the axis of the earth, 
Upon this assumption, if the pole be pushed over 
to suit the climate, then the countries on the other 
side of the pole would be brought within the 
arctic circle, but against this theory was the fact 
that remains of the same animals were found at the 
opposite side of the pole, and that, in fact, they 
formed a concentric ring around the pole, 

The second paper by Professor Haughton turned 
more particularly upon the correct rendering of the 
original Greek in the description of the eclipse, and 
as to whether Agathocles sailed on one side of the 
Island of Sicily or the other. The discussion was 
carried on by Professor J. C. Adams and Professor 
Cayley. 

Professor Osborne Reynolds read an interesting 
paper ‘‘On the Rate of Progression of Groups of 
Waves, and the Rate at which Energy is Trans- 
mitted by Waves.” The paper was illustrated by 
two very simple models, which showed in a very 
beautiful manner wave motion and its progression 
by the successive swinging of a long lineof simple 
pendulums of uniform length. One of the models 
in which the pendulums were independent of one 
another was almost identical with that designed by 
Mr, C, J. Woodward, and which formed part of the 
Loan Collection of Scientific Apparatus. The other 
model consisted of a similar series of pendulums, 
but each connected with its neighbour by a thread. 
When these pendulums were set in motion the 
effect was very striking, and illustrated the various 
effects of waves in water, such as the rings formed 
round a centre of disturbance, as when a stone is 
thrown into a pond, and other phenomena of a like 
nature. 

Mr, C.J. Woodward next described a very simple 
apparatus to illustrate the coiricidence or interfe- . 
rence of plane waves by drawing their resultant in 
ink upon a sheet of Pere To make a description 
clear a drawing would be required, and we hope on 
a future occasion to refer to this instrument again. 
After an astronomical paper by Mr. F. G. Landon, 
one of the local secretaries of the section, 

Mr, 8S. P, Thompson, of University College, 
Bristol, read his paper ‘‘ On Binaural Audition.” In 
this paper the author showed that if two tuning- 
forks in imperfect unison be sounded, one being held 
to the right ear while the other is held to the left, the 
beats of interference may be heard as well as if both 
are sounding into one ear. In order to guard against 
any possible deception as to each ear having its own 
tuning-fork only, very special precautions were 
taken in Mr, Thompson’s experiments to shut the 
sound of one fork from that ear which was in com- 
munication with the other, but the results were the 
same, and seem to prove that the sense of appre- 
ciation of sonorous, vibration resides in the brain, or 
at all events within the cerebellum, 

One of the facts that will make the Plymouth 
meeting of the British Association memorable, is 
that the telephone of Professor Graham Bell was 
first shown in action at that meeting. In his open- 
ing address to Section A at the British Association at 
Glasgow last year, Sir William Thomson, who had 
just returned from America, briefly described what 
he considered the greatest by far of the wonders 
of telegraphy, and held in his hand the first tele- 
phone of Professor Bell, which we illustrated and 
described eight months ago.* That was we believe 
the first description given in this country of Bell's 
articulating telephone, and little has been heard of 
it untila few months ago, Since that time, how- 
ever Professor Bell has much improved the instru- 
ment, and here again, as before, in the direction of 
simplicity. 

On Friday last it was announced in the daily 


“® See ENGINEERING, vol. xxii., page 518. 
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journal of the British Association that Mr. Preece 
would read a paper in Section A upon the tele- 
hone with experimental illustrations, and although 
it was the sixth paper on the list for the day, the 
room was crowded from its opening with both 
ladies and gentlemen, who sat through several very 
diffieult and abstruse but intensely important — 
dealing with abstract mathematical subjects, and no 
one moved from his place notwithstanding the 
dryness to the majority of the audience of these 
papers. Mr. Preece’s paper, which we print in 
extenso on the present page, was most interesting, 
and we can most fully endorse his introductory 
remarks, in which he spoke of the greatest wonder 
of the instrument being its ridiculous simplicity. It 
consists merely of a small bar magnet, a coil of 
wire, and a thin disc of sheet iron, Both trans- 
mitting and receiving instruments are absolutely 
alike, being used as both, and the whole apparatus 
may be carried in the coat-tail pocket, At the con- 
clusion of the paper, conversation was carried on by 
the human voice with the post-office in the town, a 
distance of a quarter of a mile, and songs and music 
were transmitted also. Nor does it require a skilled 
voice or a skilled ear to transmit or understand the 
message. Both ladies and gentlemen among the 
audience and on the platform could converse with 
the assistant at the post-oflice with perfect ease, and 
indeed the working of the instrument is exactly 
similar to the use of a speaking tube and is quite as 
easy. After the experiments with the instrument 
in connexion with the post-oflice, connexions were 
made to Exeter, and sounds were distinctly heard 
in the telephone. These sounds were not dis- 
tinguishable from a roar or clatter, and were pro- 
duced by currents produced in the wire by the tele- 
graphic currents in the parallel wires along the 
poles between Plymouth and Exeter. When, how- 
ever, the traflic was stopped, as was done when Mr. 
Preece delivered his lecture on telegraphy in the 
Guildhall on Saturday night, both conversation and 
songs were transmitted, and the ticking of a Morse 
instrument in the instrument room at Exeter was 
distinctly heard at the Guildhall, Plymouth, a 
distance of some 50 miles, and the great success of 
the experiments drew forth, as might have been ex- 
pected, tremendous cheering and applause, 
PiymoutH, Wednesday. 

At the General Committee meeting which was 
held on Monday, Mr. William Spottiswoode was 
elected President for the next meeting of the 
British Association, which is to be held at Dublin 
on Wednesday, August 14, 1878, and an invitation 
was accepted from jhe City of York for the British 
Association to celebrate in that city its jubilee or 
fiftieth anniversary of its foundation, which took 
place in York in 1831. Invitations were also read 
to the meeting from Swansea and Nottingham for the 
year 1879, but the representatives of Swansea most 
gracefully gave way on account of the proximity of 
Nottingham to York, so that the British Association 
is now pledged to visit Dublin next’ year and 
Nottingham in 1879. It is also an understood 
thing (but beyond the power of the Association to 
guarantee as a pledge) that Swansea will be visited 
in 1880, and York in |S81. 

The following grants were voted at the meeting 
of the General Committee held this afternoon at the 
Reception Rooms upon the suggestion of the Com- 
mittee of Recommendations : 


Synopsis of Grants of Money appropriated to Scientific 
Purposes by the General Committee at the Plymouth 
Meeting in August, 1877. The names of the Members 
who would be entitled to call on the General Treasurer 
for the respective Grants are prefixed. 


Mathematics and Physics. 
*Cayley, Professor—Continuation of Borck- 
hardt’s Tables __... int he = 
*Foster, Professor G, C.—Observation of 
Atmospheric Electricity at Maderia ... 
*Glaisher, Mr. J.—Luminous Meteors’ .., 
*Joule, Dr.— Determination of the VMe- 
chanical Equivalent of Heat (renewed) 
*Thomson, Sir W.—Measurement of she 
Lunar Disturbance of Gravity (renewed) 


Chemistry. 
*Brown, Professor Cram — Quantitative 
Estimation of Atmospheric Ozone 
Roberts, Mr. Chandler—Chemical Com- 
sition and Structure of some of the 
eokaewa Alkaloids... ‘nn ane 


Geology. 
*Evans, Mr. J.—Kent’s Cavern Exploration 
*Evans, Mr. J.—Record of the Progress of 
Geolo ot ss ae ‘an gee 
Godwin-Austen, genres Boring Ex- 


£ 
100 


15 


10 














*Harkness, Professor—North-West High- 
lands Fossils 


Haughton, Rev. Dr.—Fermanagh Caves 
Exploration ¥ oop ooo 
*Herschel, Professor A.—Thermal Conduc- 
tivities of Rocks ... bss és es 
*Hull, Professor—Circulation of Under- 
ground Waters ... ded pee * 
*Lubbock, Sir J., Bart.—Victoria Cave, 
Settle, Exploration bee sie me 


Biology. 
*Dew-Smith, Mr.—Table at the Zoological 


Station, Naples ... = os ene 
*Fox, Col. Lane—Exploration of Ancient 
Earthworks sm dun ane oa 
McKendrick, Dr.—Investigation of Pulse 
Phenomena by Thomson’s Siphon Re- 
corder eco wid ote oan ag 
Rolleston, Professor—Examination of two 
Caves and Tumuli near Tenby... “a 
*Stainton, Mr.—Record of Zoological Lite- 
rature a ‘as aa we ane 
Thomson, Dr. Allen — Transmission of 
Electrical Impulses through Nerve 
Structure ... eo ese ila éés 


Statistics and Economic Science. 
*Farr, Dr. — Anthropometric Committee 
(renewed) ... one oe po ra 


Mechanics. 
*Froude, Mr. W.—Instruments for Meua- 
suring the Speed of Ships (renewed) ... 
*Thomson, Sir W.—Datum-Level of the 
Ordnance Survey... va of 


* Reappointed. 
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The Sayings and Doings of the Skittish Association. 
Dedicated to Y* Red Lion Clubbe. By the Reverend 
Carcinus Mvutz,jE.Q.C. Plymouth: W. Brendon and 
Son. 

Tuts is an exceptionally clever s£i¢ on some of the 
well-known papers that have been read before the 
Association, and on the progress of science in most 
of the branches recognised by the sections during 
the last ten years orso. It is impossible to open 
the book without seeing upon almost every page 
the stamp of the work of a highly scientific mind, 
as well as of a master of humour. Some of the 
papers, while being ludicrous in the results to which 
their arguments lead, are so absurdly like the 
original memoirs and the style of their authors, that 
it is difficult to believe them the work of another 
hand. The book is already becoming a puzzle, and 
many are the suggestions as to who the author or 
authors can be, 

The chapter on Vivisection and Vivisectors, in 
which the practices of huntsmen (or ‘“* Hunterian 
professors” as they are called) ,are discussed with 
sentimental horror, as if they were wanton vivisec- 
tions, but with so much humour under a profoundly 
serious tone that it cannot fail to amuse while it 
satirises the species of reasoning adopted by the 
opponents of physiological research. 

The proceedings in the Geological Section are 
splendidly given, and the story of the ‘‘ Professor 
and the Ostrich’s Egg” will amuse all readers, 
while those who know the circumstances and the 
persons alluded to, will enjoy a rare treat. 

It is difficult to make quotations from this capital 
book when the whole is so good; but we cannot 
omit to mention the account of the ‘‘ Discoveries 
in the La-Morna Cave,” which chapter alone is 
worth the value of the book, 

We have little doubt that ‘‘ The Sayings and 
Doings of the Skittish Association” will have a great 
success, and as it contains the whole of the cele- 
brated song, called the ‘“‘ Natural Anthem,” com. 
posed by the late Lord Neaves, and sung by him at 


the Red Lion dinner at Dundee, many will wish to | dia: 


possess it if only for that reason. 








A New American Bripex.—An iron bridge over the 
Des Moines river at Des Moines has just been completed. 
The substructure consists of six piers each of two clusters 
of nine white oak piles 35 ft. long, driven to a plane 
42 ft. below the track. The piles, each one 1 ft. square, 
are bolted together and cut off 2 ft. below the top of a 
cylinder of 4 in. iron, 5 ft. in diameter and 24 ft. long, 
weighing 10,000 Ib. This is sunk 6 ft. into the gravel bottom 
and is then filled with concrete and capped with a cast 
bridge seat for the truss. The concrete and piles carry 
the load, while the cylinder and concrete preserve the 
piles from rot. cluster has to sustain 110 tons, or 
170 lb. per square inch of piling. The superstructure 
consists of five Pratt truss spans 15 ft. wide, 21 ft. high, 
and 107 ft. 4 in. between the pier centres. eR 


THE TELEPHONE.* 
By W. H. Preece, Memb. Inst. C.E., &c. 

In the following paper I call instruments employed in 
the transmission of musical sounds, tone telephones, and 
those employed in the transmission of the human voice, 
articulating telephones. 

In the year 1837, Page, an American physicist, disco- 
vered that the rapid magnetisation and debtediiantion 
of iron bars produced what he called ‘‘ galvanic music.” 
Musical notes depend upon the number of vibrations im- 
parted to the air per second. If these exceed sixteen we 
obtain distinct notes. Hence, if the currents passing 
through an electro-magnet be made and broken more than 
sixteen times per second, we obtain ‘‘ galvanic music” by 
the vibrations which the iron bar imparts to the air. The 
iron bar itself imparts these vibrations by its change of 
form each time it is magnetised or demagnetised. 

De la Rive, of Geneva, in 1843, increased these musical 
effects by operating on long stretched wires which passed 
through open bobbins of insulated wire. ’ 

Philip Reiss, of Friedrichsdorf, in 1861, produced the 
first telephone which reproduced musical sounds at a dis- 
tance. He utilised the discovery of Page by causing a 
vibrating diaphragm to rapidly make and *: a galvanic 
circuit. The principal of his apparatus is shown in 
Fig. 1 annexed, in which diagram 6 is a hollow wooden 








| box into which the operator sings through the mouthpiece 

a. The sound of his voice throws the diaphragm c into 
| rapid vibration, so as to make and break contact at the 
platinum points @ at each vibration. This interrupts 
the current flowing from the batteries E as often as the 
|diaphragm vibrates, and therefore magnetises and de- 
magnetises the electro-magnet as often. Hence, what- 
ever note be sounded into the box a the diaphragm c 
will vibrate to that note, and the electro-magnet/ will 
similarly respond and therefore repeat that note. 

Musical sounds vary in tone, in intensity, and in quality. 
The tone depends on the number of vibrations per second 
only ; the intensity on the amplitude or extent of those 
vibrations ; the quality on the form of the waves made by 
the vibrating particles of air. 

It is evident that in Reiss’ telephone everything at the 
receiving end remains the same, excepting the number of 
| vibrations, and therefore the sounds emittted by it varied 
only in tone and were therefore notes and nothing more. 
The instrument remained a pretty philosophical toy and 
was of no — value. 

Cromwell Varley, in 1870, showed how sounds could be 
produced by rapidly charging and discharging a condenser. 

Elisha Gray, of Chicago, in 1873 succeeded in producing 
tones from the finger when rubbing a dry sonorous body, 
such as an ordinary tin can, while the intermittent 
currents sent by a vibrating tuning-fork were passing 
through it; an | by attaching an electro-magnet to a 
hollow sounding box, open at one end and closed at the 
other, he was able to reproduce the tones of the musical 
notes transmitted. His electro-magnet had its armature 
rigidly fixed to one pole, and separated from the other by 
a space of 7,th of an inch, He called it a resonator. 
The vibrations of this armature are imparted to the 
sounding box and become therefore magnified. He con- 
structed a keyboard, of two octaves compass, with steel 
ireeds, each of which was tuned to its proper note and 
|maintained in vibration by electro-magnets. When the 
| key corresponding to any note was depressed its correspond- 
jing reed was connected to line, and the proper number of 

currents transmitted to the distant station, where they 
operated the resonator and thus reproduced the note. In 
this way tunes were played and the instrument became an 
|electric organ. By attaching organ pipes to his resonator 
he magnified the sounds and was able to fill a large hall 
with music played at places from 90 to 280 miles away. 
More than that he proved the practicability of transmit- 
ting chords and composite sounds to distant places. Gray 
also invented a method by which the intensity of the notes 
as well as their tones could be transmitted. Mr. Leonard 
Wray also introduced a capital receiver which emits the 
sounds received from a Estene by means of Riess 





phragm. 

It remained for Professor Graham Bell, of Boston, who 
has been working at this question with the true spirit of a 
philosopher since 1872, to make the discovery by which 
tone, intensity, and quality of sounds can all be sent. He 
has rendered it possible to reproduce the human voice with 
all its modulations at distant points. I have spoken with 
a person at various distances up to 32 miles; and through 
about a quarter of a mile I have heard Professor Bell 
breathe, laugh, sneeze, cough, and in fact make any sound 
the human voice can produce. Without explaining the 
various stages through which his apparatus has passed, it 
will be sufficient to explain it in its present form. Like 
Riess he throws a diaphragm into vibration, but Professor 
Bell’s diaphragm is a disc of thin iron a, which vibrates in 
front of a soft iron core b, attached to the pole of a perma- 


* Paper read before the British Association at Ply- 
mouth, . 
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nent bar magnet NS (see Fig. 2). This core becomes 
magnetised by the influence of the bar magnet NS, in- 
ducing all around ita magnetic field, and ge po iron 
diaphragm towards it. Around this core is wound a small 
coil ¢ of No. 38 silk-covered copper wire. One end of this 
wire is attached to the line wire, the other is connected to 
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the earth. The apparatus at each end is identically similar, 
so that it becomes alternately transmitter and_ receiver, 
first being put to the mouth to receive sounds and then to 
the ear toimpart them. Now the operation of this apparatus 
depends upon the simple fact that any motion of the dia- 
phragm a alters the condition of the magnet field surround- 
ing the core 6, and any alteration of the magnet field, that 
is either its strengthening or weakening, means the in- 
duction of a current of electricity in the coilc. More- 
over, the strength of this induced current depends 
upon the amplitude of the vibration, and its form or the 
rate of vibration. The numberof currents sent of course 
depends upon the number of vibrations of the diaphragm. 
Now each current induced in the coil ¢ passes through the 
line wire to the coil c', and then it alters the magnetisation 
of the core b’, increasing or diminishing its attraction for 
the iron diaphragma’. Hence the pa Reed a’ is vibrated 
also, and every vibration of the diaphragm a must be re- 
peated on the diaphragm a' with a strength and form that 
must vary exactly together. Hence, whatever sound pro- 
duces the vibration of a is repeated by a’, because its 
vibrations are an exact repetition of those of a. 

It is quite evident however that Bell’s telephone is limited 
in its range. The currents operating it are very weak, 
and it is so sensitive to currents that when attached to a 
wire which passes in the neighbourhood of other wires, it 
is subject to be acted upon by every current that passes 
throngh any one of those wires. Hence, ona busy line, it 
emits sounds that are very like the pattering of hail against 
a window, and which are so loud as to overpower the 
effects of the human voice. 

Now Mr. T. A. Edison, of New York, has endeavoured 
to remedy these defects in Bell’s by introducing a trans- 
mitter which is operated by battery currents, whose 
strength are made to vary directly with fhe quality and 
intensity of the human voice. In carrying out his investi- 
gations in this field he has discovered the curious fact that 
the resistance of plumbago varies in some ratio inversely 
with the pressure brought to bear upon it. Starting from 
Reiss’ transmitter he simply substitutes for the platinum 
point (d) a small cylinder of plumbago, and he finds that 
the resistance of this cylinder varies sufficiently with the 
pressure of the vibration of the diaphragm to cause the 
currents transmitted by it to vary in form and strength to 
reproduce all the varieties of the human voice. His re- 














ceiver also is novel and peculiar. In 1874 he discovered 
that the friction between a platinum point and moist 
chemically prepared paper varied every time a current was 
passed between the two, so that the rate with which the 
paper moved was altered at will. Now by attaching to a 
resonator @ a spring b, whose platinum face c rested on 
the chemically prepared paper d, whenever the drum e was 
rotated and currents sent through the paper, the friction 
between c and e is so modified that vibrations are produced 
in the resonator a, and these vibrations are an exact re- 
production of those given out by the transmitter at the 
other station. 

_Edison’s telephone, though not in practical use in Ame- 
rica, is under trial. In some experiments made with it 
songs and words were distinctly heard through 12,000 
ohms, equal tu a distance of 1000 miles of wire. 

Bell’s telephone is, however, in practical use in Boston, 
Providence, and New York. There are several private 
lines that use it in Boston, and several more are under 
construction. I tried two of them, and though we suc- 

ed in conversing, the result was not so satisfactory as 
experiment led one to anticipate. The interferences of 
working wires will oy | retard the employment of this 
apparatus, but there is no doubt that scientific inquiry an 
patient skill will rapidly climinate all practical defects. 

To Professor Graham Bell must be accorded the full 
credit of being the first to transmit the human voice to 
distances beyond the reach of the ear and the eye by means 
of electric currents. 





New ZEALAND RarLways.—The net profits of the New 
Zealand Government railways for the current financial year 
are estimated at 170,0001. The New Zealand Government 
contemplates a further loan of 2,000,0001.; of this loan 
940,000. is to be devoted to new railway works. 


d | of the contractors. 





NOTES FROM THE NORTH. 
: Guaseow, Wednesday. 
Glasgow Pig-Iron Market.—Flatness was the rule in 
the Glasgow pig-iron market last Thursday forenoon, and 
business was done in warrants at 55s. 3}d. Subsequently 
there was an improvement to 55s. 44d. prompt and 55s. 5d. 
one month, the market closing with buyers at the latter 
price, and sellers at 55s. 44d. prompt cash. Theafternoon 
market was steady. Asmallamountof business was done 
at 55s. 44d. and 55s. 5d. cash, buyers at the close offering 
55s. 4}d. cash, and sellers asking a shade more. The 
market opened dull on the following morning, and business 
was done in warrants at 55s. 3d. cash, improving to 55s. 4d., 
at which latter price there were buyers at the close, sellers 
asking 55s. . prompt cash. A further improvement 
took place in the afternoon from 55s. 4d. to 55s. 5d., and 
the market closed with buyers at 55s. 5d., sellers near. 
Practically, the closing prices were the same as on the 
previous Friday. The pig-iron market was steady on Monday 
forenoon, when business was done in warrants at 55s. 5d. to 
55s. 4d. cash, also at 55s. 6d. to 55s. 44d. one month fixed, 
closing with buyers at 55s. 4d. cash, sellers asking 55s. 4d. 
There was a quiet and steady market in the afternoon— 
buyers at 55s. 34d. and sellers at 55s. 44d. prompt cash. The 
warrant market was dull yesterday, and prices fell 2d. per 
ton. Business opened in the forenoon at 55s. 3d. cash, 
and 55s. 4d. to 55s. 3d. one month, and closed with sellers 
at 55s. 3d., and buyers at 55s. 2d. In the afternoon there 
was a further decline to 55s. 2d. and 55s. 14d. cash, 
and one month; and the market closed at the 
lower prices. There was a very quiet market this fore- 
noon, when business was done in warrants at 55s. 3d. cash, 
also at 55s. 4d. and 55s. 3d. one month fixed, closing with 
sellers at 55s. 3d. cash, buyers offering 55s. 2d. About 
500 tons changed hands at 55s. 2d. one month. No ma- 
terial change took place during the afternoon. Owing to 
the desire to realise the higher prices in the early portion 


of last week, there was a decidedly less vigorous buying | P®™ 


towards the end of the week, so that the blowing out of a 
number of the blast furnaces was eventually rather in 
favour of buyers than of sellers. By some persons it is 
still thought that prices may advance a little. At the end 
of last week there were 84 blast furnaces in operation, as 
against 115 at the same time last year, and the production 
is set down as being about 16,000 tons per week, as com- 
pared with about 21,000 tons per week a year ago. Shipping 
iron has been rather less in demand of late than it was for 
some weeks, but the quotations are unchanged, and are 
somewhat firm. Last week’s shipments from all Scotch 
ports amounted to 12,096 tons as against 9711 tons in the 
corresponding week of last year. There is still a large 
quantity of iron being sent into store, and the total stock 
with Messrs. Connal and Co. up till last Friday night 
— 184,488 tons, thus showing an increase for the week of 
tons. 


Clyde Shipbuilding Lock-Ouwt.—The dispute in the Clyde 
shipbuilding trade, which commenced about five months 
ago with the strike of the ship carpenters, and which sub- 
sequently assumed the form of a lock-out, is now nominally 
ani practically at an end, the employers having resolved, at 
a meeting held in Glasgow on Monday, to open their yards 
to all and sundry for whom there might be work. Accord- 
ingly, a notice in the following terms was posted up on 
Monday night or yesterday morning on all the gates where 
the lock-out had been in operation: ‘‘As the workmen on 
strike have intimated to the employers their willingness to 
refer the dispute to arbitration; pending this, these works 
are now open to those workmen required at the rate of 
wages existing before the strike.’’ ‘The lock-out has been 
rather a failure, no advantage having been gained by the 
employers ; and it is really the case that the workmen on 
whose account the lock-out was instituted, namely, the 
shipwrights, offered, at the time they came ont on strike, 
that their request for an advance of wages should be re- 
ferred to arbitration, considering jthat the employers 
declined to accede to the request. Hitherto the unemployed 
workmen have looked uponthe notices with comparative 
unconcern, as only some 200 or 300 have applied to be taken 
on again, the boiler-makérs and shipwrights being of 
opinion that they should only resume work on the rates 
of wages that may eventually be awarded by the arbi- 
trators. There is every reason to believe, however, that 
we have now seen the ‘‘ beginning of the end’’ of a most 
disastrous event in the history of the great industry of the 
Clyde ; and it is to be hoped that the dispute will now be 
closed on terms that will be fair and honourable to both 


parties. 

The Greenock Harbour Trust and the River Line.—At 
a meeting of the Greenock Police Board, held last Friday, 
Provost Lyle, in intimating that he proposed being absent 
from Greenock for a month or so, referred to the work 
done in some of the committees of the trusts: Speaking of 
the Harbour Trust, he said that they had received an 
answer to the Clyde Lighthouse Trustees, prepared by their 
agent in London, under the supervision of Sir John Hawk- 
shaw, which would be sent to the Lighthouse Trustees that 
day. The specifications for the new dock have been ad- 
vanced a stage. Mr. Kinipple was in the act of getting 
them prihted, and very soon they would be in the hands 
The trustees had done all they could 
for some time now, and they waited the decision of the 
Lighthouse Trustees. 


Road Engines in Glasgow.—In the minutes of the 
Magistrates’ Committee submitted to a meeting of the 
Glasgow Police Board on Monday, a report was embodied 
from Mr. John Lang (clerk) in reference to road steam 
traction engines. He stated that there were three sets of 
proprietors who had these engines now in use on the streets 
of Glasgow, and added that the importance of adopting 
precautionary measures against accident resulting from 
any insecurity of the boilers of road traction engines was 





obvious. He su that the owners of such engines 
should be sepa tp neatoee quarterly to the chief con- ~ 
stables satisfactory certificates of the security of the boilers 
of all road traction engines within the bounds, 
and that all engines not so certified should be discontinued 
on the streets of the city The minutes were approved of. 


Steam on Tramways.—Messrs. Hughes and Co.’s steam 
engines adopted by the Vale of Clyde way Company, 
are now running full time. Competent engine drivers have 
been secured, and Mr. Hughes was in attendance on 
Monday last Regperse Ts | the working. Major-General 

itted his decision to the Board of 
He 


Hutchinson has submi 

Trade regarding his inspection made on the 9th inst. 
states that the steam engines of Messrs. Hughes and Co., 
Loughborough, to be employed on the Vale of Clyde Tram- 
way, are in every respect suitable for traffic. 

Great Rainfall and Destruction of Property.—During 
the five days ending yesterday, there was a most extra- 
ordinary rainfall throughout many parts of Scotland, and 
from Friday to Monday inclusive, it mounted to 4.46 in., 
as gauged at the Royal Observatory, Edinburgh. Rail. 
way embankments have been brought down, lines of railway 
have for a time been rendered impassable, bridges here 
and there have been undermined and brought down, and 
altogether a great destruction of property has been the 
veoul of the rainstorm. 





NOTES FROM THE SOUTH-WEST. 

The Mumbles.—During the last few days, about fift 
men of No. 2 Brigade, Royal Artillery, have 2 engaged 
in dismounting the guns at the Mumbles battery, and in 
making arrangements for replacing them with new and 
improved ordnance. 


Swansea Tramways.—Two tram - cars, built to the 
order of the Swansea Improvements and Tramways Com- 
y, have arrived at Swansea from the works of Messrs. 
Starbuck and Co.,; Birkenhead. They are intended for 
the Oystermouth section of the company’s undertaking. 
On Friday a trial was made on the Mumbles line of a 
new steam tramway engine, named the “‘ Pioneer.’? The 
engine is one of Hughes’ patent, and worked smokelessly 
sakoul generally. ‘The engine has the appearance of a 
railway carriage, the machinery being all covered in. The 
Tramway and General Works Company raneaa 4 are re- 
novating the permanent way of the Oystermouth line, and 
are proceeding actively with the arrangements for exevut- 
ing the other works comprised in their contracts, viz., the 
completion of the improvements at Aberdyberthy Bridge ; 
the construction and equipment of the line from the St. 
Helen’s-road to Gower-street ; the ing out of the 
improvements authorised on that route ; the equipment of 
the Oystermouth and Morriston lines; and the construc- 
tion of the necessary stables for the whole tramway under- 
taking. The contract for the line from the bottom of 
High-street to Morriston is being proceeded with, nearly 
1000 tons of granite having been already delivered. The 
Landore Siemens Steel Company (Limited) are supplying 
the rails, and will be ready to deliver a considerable por- 
tion of them next week. 


The Severn Bridge.—Recent high tides in the river 
Severn have damaged one of the “‘ piers ;’”” and apart from 
the delay thus occasioned, it will cost 2001. to replace the 
injured ironwork. 


A Strike Ended.—A large body of colliers who recently 
went on strike at Blaina have agreed to resume work tem- 
porarily on an advance of 10 per cent. in their wages being 
conceded to them by the Nantyglo and Blaina Iron Works 
Company (Limited), The men wee ope | demanded an 
advance of 15 per cent. The question of the remaining 


5 per cent. is to be considered subsequently. 


North Wales Railway.—This line has been opened for 
passenger traffic from Carnarvon to Beddgelert. 


The Swansea Valley.—The Yniscedwin Iron Works and 
Collieries are about to resume work. These collieries are 
among the most important in the Principality, and their 
production is equal to an output of from 600 tons to 1000 
tons per day of the best quality of anthracite coal. 


Severn Bridge Railway.—The engineers (Mr. G. W. 
Keeling and Mr. G. Wells) report that the progress made 
by the Hamilton Windsor Iron Company is satisfactory. 
The masonry pier No. 1 has been founded. The cylinders 
for 15 piers, viz. Nos. 2 to 14, also No. 16and 17, have been 
founded in the rock and filled with concrete. The cylinders 
for piers Nos. 15 and 21 are in position upon the rock, and 
the founding is now being completed. The pe a 
staging for pier No. 18 is constructed, and the cylinders 
will shortly be pitched and sunk. The remaining two piers, 
Nos. 19 and 20, have yet to be commenced. Fifteen piers 
are built up to the full height and completed to the under- 
side of the girders. Thirteen spans of the superstructure 
are erected, the distance completed being about 586 yards, 
or half the entire length. A swing bridge across the new 
canal has been finished and works satisfactorily. All the 
ironwork for a swing bridge over the old canal has been de- 
livered ; s large circular masonry pier to carry this bridge 
has been nearly completed. One of the 324 ft. spans is 
now being erected at the works at Garston, and will soon 
be delivered. The cast iron for cylinders, machinery, &c., 
delivered (including that fixed) is about 3400 tons. The 
wrought iron delivered is about 2500 tons. The contract 
work on the railway approaches is still progressing slowly. 
Nine of the piers of a viaduct at Purton are in progress, 
and 2100 cubic yards of masonry have been executed. _ At 
Sharpness, the dock viaduct and an accommodation bridge 
have been nearly completed. 

~ Gloucester Wagon Company (Limited).—The half-yearly 
report of the directors of this company states that the 
business of the company continues in a depressed state 
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and advises the yment to each Selly vet shareholder 
of 50 per cent. of the amount stand his credit on the 
books. The directors recommend the payment of a 
dividend at the rate 4 A neg’ a tng! as 
be necessary to take . from the guaran und in 
order to pay this dividend. The company has commenced 
the manufacture of railway signals. The wagon stock of 
the company now consists of 10,469 vehicles, viz., 4431 sold 
on deferred payments, 5454 let on hire, 10 in use by the 
company, and B74 unemployed. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Board of Trade Inquiry.—On Monday Colonel Rich, 
one of the inspectors of the Railway Department of the 
Board of Trade, held an inquiry as to the cause of the 
somewhat serious accident which happened at the Kilnhurst 
station of the Midland Railway last week. The colonel, 
and some of the principal officers of the Midland Company, 
visited the scene of the accident, and then concluded the 
inquiry at Sheffield. The accident arose through some 
coal wagons which were being shunted leaving the up rails 
at some points just as a down ay 9 train was passing. 
The wagons being thrown against the first carriage, the 
latter was pushed over, and several passengers sustained 
serious injuries. 

Miners’ Demonstration at Barnsley and Rotherham.— 
During the week largely attended outdoor demonstrations 
of miners have been held at Barnsley and Rotherham, and 
have been addressed by their chief leaders from various 
parts of the country, after which resolutions have been 
adopted in favour of closer union, the county franchise, 
and other matters. 


Corporation Expenditure at Rotherham.—The Local 
Government have written tothe Rotherham Town 
Council with respect to the various loans, amounting in 
the aggregate to 67,0001., required for gas extensions, 

The letter states that there is no — 
to the money being raised for the gas works, or for the 
markets, and sanction is, therefore, given for those loans. 
Permission is also given to borrow over 30001. for a new 
iron bridge over the Don, and for 50001. for other local 
purposes. As to the loan of 25,0001. for water works 
purposes, plans and estimates must first be furnished, 
and an explanation is requested as to a sum ‘of 1100/. 
sanctioned for sewage works in 1869. 


The Flooded Collieries near Dronjield.—The two 
collieries near Dronfield, belonging to Messrs. Booker and 
Messrs. Andrews and Co., which were flooded some time 
ago owing to the miners breaking into old workings in 
which there was a t accumulation of water, have now 
been nearly desek onl will shortly be ready for the men 
to resume work. 


Wakefield Water Works Company.—On the 31st half- 
yearly meeting of this ey oy on Friday last it was 
sta that the ment which the corporation be- 
came owners of the undertaking would be'completed on 
September lst, by the payment of 481. for every 25/. share 
a 241. for every 12/. 10s. share. 


The che Drainage Scheme.—At a meeting of the 
Pontefract Town Council on Thursday evening last, the 
drainage scheme, as proposed at the previous meeting, was 
laid before the council for confirmation. The plans involve 
the expenditure of a large sum of which it is proposed to 
borrow 50001. After a long and an; discussion the 
council rejected the sch although it bed the recommen- 
dation of the borough surveyor and the Streets and High- 
ways Committee. 


The Water Works at Leyburn.—The water works at 
Leyburn were completed on Thursday last. The water is 
brought a distance of 2} miles, from a spring on Leyburn 
Moor and from the level of an old mine at Heavingtree. 
The supply is about 40,000 gallons daily, and the works 
have cost something like 2000/., the plans being by Mr. 
Blount, C.E., London. The pressure in the mains from 
the reservoir alone is 110 Ib. to the square inch. The cost 
has been borne by the urban sanitary authority. 











THE PaRIs EXHIBITION. — It was originally intended that 
the railway station at the Paris exhibition building, 1878, 
should be built of wood. It is now proposed, however, to 
construct it of iron, and the work of construction has been 
entrusted to M. Baudet, of Paris. 





Russtan Rattways.—At the close of June, 1877, there 
were 18,700 versts of line in operation in Russia. The 
corresponding extent of line in working at the close of 
June, 1873, was 13,553 versts. It follows that 5147 versts 
of new line have been opened in Russia during the last four 
years. 





Tae Consett Iron Company (Limrtep.—Notwith- 
standing the extreme depression through which the iron and 
coal trades have been passing during the year, this com- 
pany has made a profit of some 83,0002,, and this will pro- 
vide for a dividend of 15 per cent. being paid (of which 
5 per cent. has already been paid as interim dividend), and 
something is also added to the reserve fund. 


Sours Irat1an Raruway.—The renewals carried out 
upon the South Italian Railway last year comprised 16,267 
rails, 161,901 girders, 16,067. fish-plates, 107,184 bolts, 
200,455 cramps, &c. In order to insure re ity and 
security in the traffic service, disc ——— have been erected 
at several stations, and at several points on the Foggia 
and Naples and Naples and Eboli lines permanent slack- 
ening signals have been provided. In the Naples station 


a system of electric signals has been established. Some 
new turntables have also been laid down. 








PERMANENT WAY FOR THE GENEVA TRAMWAYS. 
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WE give above engravings showing the permanent 
way adopted for the tramways at Geneva. The details 
are so clearly shown by our illustrations that they require 
no explanation, and we need merely add that the rails 
weigh 28 lb. and the countcr-rails 22 lb. per yard. The 
rails and counter-rails are bolted, as shown, to cast-iron 
chairs, and the arrangement is, we understand, giving 
great satisfaction, 
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HEATING BUILDINGS.* 
On a New Mode of Circulating Hot Water through very 

Large Buildings, and upon a New Mode of Softening 

Water, as carried out at the New Lunatic Asylum (the 

third) for the County of Middlesex, situated on Ban- 

stead Downs, in Surrey. 
By Mr. F. J. Bramwet1, F.R.S. 

THE author stated that this asylum extended over many 
acres, comprising as it did numerous separate ‘‘ blocks’’ as 
they are technically called, for the reception of the patients, 
for infirmaries, the administration department, and other 
purposes. In order to obtain economy and simplicity in 
management, it was desirable that the whole of this ex- 
tensive acreage of buildings should be heated and supplied 
with hot water for baths and other purposes from one 
source of heat. It was well known that in a single 
house, or even inasingle large building, the circulation of 
hot water could be automatically maintained by the mere 
difference in gravity between the hotter ascending column 
of water and the cooler and heavier descending column. 
The power thus obtained, however, was wholly inadequate 
to cope with the thousands of yards—miles, indeed—of 
pipes at Banstead. To overcome the difficulty and to 
enable the building to be warmed and supplied from 
a single source of heat, the author had devised the 
plan of placing in the engine-house a centrifugal pump, 
which forced the water along the outgoing main and ex- 
hausted it along the return main. These mains were con- 
veyed side by side in trenches throughout the whole enor- 
mous establishment. They were not connected at their 
ends, but at each block of buildings a pipe, controlled by a 
valve, led the hot water into that block and supplied the 
whole of the heating coils therein, the outlet pipe from this 
system of coils being united to the return main. Thus the 
water circulates through each block with the velocity due 
to the difference of pressure between the outgoing and the 
return mains, instead of circulating with the feeble velocity 
arising from a mere difference in temperature. It would 
be seen that there was practically no waste of fuel in the 
employment of steam to work the centrifugal engine, be- 
cause the waste steam of the engine was used to aid in 
heating the water. The author of the paper proceeded to 
point out how this system of forced circulation would 
render it —_—- lay on to groups of building, such as 
streets of workmen’s dwellings, a supply of hot water 
for heating their dwellings and for washing purposes. 
The water was pure spring water obtained from a deep 
well in the chalk. This water was about 17 degrees of 
hardness, and was therefore a perfectly fit water for 
dietetic purposes in its natural condition, but on being 
boiled it deposited the carbonate of lime in the boilers 
and pipes through which it was conveyed, and thus the 
author of the paper was led to urge upon the istrates 
the necessity, if they wished to preserved their beltes and 
ae | oa from being coated with carbonate of 
lime, of softening the water by Dr. Clarke’s process. This 
process is known to many as an extremely beautiful and 
simple one. The hardness of chalk waters depends prin- 
cipally upon their containing a certain amount of bicar- 
bonate of lime in solution. Lime is soluble in water 
readily, bicarbonate of lime is soluble in water ng 
but carbonate of lime is insoluble. If, therefore, the 


* Paper read before the Mechanical Science Section of 





the British Association at Plymouth. 
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bicarbonate could be converted into a carbonate it 
would be deposited from the water, which would thus 
become soft. This conversion of the bicarbonate into a 
carbonate is effected in Clarke’s process by mixing with the 
natural water containing the bicarbonate a small portion, 
one-tenth to an eighth, of water in which lime has been dis- 
solved. On these waters being united they instantly become 
milky, and after being allowed to stand for some hours the 
water again becomes bright, the carbonate of lime having 
fallen to the bottom. This operation, however, it will be 
seen, requires very large depositing tanks and a considerabe 
expense, therefore, in plant, but Mr. Porter has recently 
invented an improvement upon Clarke’s process which ap- 
pears to promise excellent results, and after experi- 
ment been adopted at Banstead. The principle and mode 
of treatment, as far as the chemistry is concerned, are pre- 
cisely the same as Dr. Clarke’s, but instead of waiting the 
slow process of deposition to separate the carbonate of lime 
from the water, the mixed water is passed through filter 
resses of a peculiar construction, wherein the very car- 
nate of lime itself is made the filtering medium for itself, 
and in this manner within a quarter of an hour of the mix- 
ture having been made perfectly pure and soft water issued 
forth. There are four presses at Banstead, and these are 
sufficient to filter an average hourly quantity of 60,000 
gallons of the purest and softest water. This water is 
pumped into the tank on a tower 80 ft. high. The tank 
contains 240,000 gallons. Six-inch pipes, so as to avoid 
friction, are laid all over the asylum, and internal and ex- 
ternal hydrants are fitted thereto. Moreover, if a fire con- 
tinued so long that the tank was exhausted the engines 
which draw the water from the well and raise it into the 
tank can be caused to act direct as fire engines. The whole 
of the work, except the Porter-Clarke process, has been 
carried out by Messrs. Eastons and Anderson, and the 
author of the paper was the engineer to whom the Middlesex 
— confided the design and superintendence of the 
work. 








Tue Frencu Iron Trape.—In the French iron trade, 
merchants’ iron is the most in favour. Plates and other 
articles are in no great demand. The steel works of the 
east and the centre of France have work on hand especially 
for rails and tyres. 





Port Prriz.—A very strong wharf is now being con- 
structed at Port Pirie, South Australia. With the excep- 
tion of the sheet-piling, which is 12in. by 6in., all the 
timber is in balks 12in. by 12in., of long lengths. The 
wharf, when completed, will extend from David to Alex- 
ander Streets, a distance of 500 ft., and it will enclose the 
whole of the Government reserve, upon which, when it is 
filled in, the railway station, post office, and workshops for 
the harbour department will be erected. 


A New ZeaLanp Wuarr.—Tenders have been invited 
for a new railway wharf at Onehunga. The structure is 
one of considerable importance, being intended to afford 
means of penn Se vessels of the largest tonnage enter- 
ing Manukan harbour, and also to provide means of rail- 
way communication direct from the vessel’s side or to it, as 
the case may be. The total length of the structure includ- 
ing about 100 yards of em ent, which will extend 
nearly to the outer end of the present wharf, will be 850 ft. 
The connexion will be at the shore end of the present 
w The new structure is intended to be a thoroughly 
substantial one. There will be five rows of piles, 8 ft. 
apart, wilh additional piles at the outer end where the 
turntable of the engine is to be fixed. The width of the 
embankment portion will be 45 ft. The outer section run- 
ning down stream for a length of 360 ft. is to be 33 ft. in 
width ; the next section for a length of 140 ft. is to be 
ing section of 88 ft. at the 
wharf will be in con- 
and rails are 
be provided. 





shore end is to be 40 ft. across. T 1 
nexion with the Kaipara and Punui Railway, 
to be laid down upon it; a turntable is also to 














Ave, 24, 1877.] 


ENGINEERING. 


i 
bd 
Nn 





THEILER’S PATENT SPEED RECORDER 
AND INDICATOR, 

Tuts machine, of which we give an engraving below, 
has only recently been brought out to meet one of the 
objections to steam power in street locomotion, ie., the 
great danger arising from possible abuse of the great 
motive force placed at the disposal of the driver. 

By means of this apparatus it can be at any time 
ascertained what speed has been run, and if the maximum 
permitted has been exceeded the machine will record that 
fact with strict accuracy upon a paper ribbon, thus: 
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In the above fac-simile of the record the figure 0 denotes 
stoppage, the + forward, and the — backward motion of 
the vehicle. As the figures represent the actual number 
of yards travelled within 10 seconds, the rate of speed 
per hour can be readily ascertained by dividing any of them 
by 5. If, for instance, the maximum speed permitted on 
a tramway be 10 miles an hour, the above record would 


show that it has been exceeded .. 13 miles. We 


have mentioned that this machine has been made for use 
on tramways, but Messrs. Theiler also make a speed re- 
corder for railways, which will in a like manner register 
any speed up to 85 miles an hour. 

We will now describe the nature and construction of 
the apparatus. A is a wheel which has the figures 0, 5, 











15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 
90, 95, engraved upon its periphery, the wheel being 
divided into 20 equidistant spaces for that purpose. 
This “ type wheel” is mounted on a pivotted axis, and 
is caused to revolve with a step-by-step motion (as will 
be presently described), so that one of the twenty 
engraved characters will always face the hammer C and 
the intervening paper ribbon P. 

The hammer C is screwed to the lever f, the latter 
turning on the pivot c, and having an iron plate or arma- 
ture N fixed to the other extremity. This armature is 
attracted by the electro-magnet M, and the hammer 
consequently strikes against the type wheel whenever an 
electric current passes through the magnet M. The 
paper ribbon P is slowly uncoiled from the reel G, and 
paid out with each upward motion of the hammer. Wis 
a pulley geared to the wheels of the vehicle by an elastic 
band or cord, and therefore revolving at a proportionate 
speed with those wheels. The continuous motion of W is 
converted into a step-by-step one and imparted to the 
type wheel by acrank and pawl dm. In this manner 
every five yards travelled by the car will turn the type 
wheel for one space, and cause that figure to be presented 
to the hammer and paper which corresponds to the dis- 
tance travelled. The clock is arranged to establish an 
electric circuit through the électro-magnet M and 
battery every ten seconds, thereby causing a powerful 
attraction of the armature N and pressing the paper 
ribbon P against the type wheel. As soon as electric 
contact is broken again the hammer falls back, and in 
doing so is caused to put the type wheel back to zero or 
starting point 0. By an ingenious mechanism the de- 
tention of the type wheel while printing does not affect 
the accuracy of the record, thus if all the quotations on 
the paper were summed up, the total would always be 
found to be equal to the actual length of the journey. 
As the car may travel 95 yards in ten seconds before the 
type wheel can accomplish an entire revolution, the 
highest speed recorded by this machine will be 
95 x 6 x 60 

1760 
sufficient for tramways. Where it is desirable to do so 
a hand is attached to the type wheel A, indicating the 
highest speed attained in given time on the dial K. 

The clock, being separated from the recorder, may 
serve as a public timepiece in the passenger car, while 
the recorder and the battery may be placed where most 
convenient or secure. 

We believe that this apparatus might be applied to a 
variety of purposes, and recommend those of our readers 


=19.4 miles an hour, which is more than 








who feel an interest in the subject to inspect the recorder 
at the works of the inventors, M. Theiler and Sons, 86, 
Canonbury-road, N. It should above all be very useful 
on railways, both by supplying the companies with a 
reliable record of their engine drivers’ doings, and in cases 
of accidents, where the question of speed is very often 
all important, furnishing that evidence which it is so 
difficult to extract from some of the witnesses, 








THE LONDON WATER SUPPLY.* 
By Mr. F. J. BramweE tt, F.R.S., and Mr. EpwarD 
Easton 


PRoBABLY some of the members present may know that 
we have (in conjunction with Sir Joseph 
the request of the Metropolitan Board of Works, recently 
—— upon the water supply to London, i i 
relation to the quality of the potable water 
visions of water at an adequate —— for the e 
of fires. We make no apol or bringing the subject of 
the London water supply before this section, because that 
subject isan extremely large one, and the questions involved 
in its economic considerations are, therefore, of very con- 
siderable importance. In 1874, the population supplied 
was 3,655,000, dwelling in 511,000 houses. The daily 
average quantity throughout the year was 116,250,000 
gallons. The quantity per head, therefore, for all purposes 
was a little under 32 ons. As is well known, this water 
supply is in the hands of eight companies. The te 
capital — ed in 1874, including share and loan capital, 
was 11,1 “0001. The gross income from water was 
1,137,0001. ; in addition to this there was 16,0001. from 
land rents—making a total of 1,153,0001. The expenses 
were 447,500. The net income was 705,7001., giving a 
rate of interest upon all the capital employed, share and 
loan together, of approximately 6.3 per cent. In Colonel 
Bolton’s last report, June, 1877, it is stated that the popu- 
lation supplied was 3,796,000, dwelling in {533,000 houses, 
and that the average daily quantity was 132,500,000 
; a ay ual to a little less t 35 gallons per head 

uring this summer month, and representing a probable 
average daily delivery throughout the year of from 
120,000,000 to 125,000,000 gallons. London, in common 
with other towns, requires water for the under-mentioned 
pnrposes : (a) drinking and culinary ; (6) cleanliness—per- 
sonal, domestic, and civil; ‘(c) extinction of fires; (d) 
manmetnne) (e) road wate: and miscellaneous. With 
respect to the heads (b) (d) and (e) we believe that the pre- 
sent water supply is generally satisfactory ; but ex on 
rare cases this cannot be said with respect of h a), 
nor in any case can it be said in res of head (c). The 
importance of these two heads it is difficult to exaggerate, 
as on the quality of the potable water depends to a 
extent the health of a vast population, and on an adequa 
provision for the extinction of fire de the preservation 
of the largest tion of wealth in the world. With 
respect to head (a), we have already shown that there are 
in London close upon 4,000,000 of human bei who 
should be supplied with wholesome potable water ; let us 
now see, as head (c), what is the mere money value 
of the property requiring protection from fire. This sub- 
ject of fire extinction has frequently been the subjeci of 

‘arliamentary consideration—in 1862, in 1867, and again 
in 1876 and 1877. In these later years a committee, pre- 
sided over by Sir H. Selwin-Ibbetson, has made the fullest 
investigation into the question of the Fire Brigade and into 
the means of extinguishing fire in the metropolis. From 
the evidence given before that committee it appears that 
as much as ,000,0001. of London property is ins 
in the fire offices. With respect to the uninsured pro- 
perty there is a great diversity of opinion. No witness 
puts it lower equal in amount to the pro in- 
sured; so that no one a the total value as being much 
less than 1,100,000,000/. But other estimates made 
the proportion as much as one insured to four uninsured ; 
the total value of the property, therefore, according to those 
estimates, amounts to 2,700,000,0001. Captain Shaw’s 
opinion, however, is, there is one-third insured and two- 
thirds uninsured. If he is right, then the total value of 
the property of London is a little over 1,600,000,0001. 
To revert to (a) potable water. One of the writers of this 
per is old enough to remember the wheels at London 
Bu pumping up the water of the Thames as it flowed 
+ them, and delivering it di into the houses of the 
inhabitants ; and even within thirt; ae some of the com- 
panies took their supply from the mes opposite—what 
was then Hungerfo: ket, from the Dolphin at Chelsea, 
from Hammersmith, and from Kew ; but year by year the 
river got more foul and the population became more 
criti : Complaint was made as to the quality, and as the 
companies from time to time came to Parliament for 
further capital to meet the increasing wants, conditions 
were put upon them which have resulted in all the com- 
panies who derived their sources of pa from the 
Thames taking that ‘supply from above T: mn weir, 
so as to be out of the tidal influence, and in the employ- 
ment of depositing reservoirs and filter beds so as to 
rid, as far as possible, of all foreign matter. But, in spite 
of all this, the yy is not satisfied. Occasionally the 
water is declared on ay by Colonel Bolton, in his 
monthly reports, to be turbid, and in his last report (for 
June m fae wm quoted) Dr. Frankland says that the sus- 
pended matter in the water supplied by one of the com- 
panies was full of moving o isms. Naturally, the 
public, even after all that has done, are not satis- 
fied as regards the supply of potable water. Nor do we 
believe that they ever be satisfied, or can be satisfied 
so long as that water is derived from rivers into which 
is poured the sewage of a great part of the large popu- 


* Paper read by Mr. Bramwell before the British 
Association at Plymouth. 
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and at particular spots, and, there- 
fore, this comparatively small annual percentage has to be 
delivered, notas a percen: of the usual delivery, 
but in quantities vastly in excess, for the moment, if any- 


thing, required for the locality in which the fire may be 
raging. Two thousand gallons per minute is at the a a of 
about 3,000,000 gallons in the 24 hours—that is to say, 


when a large fire occurs there should be concentrated at. 
the particular spot a rate of delivery equal to Ath of 
the whole power of the London water supply, or enough 
to meet the ordi ily wants of a town of 100,000 inha- 
bitants. these facts in mind, it is not surprisi 
that the pipes of the companies, which have been laid wi! 
a due to economy of capital, large enough merely 
to supply the needs of the houses—these needs being at the 
average rate of a pint and a quarter per minute per house, 
or 227 gallons per house per day—should be inadequate, in 
many instances, to bring to the scene of a fire 2000 
- minute, even when delivered at the level of the street 
or the services of a fire engine. But there can be no ques- 
tion .that to insure the prompt extinction of fire it would 
be in the highest degree desirable to be able to apply an 
effective jet from the water main, without the intervention 
of a fire-engine. This has been amply proved by the expe- 
rience of Manchester, Liverpool, and other towns, where 
there is, by gravitation in the mains, a constant high 
pressure, competent to deliver large quantities of water 
the form of jets. This section is not one which deals with 
engi ee matters, but we think we may pepenteees for 
making a few remarks u the subject of j The Me- 
tropolitan Board of Works, in its desire to do that which is 
best for the safety of the inhabitants of London and to do 
nothing rashly, more than twelve months ago i us, 
in conjunction with Sir Joseph tte, to carry outa 
series of practical experiments upon t uestion of fire 
jets, which should put beyond all doubt the engineering 
points involved. We may state briefly the result of these: 
experiments. With a very low jet, say of some 30 ft., about 
seven-eighths of the head or pressure effective at the orifice 
of the jet will be obtained, as the heightof the column of 
water—that is to say, 40 ft. of head at the orifice would give 
a jet of about 35 ft. in perfectly still air ; but as the heights 
of the jets are increased, and increased they must be, if 
they are to be of any service in extinguishing fires in the 
most valuable buildings of London, the modern buildings, 
which are so lofty, the percen of which the column of 
water produced bears to the effective pressure gg | 
ight 
of 80 ft. there must be, roundly, a pressure ber 
128 ft. To rise to a height of 100 ft. there must be an 
effective ure of about 180 ft. Moreover, the higher 
the jet the greater must be the diameter of the column 
Sarsentage of the bead yooteeiag fly Xf tend bealinn ton, 
percen of the producing it, low 
will be unable to cope with the resistance of the air, if 
the pressure be high. We do not suppose that the section 
will care to go into details on this matter ; but we will 
ive them as an instance a fair average jet required for 
mdon purposes. A jet that would rise 80 ft. in still air, 
if of one inch in diameter, would deliver the 150 gallons 
minute, and would demand an effective pressure, as 
already been said, of 128 ft. at the very orifice of the jet ; 
and it might be thought, therefore, that if a pressure could 
be maintained in the pipes equal to 128 ft. of head, when 
the water was flowing, that all that was desired would 
be — But a is not so. There is rr very — 
and to many people very unexpected consideration of the 
friction of the water through the hose to be taken into 
account ; and the section may, perhaps, little expect to be 
told that every foot of the usual size of hose employed by 
the London Fire Brigade, when conveying 150 ions of 
water per minute, requires a pressure of a little over three 
inches to drive that water t h. Asa matter of fact, 
the 200 ft. of hose demands 53 ft. ‘ get 150 
gallons per minute through them. erefore, to obtain 


a jet of 80 ft. high, ex 150 gallons minute 
get at the end of 300 te of reg Be is neoded a pressure 


at the main of 18) ft., and this pressure must be main- 
tained while the water is flowing. We believe the sec- 
tion will now well appreciate why it is that if it be diffi- 
cult for the water companies in many instances to deliver 
2000 gallons per minute at the street level, it would 
become absolutely impossible for them to deliver it 
were its exit op by this 181 ft. of pressure. More 
especially will the section understand the difficulty when 
they are told that there is not one of the 
companies which is bound to give throughout its district 
this ure of 181 ft. above the pavement, or anythi 
ing upon it; indeed the obligations of the 
fulfilled by giving a- pressure of only 





com but one are 
40 chess the pavement—a pressure which, so far from 
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being able to produce a jet delivering 150 gallons at the 
end of 20° ft. of hose, can only succeed in driving 122 
gallons per minute through a hose of that length at the 
ground level without any jetat all. These things being so, 
we think that u this point of the extinguishing of fires 
London will no longer be content with the provisions, as 
regards quantity and pressure, which now prevail. The 
question now arises, how are the legitimate complaints as 
regards potable water and water for fires to be met and to 
be satistied? There are many who suppose that the de- 
fects arise solely from the fact of the supply being in the 
hands of private trading companies, and who urge that if 
the undertakings of those companies were acquired by the 
governing body of the metropolis, so as to put the whole 
water supply under one ment, every complaint 
would disappear But this could not be the case if, after 
the acquisition of the property by the governing autho- 
rity, the present system were continued. That system, 
as is well known, is the obtaining of water for all purposes, 
either from the Thames, the Lea, orfrom wells. With the 
exception of the well supply, the water so obtained is, as 
we have said, put into = reservoirs and is filtered, 
and is thus treated whether it be used to flush « sewer, or 
whether it be drunk, and is delivered at one and the same 
ure, whether it be required at the basement of a 

use or for the extinction of a fire. Supposa the govern- 
ing authority to pursue the same system and to obtain 
water from the same sources, obviously, though there 
might be some economy in management, there would be 
no radical: change either in quality for drinking or in 
the quantity and pressure for fire purposes. The mere 
fact of corporation ownership does not change either 
quality and pressure, although this simple truism 
is very commonly overlooked. What, therefore, would 
be tie position of the governing authority? They 
would specdily find they had bought a ‘white ele- 
phant,’’ the possession of which would, under any ordi- 
system, compel them to set about finding some unob- 
jectionable source of supply, so that all the water might be 
fit for potable pe arn and would compel them to alter 
the pipvage an to increase the height to which the 
water is raised that it might be available for fire purposes. 
It is commonly a sufficiently difficult thing to find an un- 
po a ne ible source of supply for a town of even 100,000 


bitants ; but in the case of London the difficulty of 
procuring 125,'00,000 gallons a day is one of the greatest 
magnitude. ‘There have been, as the section well knows, 


various propositions for bringing the water from the lake 
districts of Wales and Cumberland by means of gigantic 
aquedncts to London ; but, after full examination by Royal 
Commissions, these no have been rej ; and, 
moreover, an opinion has been expressed by those vom- 
missions that it is not expedient the water supply of any 
district in England should be taken from the towns in its 
immediate neighbourhood to supply the wants of a town 
afar off. But assuming that such works could be carried 
out, the very projectors of them admit that their cost would 
be enormous. Moreover, they could not deliver the water 
at a height which would give sufficient pressure without the 
aid of pumping. The whole of the pumping expenditure, 
therefore, must be maintained, or if an adequate pressure is 
to be kept in the mains for fires, must be extended. Would 
it be wise for the metropolitan authority to acquire at a 
cost which from numerous instances we could readily show 
to the section would not be less than 25,000,0001. sterling the 
andertakings of the present companies when that acquisition 
was burdened with the ere forthwith discarding the 
sources of supply and of forthwith entirely re-arranging 
and modifying all the distributing apparatus and all the 
pumping power at an expense of at least as many millions 
more? We need scarcely say that, rich as London is, such 
outlays would never be sanctioned. But it is evident that 
something must be done. London must be supplied with 
wholesome, potable water, andit must have a greatersecurity 
from fire. We have reported to the Metropolitan Board of 
Works, and our report is before the public, that the only 


practical mode would be to separate the water for drinking | bo 


purposes and for the extinguishment of fire from the water 
which is used for all other purposes. Although, as we have 
said, it is next to impossible to find 125,000,000 gallons 
per diem of unobjectionable water, it is perfectly possible 
to find 30,000,000 gallons per diem, or even more than 
that quantity of water, which is pronounced by all 
authorities to be of the best possible quality for dietetic 
es—viz., the spring ‘water from the chalk. This 
recognised by the Duke of Richmond’s Commis- 

sion in their report. Now it will be found that the most 
liberal allowance of water for drinking and cooking is 


covered by two gallons head per diem. And by cook- 
ing we mean, not only water used in the sau , bat 
the water used in the washing of vegetables and fish, and in 
otherwise preparing food for cooking. Two _— r 
head per diem is only 7,000,000 or 8,000,000 gallons for the 


whole metropolis. in our report we have doubled this, 
and beve allowed 16,000,000. Our — is that there 
should be made on the high ground the north and to 
the south of London reservoirs at a height of 400 ft. above 
= datam; that +~ —— — be sup- 
i y pumping engines, drawing their supply of spri 
water at Sistaness of from 8 to 15 miles bayead the tesen 
voirs—-that is to say, in the open country; that the re- 
aervoirs should all be united by large arterial mains tra- 
versing London from north to south, and that these mains 
should be united by subsidiary mains. From these latter 
mains a service pipe would proceed to each house, deliver- 
ing the water into a close vessel having a draw-off tap, and 
containing, according to the size of the house, from 3 to 10 
ms, and tilling up gradually, after having been emptied. 
a thes2 mains also would be placed, at the time they 
were laid down, the hydrants for fire extinction. The plan 
we hare pro would, we believe, overcome every diffi- 
eulty in providing for the important requirements of (a) the 


and (c) the fire extinction water; and even if 








the property of the water companies were acquired by 
the governing body, this plan, as it seems to us, is the 
feasible one by which the present complaints could be 
satisfied. If this be so, why should not the plan be 
at once carried out, leaving the question whether 
the companies should or should not be acquired by 
the verning body for after consideration? The 
two things are distinct. The acquisition of the water 
companies would be strenuously resisted. It would pro- 
bably involve years of Parliamen warfare, and during 
the whole of this time London would be left where it is as re- 
gards its water supply. After very careful calculation 
we have estimated that the total cost of the whole of 
the works necessary for carrying out this separate 
supply of potable water, under sufficient pressure for 
extinguishing fires, will not exceed 5,500,0001., and this 
includes the house fittings and also the hydrants. The 
annual cost attendant u such a capital expenditure and 
upon the working of the undertaking will at first sight 
appear to be large, but, when contrasted with the ex- 
mse which would be involved in meeting the improved 
requirements alone under any ordinary system, that 
cost will be found to be considerably less. The evidence 
adduced before Sir H. Selwin - Ibbetson’s committee 
showed a very curious state of facts as re the small 
annual money expenditure for the preservation of London 
from fire as compared with other places. For the 


aa of the 16 hundred millions of property in| cau 


ondon there is accorded an annual sum of a little under 
80,0001. Of this 80,0001., 48,0001. arise from a half- 
penny rate, 19,0001. from a contribution by the fire 
offices, at the rate of 357. for each million insured, 10,0001. 
from the Government, and 27501. from miscellaneous 
sources. Let us see now what proportion this sum of 
80,0001. per annum for the —— of London from 
fire bears to the sums expended in other large towns, and 
the best way of comparing wil! be by taking the expen- 
diture at per thousand of the population. London, with a 
— of, say, 3,500,000 and an annual charge of 

,000/., spends 221. 17s. per1000. Paris, with 1,986,000 
of population, spends 100,000/., or 501. 6d. per 1000. New 
York, with 1,098,000, spends 249,6001., or at. the rate of 
2331. 14s. per 1000—more than ten times the sum spent in 
London. Chicago, with 550,000 of population, spends 
111,0931., or exactly 2021. per 1000. Numerous further in- 
stances might be quoted, all of which would tend to show 
that London, although undoubtedly the most important 
city in the whole world as regards a i a oem wealth, and 
magnitude of the interests involved, is the one that spends 
relatively the least for the extinction of fire. That 
London, in such circumstances as these, should suffer 
so little as it does from disastrous fires, we think 
must be admitted to be due to the excellent organisa- 
tion of the Fire Brigade and to the unwearying dili- 
Sac and assiduity of Captain Shaw. The London Fire 

rigado under his management has gone on from year to 
ear coping with and even mastering the increase in their 
Caeuns arising from the increase of London. But it is 
clear that there is a point beyond which it is impos- 
sible for them to protect the metropolis unless in some way 


their wers are inc . This point is certainly 
reached now, and in fact has been ed for some time 
past. The report of Sir H. Selwin-Ibbetson’s committee 
clearly ises this, for they have recommended in 


recogn: 

their report that the limit of the rating power for fire 
purposes should be doubled, thus adding nearly 50,0001. 

r annum to the present income. That committee 
uarther recommends that hydrants should be fitted to 
mains and services wherever there is a constant supply, 
and should follow the extension of that supply; this, 
as appears from the evidence, would involve an expen- 
diture of 750,0001. at least, which, at 3} per cent., 
would cost 26,2501. per annum. They also recommend 
that the water system should be consolidated in the hands 
of a public authority, which, in anicanie the ques- 
tions of constant supply, pressure, and , should be 

und to have coneek not only to the convenience of 
consumers, but also to the requirements for the ex- 
tinction of fire. This alteration of pi means the 
outlay of an unknown sum, certainly not less than one 
million, or an annual charge of 35, It further means 
the increase of pumping power at an increased cost, sta 
in evidence before this committee, of 150,000. per annum ; 
bat it has also been shown by the engineers of the water 
companies, and we entirely agree with them, that it would 
be idle to pretend to maintain such a pressure until the 
house fit were all altered to suit it, and this could not 
be effected for less than 3,600,0001., which, at 3} per cent., 
amounts to 126,0001. per annum. ‘These are the sums in- 
volved in,the recommendations of Sir H. Selwin-Ibbet- 
son’s committee, who conclude their report by saying that 
“‘ effect should be given by the Legislature to these recom- 
mendations.’’ Let us now contrast the financial results of 
the two plans: Purchase of the undertakings of the water 


companies, 25,000,0007., at 3} per cent., 875,000I. ; 
alteration of A pen 1,000, -» at 3) per cent., 
35,0001. ; ann expenditure of the companies in 1874 


was 447,5291.; say diminished, owing to the concentration 
of management, 47,5291.; leaving 400,0001.; increased 
cost of pumping for higher pressures required for jets, 
150,001. ; interest at 3} per cent. on cost of — 
26,2502. ; interest on cost of altered house oe 26,0001 
—total, 1,612,250/. ; equal to about 16}d. in the pound on 
the present rateable value of the metropolis. e should 
mention that we have not included among these items 
the extra 50,0001. a‘year expenditure on the Fire Brigade 
contemplated in the report of the committee, because we 
are convinced that if a hydrant service with proper pres- 
sare be given, not only need there be no increase in the 
annual c for the Fire Brigade, but the existing ex- 
penditure will be very considerably lessened. The annual 
cost of the plan we propose is—interest at 3} per cent. 
on 5,500,0001., 192,5001.; working expenses for pump- 
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ing and management, 32,5001.—total, 225,0002. Equal 
to about 2}d. in the pound on the rateable vale of the 
metropolis. The gross income of the water companies in 
1874 was, as we have stated, 1,137,0001., or about 11}d. in 
the pound, making, with the 2}d.,a total of 14d. in the 
pound, as Rey 16}d., or a saving in mere money of 2}d. 
in the pound, or close upon 25,0001. a year. But it will be 
seen that by the dearer process, no improvement whatever 
has been made in the quality of the dri g water, and 
that nothing has been attained except a better provision 
for the extinction of tire, whereas by the cheaper plan not 
only has this latter object been attained, but the difficulty 
with regard to the most important question of all, that of 
potable water, has been entirely overcome. 


THE BRITISH ASSOCIATION. 
SzcTion G.—MEcHANICAL ScrENcE. 
Address 6f the President, Mz. Epwarp Woops. 

Tue President delivered his inaugural address, selecting 
the question of railway brakes as his topic. He said that the 
provision of adequate brake power to control trains was a 
subject which had latterly much engaged the attention of 
railway companies and of the Government. Inthe summer 
of 1874 a Royal Commission was appointed to inquire into 
the causes of accidents on railways, and the possibility of 
removing them by further legislation. One branch of the 
inquiry naturally led to the consideration of accidents 
by collision; and it appeared from the evidence 
taken before the Commissioners that trains were generally 
— with insufficient controlling power, and that the 

istance within which, when running at high speed, 
they could be stopped by the brake ordinarily in use had 
not been ascertained with any approach to accuracy. It 
was under these circumstances that the Commissioners 
applied to the railway companies to institute a definite 
series of experiments to test the value of hand brakes, and 
the effect of various systems of continuous brakes. 
In conjunction with Colonel Inglis, R.E., he was 
intrusted by the Commissioners with the supervision 
of the experiments, to the satisfactory conduct of which 
the railway companies contributed in the most liberal 
manner. ith few exceptions, and up to a comparativel 
recent period, the companies had remained content wit 
the brake appliances which were common 40 years ago. 
These, no doubt, were sufficient to control the trains in 
those early days, few as they were in number, and limited 
in weight and speed. The brakes were applied separately, 
and by hand power, always to the tender, and usually to 
some few of the carriages and to the guard’s van or vans, 
if such accompanied the train. As long ago as 1858 the 
Board of Trade called the special attention of the railway 
companies to the fact that the amount of brake power then 
habitually applied was insufficient to prevent frequent 
accidents paar S collisions, many of which they 
considered migh averted. Particular reference was 
made to two systems which had come into daily use on the 
East Lancashire and the Lancashire and Yorkshire Rail- 
ways, namely, the brakes of Newall and of Fay, by means 
of which trains of 90 to 100 tons weight, running 
50 miles an hour; could be effectually controlled by 
driver or guard, even when proceeding down steep in- 
clines, and brought up within a moderate distance. It 
was certainly matter for surprise, seeing the advantage of 
continuous brakes, that the railway companies should 
have so long tolerated the old system, and been so slow to 
adopt a method which, instead of being dependent’ for its 
due action on the attention of several persons, was effec- 
tually placed under the control of one. This lethargy re 
vailed, too, throughout a period when increased speed 
come to be demanded, when augmenting traffic reauired 
heavier trains, and when, consequently, more ponderous 
and powerful engines had to be used—cireumstances which 
ought to have induced the companies to effect simulta- 
neously a readjustment of their brake appliances. After 
the year 1830 many attempts were made to supersede the 
ordinary type of brake, some of the brakes introduced 
being self-acting and put into operation by the momentum 
of the train, while others acted as sledges or shoes. None, 
however, pro successful. The continuous brakes of 
Newall and Fay simply involved a wider distribution of 
power over the different vehicles of the train, and gave the 








ted | means of applying that power by one, or, at most, two 


attendants. It was in that direction that the ingenuity 
of inventors had recently been turned, and there were 
now several systems of continuous brakes in successful 
working on the leading railways, each claiming some 
special advantages over its rivals, whether as more 
simple in construction, less expensive in application, 
or effecting more complete control of the train. The 
Se as } +e? that attention Rg in 
primarily di to the following points:—1. The dis- 
tances within which trains running at various speeds 
could be stopped by the system of brakes in ordinary 
use on the different lines of the United Kingdom ; (2) what 
results could be obtained by the additional application of 
brake power; and (3) how far a very large amount of 
brake power could be rye resorted - _ safety 
in heavy trains running at hi sound. or the purpose 
of the cxparimenis a portion of the Nottingham wed Lin- 
coln branch of the Midland way was selected as offer- 
ing a piece of line comparatively level and free from any 
furnished eight complete trains, 
which represented as many systems of continuous b 
comprehended in four classes, namely, (1) Clarke and 
Webb’s and Fay’s brakes, applied by ordinary mechanical 
gear ; (2) Smith's and Westinghouse’s vacuum brakes, ac- 
tuated by atmospheric pressure produced by exhaustion of 
air; (3) Westinghouse’s and Steel McInnes’s air brakes ; 
and (4) Clarke’s and Barker’s hydraulic brakes. The experi- 
ments extended over a week, and comprised several series. 
It was demonstrated that the friction of a complete train, 
in which the weight of the engine and tender constituted, 
say, one-fourth of the gross weight, inclusive of the atmo- 
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spheric resistance it encountered in its course, was ;j5ths 
r cent-, or about 9} Ib. per ton. This result confirmed what 
long experience had led them to anticipate. It was discovered 
further that, on a level line, a train running at the rate of 
45 miles an hour could be stopped by hand brakes within 
1000 yards, or, if at the rate of 60 miles, within 1700 
. The necessity for some greater control over fast 
passenger trains was thus rendered obvious. Through 
the want of a larger amount of brake power much time 
was lost on a journey when the stoppages were frequent, 
the drivers being compelled to slacken speed at long dis- 
tances from the stopping places. It seemed, indeed, 
scarcely to admit of the question that a system which was 
deemed necessary in special cases weet be advantageously 
applicable in all cases; that to render the control of a 
train complete brakes should be applied to all, or nearly 
all, the weeels; and that, at least the driver, if not the 
guards, should possess the power of promptly bringing the 
whole into action. The truth of the principle was now 
very generally admitted by the leading companies, some 
of whom had already adopted continuous brakes, while 
others were preparing to do so. Rather startling dis- 
parities were disclosed during the experiments. Some 
of the disparities were attributable to the contrivances 
being of comparatively recent origin, but others were 
clearly owing to the os ia upon which the action 
of the brake was founded. As between the air pressure 
and the vacuum brakes there was a loss of 6} seconds, 
which in a train running 60 miles an hour was equivalent 
to 180 yards additional space traversed in the stop. Three 
of the experiments involved the application of all avail- 
able power for stopping. Sand was used, and was found 
to add sensibly to the stopping’ power. On an average it 
made an addition of 1.30 per cent. to the retarding force 
otherwise brought into play. The trials proved in a very 
striking manner the great advantage of continuous brakes, 
for even in their least effective form they afforded more 
than double the stopping power of the usual hand brakes, 
whilst in their most effective form the power was qua- 
drupled. He was of opinion that no system could be con- 
sidered satisfactory which did not produce a retardin; 
power of at least 8 to 10 per cent. of the entire weight o 
the train ; in other words, a power by which fast trains 
could be stopped in from one-third to one-fourth less time 
than at present. Obviously the stopping distance was pri- 
marily influenced by two considerations : (1) The length of 
the interval which elapsed between the brake being put into 
operation and its taking an effective grip on the wheels ; 
and (2) the amount of pressure brought to bear on 
each wheel, and the constancy or otherwise of the action 
after the blocks had gripped the wheels. The unplea- 
sant sensation often experienced during quick stoppages 
was produced by intermittent and fitful action. After 
the brakes had been made to bite the wheels their hold 
became relaxed, a slip took place, followed by successive 
bites and slips, the latter giving rise to sudden accelera- 
tions of speed. The action of a perfect brake should ex- 
actly resemble that which gravity would cause, if an 
ascending incline of uniform gradient could be suddenly 
laced in front of the train to prevent its motion. 
nder such conditions no inconvenience or danger need be 
apprehended from the stoppage being accomplished within 
even a shorter distance than any that was effected during 
the experiments. A valuable addition of power under the 
immediate control of the driver would be afforded by the 
fitting of brakes to the engine, and he was glad to find that 
the recommendation of the Royal Commissioners in this 
—— had met with ae attention at the hands of the 
ilway companies. The question of the best material for 
brake blocks had of late receiveda good deal of considera- 
tion, and it would seem that cast iron, and even steel, 
was fast superseding wood. It generally happened that 
wheels did not become skidded until the speed of the 
train had been materially reduced. It seemed de- 
sirable, therefore, that for ordinary stors the brake 
pressure should be applied so as to act just short of 
skidding the wheels, the full skidding power being only 
used in cases of imminent danger. The general adoption 
of an effective system of continuous brakes on carriages 
which had to run from one line to another would be pro- 
ductive of much advantage, for then, in breaking-up and 
re-making a train at any junction station, the carriages 
would be found ready fitted with the requisite appliances 
for working. If allied companies could only agree to adopt 
the same system, brake improvements would proceed with 
far ter rapidity than at present, and public convenience 
would thereby be promoted. The time had arrived not 
only when each system should be scrutinised and tested 
in the most complete manner, but when the companies 
should clearly set before themselves the conditions which 
a good continuous brake ought to supply: A study of the 
different methods which came under his (the lecturer’s) 
notice during the experiments pointed to the following con- 
siderations as necessary in view of the provision of perfect 
e power for heavy fast trains: (1) The brake power 
should be applied to all the wheels of all the vehicles 
Seoughont the train. (2) The reaver by which the blocks 
were forced upon the wheels should be adequate for skiddin 
the wheels on the speed becoming moderately reduced. 
(3) The driver should have the whole of the brake power 
completely under his command, and be able to apply it at 
& moment’s notice, as he was the first person likely to dis- 
cover any obstruction ahead, and was primarily responsible 
for the regard of the danger signals. He could thus stop 
the train at once, and no time would be lost by his having 
to rr a danger to the suet (4) The poole 8 should in- 
dividually possess the means of applying the con- 
tinuous brake, so that they might be able to stop the train 
without reference to the driver, on an emergency which 
might manifest itself to them but not to him, such, for 


moderate amount only for effecting ordinary stops, while 
he kept in reserve a proper excess to be used only on emer- 
gencies, or on slippery rails. (6) Full brake application 
should not —— more than a very moderate effort 
on the part of either driver or guard. (7) The pres- 
sure should be steady and distributed as equally as 
possible over all the wheels, and, with the intervention 
of some elastic medium, should act upon the wheels 
in such a way as to prevent too sudden stopping or the 
snapping of chains, which produced discomfort and in- 
convenience to the public. (8) The machinery should be 
of simple construction, not likely soon to get out of order, 
and admitting of being easily repairel. (9) Indication 
should be constantly afforded to driver and guards that the 
brakes were in proper condition to work or otherwise. 
(10) The power of working the tender brakes and the van 
brakes by hand might be advantageously retained. (11) 
The brakes should be self-acting in case of the severance of 
the train. (12) Automatic action being provided, means 
should be furnished the brake attendants for modifying 
that action instantaneously, according to the circum- 
stances in which the train might be placed after an acci- 
dent. (13) It would be dangerous, and therefore unad- 
visable, to give to passengers any power over the brakes. 
Such seemed to be the = condition necessary for 
realising the conception of a perfect brake—a brake which 
would constitute aninvaluable instrument in contingencies 
of almost daily occurrence at some place or another in the 
great railway network of the country. 


Dr. Merrifield proposed a vote of thanks to the President 
for his extremely lucid and valuable address. 
Mr. W. H. Barlow ded tion, which was 





carried by acclamation, and duly acknowledged. 








FOREIGN AND COLONIAL NOTES. 

New Zealand Railways.—There is a probability of the 
Rai Valley tramway being proceeded with. It is impossible 
to over-estimate the value of this work to the Havelock 
district, as it will » ¢ up one of the finest timber countries 
in New Zealand. railway has been opened to Lawrence 
in the province of Otago ; in spite of engineering difficulties, 
the line has been completed for 8000/. per mile. 

Australian Telegraphy.—There is every prospect of an 
early completion of the overland telegraph line which has 
been for some time in hand between South Australia and 
Western Australia, good progress having been made both 
with the South Australian and Western Australian sections. 
The last advices from Adelaide report that an additional 
50 miles of line had been completed, and that as soon as 
rain set in, it was expected that the work would proceed 
with renewed vigour. 


Rolling Stock for the Oincinnati Southern. — The 
Cincinnati Southern Railroad Company has just purchased 
five locomotives, four mger cars, five baggage and 
smoking cars, and 100 freight cars. The locomotives were 
ord from the Baldwin Works at Philadelphia, and the 
cars from the Barney and Smith Company of Dayton, Ohio. 
The executive committee of the company has been authorised 
to purchase more rolling stock if necessary. 


Tasmanian Railways.—Mr. Fincham has marked out 
a route for a branch from the Tasmanian Main Line Rail- 
way from the Tea Tree to Richmond. The route will be 
shorter by about seven miles for passenger and ne 
traffic from Richmond and the vicinity to Hobart Town 
than the roundabout way to Campania ; it is also practi- 
cable and easy. A practical railway contractor has offered 
to execute the line for 25001. per mile; and as there are 
only six miles to be constructed, the branch ought to soon 
become a fait accompli. 

The Turkish Navy.—After the disaster of Sinope. in 
1854, the Turkish fleet consisted of 7 line, 6 frigates, 10 
corvettes, 14 brigs, 6 steam frigates, and 28 smaller vessels 
carrying altogether 4000 s and 15,000 men. The care 
bestowed by the Sultan Abdul Aziz upon the Turkish navy 
is well known. In 1872, the Turkish fleet comprised 5 iron- 
clad frigates (there are now 7), 5 line of battle ships, 9 gun- 
boats, 5 screw frigates, 13 corvettes (5 of which are now 
armoured vessels), 10 vessels for coast defence, 2 imperial 
yachts, and 36 sailing transports. 

American Mechanical Industry. — Messrs. Hussey, 
Home, and Co., of Pittsburgh, haye made a —— of 
cast steel to Mexico. Messrs. W. C. Allison and Co., of 
Philadelphia, are building some narrow ears for 
South America. Messrs. Hussey, Binns, and Co. have 
been shipping shovels for Brazil. Messrs. T. Meikle and 
Co., of Louisville, Kentucky, have delivered some double 
shovel ploughs to Brantford, Ontario, Canada. Messrs. 
Miller, Metcalfe, and Parkin have been putting in two 
new steam hammers—one a 30-ton. 


Gauge y mpensene > oe Fnas ve Raw Posey 
—— the gauge of the i Railroad from 6ft. 
to 4 ft. 8 in. ori be shortly po ccetboen 4 About 1500 tons 
of steel rails have been purchased. e rails will be laid 
inside the present rails, and will lay about a miles. 
After these rails have been laid, the old rails will be taken 
up, and enough of them will be used to narrow gauge the 
balance of the road—26} miles. 

South Australian Telegraphy.—Telegraphic advices 
from Adelaide state that telegraph to Eucla has been 
completed with iron poles throughout the South Aus- 
tralian portion of it. This is a line which will establish 
direct hic communication between South Aus- 
tralia and Western Australia. 

Steam Cultivation in Australia.—Mr. W. J. Clarke has 
introduced a complete set of Fowler’s steam cultivating and 
draining machi , fitted with all the most recent im- 





instance, as a broken axle, or a carriage getting off the | provements is property at Donnybrook, Victoria 
line. (5) The power in hand should be so susceptible of | Australia. Mr. Clarke has also im ted two 16-horse 
modification the driver should be able to apply a| power traction engines for working the steam cultivating 








machinery. Mr. Clarke’s Donnybroo’ estate comprises 
between 3000 and 4000 acres of stony clay lanl; ani with 
the help of the machinery imported, 370 acros hive bean 
treated, every trace of the crab-holey nature of tie land 
has been worked out of it, and the sarfic? his boan 
lepaed and the ground pulverised and aécatod to a depth 
o in. 


Oil_Fuel.—Experiments are being made at Paterson, 
New Jersey, with oil as fuel for locomotives. It is con- 
tended that oil will answer the poner in question, and that 
locomotives can be run at one-fourth the usual expanse by 
the employment of oil fuel. American railroad m2n are 
just now so intent upon economy that tho idza will doubt- 
ess have a fair trial. 


The Rhine.—The Rhine Navigation Aszociation has 
addressed a petition to the Chancellor of the German 
empire. The petition asks that the system of signals on 
the Rhine, which is very moewel, and which ha; been 
the cause of several disasters, should be chang.d, and that 
the general German system of signals should be introducad 
along the whole course of the river; that the bed of the 
river between Mayence and Bingen, which hus often been 
complained of, should be immediately improved; and that 
the —s the Rhine should be improved and increased 
in number. 


Steel Rails in the United States.—The market for steel 
rails has been rather dull at Philadelphia, and no sales of 
importance have been effected. Some transactions repre- 
senting lots of from 200 to 300 tons each have, however, 
taken place. The current quotation for steal rails at 
Philadelphia is 45 dols. to 47 dols. per ton currency at the 
mills. One lot of 2000 tons delivered at Pittsburgh has 
also changed hands at 47} dols. per ton carrency. 


Iron Street Paving.—The authorities of Hamburg have 
been experimenting upon the efficiency of cast-iron blocks 
for street paving purposes. 

New Zealand Telegraphy.—In the first three months of 
this year 292,308 telegrams were transmitted in New 
Zealand, showing an increase of 21,996, as. compared with 
the number forwarded in the corresponling p:riod of 
1876. The cash revenue of the first quorter of this year 
was 16,3371., showing an increase of 83//., as coupared 
with the corresponding quarter of 1876. 


A Telescope for Portugal.—A telescope 15 ft. in length 
with an 11-in. object glass, has just been completed by a 
Boston firm, who manufactured it specially for the 
Portuguese Government. The cost of the instrument is 
about 12007. 


The St. Gothard Tunnel.—Rather more than four miles 
of this great tunnel have still to be excavated. . Working 
operations were commenced towards the close of 1872. 


Coal in New South Wales.—The total quantity of coal 
exported from New South Wales in 1876 was as follows: 
To intercolonial ports 542,952 tons; to foreign ports, 
325,865 tons ; making an aggregate. of 853,817 tons. As 
451,101 tons went into home consumption in New South 
Wales last year, it follows that the total output of coal in 
the colony in 1876 was 1,319,918 tons. The corresponding 
output in 1875 was 1,329,729 tons. 


Belgian Coal.—The exports of coal from Belgium in the 
first six months of this year amounted to 1,5vd,000 tons. 
The corresponding exports in the corresponding period of 
1876 were 1,802,000 tons, and in the corresponding period 
of 1875, 1,931,000 tons. 


Steel Locomotive Boilers.—The south-western division 
of the Chicago, Rock Island, and Pacific Railroad has 24 
locomotives which have all steel boilers, and which have 
been in heavy service for six These boilers are all 
good ; not one of them has a cracked sheet. 


The French Coal Trade.—This trade has been extremely 
quiet so far as the Nord and the Pas-de-Ca\ais are con- 
cerned. In the basin of the Loire the situation has been 
somewhat better. - 

Steel Rails for Spain.—The Terre-Noire Company has 

ived an order for 20,000 tons of Bessemer steel rails 
from the Madrid, Saragossa, and Alicante Railway Com- 
pany. The rails are to be supplied at 8/. 5s. per ton, with 
elivery at Alicante. 4 

Locomotives for Street Railroads.— Messrs. Porter, 
Bell, and Co., of Pittsburgh, Pennsylvania, have been 
building several sizes of locomotives for strevt railroads. 
These engines are said to be similar in appearance to horse 
cars, practically free from noise and smoxe, powerful and 
easily controlled. The engines haul eight louded cars at 
the rate of 20 miles per hour; they have also occasionally 
run three miles in eight minutes. 

Indiam Harbour Defence.—Sir Andrew Clarke, Minister 
for Public Works in India, has nominat:d a committee of 
officers of the Royal Artillery and Royal Engineers to con- 

i ject schemes for the defence of the ports and 
harbours of India. The committee, whose president is 
Major-General Sir A. Taylor, K.C.B., R.E., has com- 
menced its labours with works proposed for Aden and 
British Burmah. 

Colorado Coal.—The coal mines of Colorado yielved last 
year nearly 300,000 tons of coal. The value of this coal 
was about 750,000 dols. at the banks. 





Lrzenvur SzeweRracE System.—We are informed that 
the Commission of Advice to the Town Council of Amster- 
dam, having unanimously reco the extension of 
this over an area equal in extent to half the town, 
and chiefly consisting of the newest and most fashionable 

, the have, without a division, voted the 
Test instalment of the extension, a length of about two 





miles of mains, at an estimated cost of 90,000 florins. 
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METALS. 
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PRICH LIST OF MATERIALS. 


STEEL CASTINGS - Continued. 8. 
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nS ass" SP ooo, 
SOnFoe oo ™ oF gump 


oo 
Coun 


~ 
cou? 


So SP coeoPocoecece 


eacace ooo 


OILS, GREASE, SLUSHICATONS 


ean ecgoowwooocd 


+ oO 
2 ocos0o co 








TIMBER, DEALS, &e. 
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Tuurspay, Ava. 23, 1877. 
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AMERICAN IRON AND STEEL WORKS.* 
By A. L, Hoitey and Lenox Smita. 


No. VIIL.—Tae Works or THE BETHLEHEM [RON 
Company —(continued). 

IN the first article on this subject we described 
the location and the railway connexions of these 
celebrated works, the character of their iron ores, 
and of their anthracite coal, and the general 
arrangement of their departments. In the present 
article it is proposed to briefly describe the two new 
blast furnaces, Nos. 5 and 6, in some detail, ex- 
cepting their compound blowing engines, which 
must, on account of large engravings, be made the 
subject of still another article. 

These furnaces are shown with their accessories 
by our two-page engraving this week. They differ 


STOCK HOUSE 


| 

| 
in many details of construction from the usual type 
of furnaces of their class in the United States, and 
they combine many valuable results of experience. 
‘They were designed by and constructed under the 
superintendence of Mr. John Fritz, who is a famous 
authority abroad as wellas at home, in connexion 
with the iron manufacture. 

Fig. 4 is an elevation, partly in section, of the 
pair of stacks and of the stoves, boilers, &c. Their 
position, as well as that of the blowing engines 
a, ¢, d,e, f, g, h, and the pumping engines i, j, &, /, 
areshown by Fig. 5 on the present page. The com- 
pound engine a is ‘not yet completed. The two 
furnaces, and also No. 2, are run by the compound 
engme ¢ and the two engines d and ¢, all of which 


are of the same power. The air cylinders are 80 in. 
by 80 in., and the revolutions are 24 per minute. 





‘ * In the course of this series of articles, frequent re- 
rp will necessarily be made to the exhibits of various 
ra a in the United States, at the late 

itennial Exhibition, some of which exhibits were not 
noticed in the brief review of American Iron and Steel Ex- 
a Philadelphia which has already appeared in our 


The peculiarities of general arrangement, such as 
widely separating the stacks (225 ft.) and putting 
the engines on the other side of the stock-house, 
have been well studied. The stacks are separated 
in order to get the stoves m, p, Fig. 5, and the 
boilers r, ¢, close to them in a convenient manner, 
and also in order to have the supplementary stove x 
and the eee boilers s convenient to both 
furnaces. e intention was also to get the neces- 
sary stock floor around each furnace in a long house 
(451 ft. by 61 ft.) running, with its straight railways, 
parallel to the line of furnaces, rather than to get 
this room less centrally by a narrow house running, 
with its necessarily curved railways, in the other 
direction. The stock hoists at » and » command 
within a very short distance a large floor space, 





under two railways. The stacks are also separated 





which it possesses important advantages in other 
respects over a plate-iron shell, especially in 
respect of the facility with which repairs may be 

. The outer walls of the furnaces are ventilated 
by means of two holes situated in each of the 
between the bracing, and which extend through the 
masonry surrounding the loam lying next to the 
lining. The outer walls are similarly traversed by 
vertical holes. By this means ree Py ea the 
outer walls, and consequent straining of the bracing, 
is prevented, and the exact point where | may 
e lining 
of the furnaces becomes thin, the outer masonry 
may be cut into between the bracing, and the —— 
quickly and effectually repaired at the least possible 
cost, 


The arrangement of the tuyeres also combines 


be escaping is readily detected. In case 








in order to keep the casting-houses far apart for the 
sake of ventilation, and to make better space for the 
boilers, The heat of a double casting-house,. where 
stacks are close together, is a serious matter in a 
warm climate. The gas connexions from the stacks 
to the stoves and boilers are not longer than they 
would be under other usual arrangements. 

The furnace stacks are of the following dimen- 
sions: No. 5 is 70ft. high and 17 ft, 2in, in dia- 





meter at the bosh. No. 6 is 70 ft. high and 18 ft. 6 in. 
in diameter at the bosh. It will be observed (see 
| Fig. 4) that instead of being enveloped by an outer 
| shell of plate iron the stack is enclosed by a system 
| of rings and vertical bars of iron which have a uni- 
| form width of 9in. throughout; the lower courses 
| aré ] in. thick, and the courses decrease in thickness 
| toward the top to #in. The vertical bars are also 
| similarly reduced in thickness toward the top of 
the furnace, their thickness at the bottom being 
lin. The joints of the rings and bars are 2 ft. apart 
from centre to centre at the base of the furnaces. 
This forms a stronger system of bracing than an 
exterior shell of plate iron of equal weight, as it 
does not, like the latter, tear apart in detail ; besides 





—ZB a 





some novel and practical features, Besides the four 
or five working tuyeres, auxiliary or “ fighting” 
tuyeres are placed about 16in. or 18in. above the 
former, and fitted in embrasures specially intended 


for them, These tuyeres are 'y for immediate 
use in case of need, and derangements in the working 
of the furnaces are thus provided against, The 
furnaces also have spare cinder notches, which are 
fitted with Lurman’s closed front, and may be used 
at a moment’s notice in an emergency. 

The engines are placed far away from the dust 
of the furnaces, and are separated by a tight wall 
from that of the stock house, in order to save the 
excessive wear which always accompanies dirt. 
Carrying steam this long distance in |6-in. pipes 
haces lagged results in very slight condensa- 
tion and reduction of pressure. é air pipes from 
the engines to the stoves are made large enough to 
form the air reservoirs—a convenient and p 
arrangement in every respect, 

The boilers and boiler-house are shown in ey 
tudinal section by Fig. 6, and in cross section by 
Fig. 7, and the boiler-house in side elevation by Fig. 8 
on page 163. The boiler setting is peculiar, and 



















































































160 





ENGINEERING. 


[Auc, 33, 1877, 





it is perhaps the only one that completely provides 
for expansion in every direction without subjecting 
the boiler to injurious strains, Each boiler is sus- 
pended by sixteen brackets, and these are upheld, 
as shown in Figs. 6 and 7, by four equalising _ 
which rest on two heavy girders extending across 
the building. The two main batteries r and /, Fig. 5, 
contain seven boilers each. The upper jshells are 
70 ft. long by 40 in. in diameter. The lower shells 
are 30 in. in diameter. ‘The supplementary battery 
s consists of five boilers. 

Each main hot-blast stove has 80 pipes, the 
supplementary stove has 50. The pipes are 20 ft. 
high and Sin. inside diameter. They are made 
circular in cross-section instead of being flattened, 
since at a good heat and at the least pressure, often 
over 10lb. per inch, necessary for anthracite, they 
tend to become circular, and hence they last better 
if so made at first. ‘The general arrangement of 
the stove and its bracing is shown by our two-page 
engraving, also by Fig. 9, on page 163. 

e chimney shown in Fig. 4 is of unusual size, 
being 176 ft. high and 11 ft. in diameter, the 
bene belag 16 ft. in diameter. The stack is lined 
with inferior firebrick 9 in. thick, and is cased with 
a shell of plate iron }in. thick at the base of the 
stack, and ys in. thick in the upper portion. 

Those who are familiar with the difficulties of 
working anthracite furnaces on irregular ores will 
appreciate the manner in which the Bethlehem far- 
naces are run, when it is stated that the No. 1 fur- 
nace was run seven years without blowing out, and 
made 70,000 tons of pig on one lining. The charges 
and production of the Bethlehem furnaces were 
stated in the previous article. 
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A Practical Treatise on the Steam Engine. By AnTHUR 
Riea. London: E. and F. N. Spon. [In Twelve Parts, 
price 3s. each.) 





First Norice.] 

In this work, of which the first seven parts are now 
before us, Mr. Rigg has to a great extent occupied 
new ground, but it may we think fairly be urged 
that the scope of the book is not well defined by its 
title. That the treatise is eminently “practical” is 
true, but it is not a treatise on the steam engine 
generally, for it deals only with stationary engines, 
while the author has—very wisely we think— 
omitted all reference to the theory of the steam 
engine as a matter which is more or less fully dealt 
with in many existing works. We should ourselves 
be inclined to describe Mr. Rigg’s book as ‘‘ a treatise 
on the practical construction of stationary engines,” 
and there can be no doubt that a treatise of this 
kind is calculated to do good service, filling as it 
does a void in our technical literature. 

Our author commences his work with two brief 
chapters dealing respectively with ‘systems of 
measurement” and ‘matter, force, and motion,” 
and both very clearly written, a specially noticeable 
section in the second chapter being that relating to 
centrifugal force, in which Mr, Rigg gives a very 
neat—and to us novel—graphical representation of 
the action of that force. The third chapter is de- 
voted to the horizontal engine, a type which the 
author specially commends. Here we find Mr. 
Rigg first giving particulars of an engine with a 10 in. 
cylinder constructed by Messrs. Deakin, Parker, 
and Co., of Manchester, this being described as an 
example of an ordinary 10 horse power engine, and 
the details of its construction being illustrated by 
six lithographic plates, The description here given 
is a full one, but we think that the dimensions of 
the various wearing surfaces and the sizes of the 
principal parts might have been included with ad- 
vantage, notwithstanding that the author in a later 
= of his work deals with the proportions of 

etails. The next engine of which description is 

given is one with a 9 in. cylinder and 15 in. stroke, 
the details being illustrated by six lithographic 
plates. ‘This engine, like that first described, is of 
an ordinary commercial type with a single slide valve 
and the speed controlled by the governor acting on 
@ throttle valve. Both engines, too, are of the 
single crank type, one end of the flywheel shaft 
being carried by a wall bearing, and altogether we 
think that the description of this second engine 
might have been advantageously replaced by ex- 
amples of the double crank self-contained type of 
engines of which so many are made for small 
powers, 

Our author next deals with a superior type of 


horizontal engine fitted with variable expansion 
controlled by the governor, and as an example of 
this type he describes a very neat engine of his own 
design with 12in. cylinder and 18 in. stroke, this 
engine having large bearing surfaces and being in- 
tended for running at a speed of 200 revolutions per 
minute. The engine has a steam-jacketted cylinder 
and is fitted with Mr. Rigg’s governor acting on the 
expansion eccentric, while in the details generally 
there are many special features worthy of attention. 
The constructive details of this engine are explained 
by seven lithographic plates. The next and last type 
of horizontal engine described in the present chapter 
is a compound condensing engine constructed by 
Messrs. Simpson and Co., this engine being fitted 
with an evaporative surface condenser. We remark 
by the way that in concluding this chapter Mr. Rigg 
observes: ‘* Much of the economy with which Land 
‘* Engines now work, is due to their design being 
‘‘ based upon the practice of Marine Engineers who 
‘tare obliged to provide for the propulsion of ships, 
‘‘ far more power than suffices to drive the largest 
‘¢ factories, with a very restricted quantity of fuel.” 
With this observation we cannot agree, and, in 
fact, for the most part the improvements which have 
of late years been introduced in marine engine con- 
struction have, with the exception of surface con- 
densation, been derived from land practice. In the 
more general adoption of steam jacketting, in the 
use of higher pressures of steam, and in the employ- 
ment of efficient types of compound engine, marine 
engineers followed. and did not lead the makers of 
stationary engines, although the benefits derivable 
by the economical engines at sea far outweigh those 
attainable at our mills and factories. 

Chapter IV. introduces us to our author’s re- 
marks on engine details, the parts here dealt with 
being cylinders, pistons, and piston rods. Starting 
with some remarks on the kinds of metal suitable 
for cylinders Mr. Rigg treats successively of the 
general design of cylinders, the construction of 
cylinder patterns, and the processes of boring, &c. 
Mr. Rigg deals with his subject in much detail, but 
there are a few remarks to which we must take 
exception. For instance, in speaking of the finish- 
ing processes, our author we notice speaks of its 
being usual to plane the bottom flange on which a 
cylinder rests, and to use this as a datum surface for 
boring. It is quite true that this is often done, but 
a better plan, and one now generally adopted where 
large numbers of cylinders are made to one pattern, 
is to use the bore as the datum line, and to mount 
the cylinder between coned heads when being fixed 
on the planing machine for planing the valve faces, 
&e. e are also somewhat surprised to find Mr. 
Rigg advocating the use of india-rubber for 
making the joints of valve chest covers. For small 
engines of a cheap type such a mode of making the 
joints can no doubt be adopted witha certain ad- 
vantage in a pecuniary sense, but for anything like 
high-class work nothing but faced joints should be 
used. We also think our author has made a slip 
when he states : ‘* Of methods for disposal of water 
*‘ from the cylinders of horizontal engines, none is 
‘* simpler than a plan adopted by some Continental 
‘‘ engineers, namely, placing the regular exhaust 
‘* valves underneath, but this construction adds 
“ peculiar inconveniences of its own, and as there 
‘* are other methods of achieving a like result, it has 
‘* little to recommend itself, and has never been 
‘** brought into general use.” In speaking of this 
plan as being but little used, and in attributing it 
to ‘some Continental engineers,” Mr. Rigg hea 
evidently forgotten Mr. Corliss. In the Corliss en- 
gines the exhaust valves are always placed as here 
described, and hundreds of such engines are now at 
work on both sides of the Atlantic. 

Next Mr. Mig oc cea the fittings of cylinders, 
such as water-discharge cocks and lubricators, o 
each of which several examples are illustrated, and 
he then proceeds to treat of pistons and to describe 
in detail a large Nagy Sag types, of each of which 
engravings are given, his descriptions embodying a 
large amount of useful information. On the fric- 
tion of pistons our author makes some interesting 
remarks, but we fail to follow him when he says of 
a certain piston that ‘the pressure on its lower 
‘“* surface will be 6 Ib. per square inch when the 
‘* piston is at rest, and, of course, less when in mo- 
‘‘ tion.” How the fact of the piston being in motion 
is “ of course” to reduce the pressure on the lower 
surface is not clear. We know that a popular opinion 





exists in some quarters that a piston is partially sup- 
pores by the pressure pant oa the steam upon it ; 
ut this we need scarcely say is afallacy, We have 





also an objection to make to Mr. Rigg’s remarks on 
the strength of piston rods. Regarding this, after 
pointing out that piston rods have to act alternately 
as tension and compression, he says: ‘“* Hencea very 
“large margin of strength is required, and con- 
‘* siderable diversity of opinion exists, so that it is 
“‘ not easy to find any but an empirical rule, by 
‘‘ which piston rods are made, from one-sixth to 
‘“‘ one-tenth the diameter of the cylinder.” Our 
author here takes no note of the steam pressure, 
although this is as important a factor in determining 
the size of a piston rod as the diameter of the 
cylinder. It is quite true that there is a diversity 
of practice as to the amount of strain which it is 
desirable to place upon a piston rod, but we think 
that in a work like that under review, this diversity 
should be not merely stated, but some guide should be 
given to the designer as to the strain he may safely 
employ in different cases. We have in our last few 
paragraphs been compelled to do some fault-finding, 
but on the other hand it is only just that we should 
bear witness to the large amount of information 
which Mr. Rigg affords on the various subjects of 
which we have been speaking—information which 
far more than compensates for the doubtful points 
to which we have directed attention. 

Chapter V. treats of the slide valve, and is natu- 
rally aa important one. In it the author first treats 
of the simple slide valve, and describes the mode of 
analysing its action by means of Zeuner’s diagram, 
and then proceeds to treat of shifting eccentrics and 
of various types of link motion, engravings being 
given of the different arrangements referred to. 
Next Mr. Rigg deals with expansion valves, and 
explains how the action of such valves can also be 
investigated by the employment of Dr. Zeuner’s 
diagram. This section of the subject is treated 
very fully and clearly, a great variety of types of ex- 
pansion gear being dealt with. 

Leaving the theory, our author in his next chapter 
treats of the construction of slide valves, lithographic 
plates being given illustrating all the principal pat- 
terns of slide valves now in use, there being included 
amongst these several types of balanced valves, 
These illustrations are well drawn toa good scale, 
and the descriptions are clear and detailed. In the 
course of his remarks on balanced valves Mr. Rigg 
gives the results of some experiments made to de- 
termine the force required to move ordinary valves 
as fitted to a locomotive, and he points out that the 
high coefficient of friction indicated by the results 
of these experiments appears to be to a large extent 
due to the excessive load per square inch imposed 
on the valve surfaces. 

Chapter VII. treats of connecting rods, and here 
we find our author describing and illustrating a 
great variety of patterns, while in the next chapter 
he similarly deals with crossheads. In the course 
of his remarks on these latter Mr. Rigg gives some 
interesting tabulated data relative to the pressures 
on crosshead slides in general practice, the examples 
being derived from locomotives, marine and 
stationary engines. The value of these data would, 
however, have been enhanced had Mr. Rigg given 
in each case the materials of the crosshead blocks 
and guide bars, and stated the average piston speed 
at which the engines worked. Mr. Rigg’s Table 
shows pressures on crosshead slides varying from 
126 1b. to 22.2 lb. per square inch, but the pressures 
under 32 lb. per square inch we notice are all 
derived from engines having very small cylinders— 
9 in. and less in diameter—and in such engines the 
dimensions of parts are often fixed by other con- 
siderations than the working strain upon them. 
Mr. Rigg’s conclusion from the collected data is that 
the pressure on crosshead slides should not exceed 
40 lb. per square inch, and with this opinion we 
quite agree. The cost of giving crosshead blocks 


f | large wearing surfaces is very small, while the ad- 


vantages gained are important, 

Parallel motions form the subject of Chapter 1X., 
while Chapter X. treats of cranks and eccentrics, 
both these chapters dealing fully and clearly with 
the matters to which they refer. The next chapter 
treats of the influence of cranks and connecting 
rods, and in it Mr. Rigg explains the mode of trans- 
lating indicator diagrams, and showing graphically 
the tangential force available at different points in 
the revolution. This is a subject of much interest, 
and our author deals with it very ably. Chapter 
XIL refers to shafts, keys, and hammers. 

We have now completed our survey of that por- 
tion of Mr. Rigg’s work which has so far reached 
us, namely, Parts I. to VIL., and from what we have 





said it will be evident that the book is of a very 
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useful character and is calculated to fill a want in 
our literature on the steam engine. Mr. Rigg writes 
clearly and concisely, and he has evidently taken 
t trouble in the collection of examples of dif- 
| anew types of construction, while the lithographed 
lates which he gives of engine details are exceed- 
ingly well executed, particularly in the later parts. 
The remainder of the work we hope to review ina 
future notice, 
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NOTES ON TORPEDOES.—No. XX. 
ELectric BATTERIES. 

For some considerable time great difficulty was 
experienced in obtaiging a battery possessing the 
necessary requirements for submarine ignition, or 
rather the desired requirements, there being 
obviously many ways by means of which ignition 
could be effected. ‘These requirements or qualifica- 
tions were that they should be capable under all 
varieties of temperature of, exploding simultaneously 
in divided circuit twenty-five platinum wire fuzes— 
these fuzes owing to their simplicity having become 
at an early period the favourite mode of ignition 
—each offering an average resistance of half an 
ohm, and that, as in the case of war they may 
have to be trusted in the hands of men previously 
unacquainted with them, no. technical knowledge 
be required to keep them in order; also, that defec- 
tive parts should be easily discovered and repaired, 
and the highest degree of constancy guaranteed, as 
the torpedoes may be in position for months in 
constant expectation of an enemy. These require- 
ments appeared, in all truth, formidable enough, 
but when there was harnessed to them the restric- 
tion that no forms whatever of porous pots were 
to be employed on account of their liability to 
fracture during transport, or when in position, 
through crystallisation, many inventors turned their 
attention to tension fuzes as the only practical 
solution of the difficulty. This led to the introduc- 
tion of the tension fuzes of Mr. W. G. Beardslee, of 
New York, Baron von Ebnor, and Professor Abel, 
all neat, handy, and effective, the same in principle, 
it is true, but differing widely in detail ; here again, 
however, fresh, difficulties had to be encountered, 
owing to the necessity for employing cables with very 
perfect insulation ; and although for firing at will 
either dynamo-electrical machines or magnetic ex- 
ploders could be employed, the current induced was 
so small that the slightest leakage at any of the 

oints or anywhere along the line sufficed to nullify 
its action and so prevent ignition, Frictional 
electric machines, as is well known, supply charges 
of electricity that would leap any reasonable b 

in the continuity of the conductor, but besides 
lesser defects frictional electricity has an energetic 
inductive action on insulated cables lying in the 
Vicinity of its own, which makes it highly dangerous 
to neighbouring torpedoes, and of course entirely 
precludes the use of multiple core cables. 

Where, however, it is required to place a few 
solitary torpedoes at any considerable distance from 
a fort or firing station, or in other words, where no 
voltaic battery power is at hand, the magnetic ex- 
ploders or frictional electric machines certainly re- 
commend themselves for adoption as being capable 
of readier transport ; hence a few words on tension 
— may not be considered out of place in these 

icles. 


One of the simplest tension fuzes was the inven- 


tion of Mr. W. G. Beardslee, of New York. It gave 
rise to several varieties of so-called extemporised 
fuzes devised on the same principle. It consists of 
a cylindrical piece of soft wood about # in. in length 
and a little loos in diameter, through which two 
copper nails are driven in a slanting direction, so that 
while the heads are flush with the wood at one end 
and as close together as possible without touching, 
the points project from the opposite end at some 
distance apart. To these projecting points the bare 
extremities of two insulated copper wires are 
soldered, a piece of soft wax of the same diameter 
as the wooden cylinder being pressed round the 
points of junction. A slight groove is filed across 
the wooden cylinder between the heads of the 
copper nails so as to insure their separation, and a 
little black-lead from a pencil is rubbed into the 
groove. When a current of high tension is passed 
from nail to nail the electric sparks ignite the 
black-lead between, and explode a mixture of ve 
fine in and meal powder, which is contained, 
along with the wooden cylinder, in a paper covered 
cartridge. 

Professor Abel’s and Baron von Ebnor’s fuzes 
are both extremely neat, very much more so than 
Beardslee’s, from which they differ not only as re- 
gards their construction but in the substitution of 
certain chemical compounds for the black-lead. The 
fuze composition employed by Professor Abel con- 
sists of 10 parts of specially prepared sub-phosphide 
of copper, 45 parts of sub-sulphide of copper, and 
15 parts of chlorate of potash finely divided and 
thoroughly incorporated with the addition of a 
little alcohol, and then dried at a low temperature. 
That of Von Ebnor consists of equal of 
sulphuret of antimony and chlorate of potash with 
a small quantity of powdered plumbago to give 
conducting power for testing purposes. Great 
nicety is in all cases required in adjusting the dis- 
tance between the metallic points, and to insure 
that when firing several charges in divided circuit, 
no residue of composition is left between the poles 
of the fuze after explosion, which might serve to 
conduct the spark across the interval. 

Abel’s tension fuze is most generally adopted 


wherever electricity of high tension is Pe aa for 
the ignition of mines or torpedoes, and is by several 
years the first tension fuze invented. hen em- 


ployed for detonation, fulminate of mercury en- 
closed in a cylinder of sheet tin tightly fitting on 
the fuze head is substituted for gunpowder, in con- 
tact with the priming composition. 

To fire tension fuzes preference is given to 
Wallaston’s sand battery and to the Marié-Davy 
and Daniell’s cinetent battenion; but any ordinary 
form of battery used for working a telegraph line 
would supply the necessary electro-motive force from 
a sufficient number of cells, whilst generating a suffi- 
cient quantity of electricity to overcome a fault or 
leak in the conducting cable. About sixty cells of 
Daniell’s battery are necessary to overcome the 
resistance of Abel’s tension fuzes, providing, as 
already observed, that the insulation of the sub- 
merged conducting wire is perfect, a defect of 7, in. 
being fatal to the fuze. hereas with a quantity 
battery and platinum wire fuze the conductor could 
be bared in sea water for 2ft., and still ignition be 
effected. 

Platinum wire fuzes are so simple and easy to 
make that they became at an early period the 
favourite mode of ignition; but in consequence of 
the defects of the early form of quantity batteries, 
most especially their lack of constancy, and the 
apparent difficulty in overcoming them, attention 
was chiefly given to fuzes capable of being exploded 
by electricity of a high tension. Grove'’s, Bunsen’s, 
Walker’s, and Smee’s were considered as amongst 
the suitable batteries, but they each possessed very 
different degrees of merit relative to the require- 
ments already enumerated. Grove’s, with all its 
great merits, has the important demerit of incon- 
stancy, and would require to be taken to pieces, 
cleaned, and remounted almost daily, in order that 
the ordinary force of the current might suffice for 
heating the platinum wire to fusion under yet 
bable cenditions of submarine defence. Walker's 
battery, on the other hand, may remain mounted for 
weeks together without any considerable attention, 
and ‘months without any considerable diminution in 
the strength of the working current. Mr. Walker 
uses comparatively small zinc and carbon plates and 
a large nnmber of small cells, so that his battery 

many small cells todo the work of a couple of 
Grove’s larger cells. 


in many ts it has been far surpassed, if not 
in point of simplicity, certainly in power and 
constancy; by that known as the ‘modified Le- 
clanché,” or Silvertown firing battery. The ordi- 
nary Leclanché cell, used for telegraph purposes, 
consists of a porous oo containing a plate of carbon 
which is surrounded by a mixture of gas carbon, 
and the needle form of Yar se of manganese, the 
porous pot together with a zinc rod being placed in 
a solution of sal-ammoniac (chloride of ammonium) ; 
while the modified Leclanché has substituted for 
the porous pot a felt chamber, and for the rod of 
zinc a cylinder of zinc, thus converting it from an 
intensity into a quantity battery. Since its intro- 
duction this battery has more than realised the ex- 
pectations of even the most sanguine of its earl 
irers, for not only does it possess in a very high 
degree all the desired qualifications for such a 
battery, but has also been tested and found perfect 
under conditions hitherto supposed on theoretical 
grounds to be practically impossible. With very 
little attention it may be kept in active operation 
for months without any sensible diminution of 
power, and when exhausted may be easily renovated. 
The number of modified Leclanché cells required 
for a torpedo firing station must of course depend 
on the situation of the mines and on the electro- 
motive force necessary to overcome the resistance 
of the conducting cables, &c. For the sake of com- 
pactness and to facilitate their transport, they are 
made up into batteries of ten cells each, contained in 
a strong wooden box, as shown in Fig. 121. Fig. 122 
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is a sectional elevation of one of the cells; A is the 
carbon plate, B the felt substitute for a porous pot, 
C the zine cylinder, and E the outer cell, con- 
structed of ebonite. Within the felt com ent 
and surrounding the carbon plate is a mixture of 
gas carbon and peroxide of manganese ; while in 
the outer cell is a solution of sal-ammoniac. When 
the battery is exhausted and no longer capable of 
doing the work required of it, it may be com- 
pletely restored by simply taking the cells to pieces, 
washing the plates thoroughly, and putting them 
together in in the same manner as before, but 
using fresh carbon and manganese mixture and 
sal-ammoniac, and substituting new felt porous cells 
should the old ones be any way rotten. Fig. 123 is 
a plan of the cell. 
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Fig. 124 is a perspective view of two cells of Eagle's 











Excellent, however, as Mr. Walker's battery is, 





battery, usually employed in connexion with the 
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shutter a tus for signalling purposes; Fig. 125 
is a pale ay devitlen of one e the cells, and 
Fig. 126 a plan of ditto. It consists of an ebonite 
cell charged with 5 Ib. of sulphate of copper, over 
which is laid a thin sheet of copper and layer of 
felt, and over this again a layer of sawdust vary- 

















ing from 1 in, to 2in.; the zine plate is finally 
set upon the sawdust and sufficient water to im- 
merse the whole is poured into the cell, which, 
after standing for a few hours in closed circuit, is 
ready for use. The size of the cell is 6 in. by 8 in. 
by 3 in. Referring to our illustration, A is the 
ebonite cell, B the sulphate of copper, C the feed- 
ing tube, D the copper disc, E the felt covering, 
F the layer of sawdust, and G the zinc plate. 

Two ordinary Leclanché cells are often employed 
in place of Eagle’s, for signalling purposes, as they 
require even lessattention than the latter, which must 
be kept wellsupplied with sulphate of copper in order 
to retain them at their full working power. A per- 
spective view and plan of one of these cells is 
shown in Figs. 127 and 128 ; A is the glass cell, B the 
porous pot, C the carbon plate, and D the zinc rod. 
Figs. 129 and 130 are two different forms of gal- 
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vanometers employed for testing purposes in con- 
nexion with submarine mining. Fig. 129 is a par- 
ticularly handy and neat arrangement for testing the 
continuity or insulation of the various branch cables 
when placing them in position; the battery, which 
consists of two small Leclanché elenents, being con- 
tained in the box below the galvanometer, thereby 
avoiding the inconvenience of carrying separate 
cells about and connecting them up in circuit with 
a galvanometer, such as is shown in Fig. 130, 
previous to making the nec tests. The 
ie of the galvanometer is well understood, it 

aving been demonstrated as far back as 1820 by 
Oersted, of Copenhagen, and need not, therefore, 
be recapitulated here, 

Fig. 131 represents a form of electrical machine 
suitable for firing tension fuzes ; itis not the pattern 
usually employed for submarine ignition, but has 
the advantage of giving forth a perpetual current of 


electricity, and also of generating the said current 
with much — rapidity. It consists simply of a 
metal base fitted with two uprights for carrying two 
rods or shafts, to which are secured two ebonite 
discs, made to revolve at a ratio of six to one by 
means of a small handwheel and pulley, the current 
derived being conveyed by means of a prime con- 
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shown in our illustration, Figs, 132 and133; Aisa 
compound permanent magnet affixed by means of 
brass studs B B to the wooden base C, D D are 
coils of silk-covered copper wire, of great length, 
wound helically round a core of soft iron, E is the 
armature, and F the firing key. The ignition of the 
| fuze is effected by a momentarily induced current 

















































ductor affixed to the top of the machine out along 
the cable to-the charge. Referring to our illustra- 
tion, A is the metal base 16in. square; B and C 
two ebonite pillars 2in. in diameter, B being 10in. 
and C 17 in. long, secured to the base by means of 
nuts; E a round ebonite rod ]}in. in diameter and 
16 in. long, plus that portion screwed into B; D is 
an ebonite rod 8 in. long fitted into a tube 1 in. long, 
the tube in its turn being fitted by means of cement 
into the pillar C; F is the prime conductor con- 
structed of sheet tin lacquered black with two brass 
spherical ends fitted into it, the extremity of the 
rod D passing through a tube in one of the brass 
spheres, the rod E being secured to the conductor 
by means of a screw ; G and H are two ebonite discs, 
one being 12in. and the other 18in. in diameter, 
affixed to separate ebonite spindles I and J, which 
are made to revolve in the required ratio by means 
of the pulleys K and L; M is a brass pipe carrying 
the comb for collecting the electrityas nearas possible 
to the surface of G; N is a ball capable of rotating 
stiffly on its axis, and carrying the brass wire O sur- 
mounted by a ball P, which can thus be made 
to touch the conductor, or fixed at any required 
distance from it. At Ris a comb attached to the 
conductor; and on the other side at S is a piece 
of ebonite, about 24 in. long and 1 in. wide, fixed 
parallel with the conductor, and having on the 
side next the disc a piece of varnished paper 
cemented to it with four or five points cut on the 
edge of the paper, which is somewhat wider on 
one side than the ebonite plate, so that these 
points are projecting in the direction in which the 
disc G is turning; and TT are the rubbers, con- 
sisting of two cushions, which clasp the disc 
H closely, and are supported by two thin ebonite 
springs U V, fixed on to a block of ebonite at the 
bottom, which slides on and off on a dovetail fixed 
to the base A. The cushions are covered with 
thin leather stuffed with horsehair; and the 
amalgam is bisulphuret of tin, called aurum 
musivum, rubbed on the cushions, The discs over- 
lap by 4in., and should be as close together as 
possible. When the machine is in action, the comb 
M must be connected with the ground, and the 
ball at the top of N brought away from the con. 
ductor till the striking distance is attained. This 
machine gives from 3 in, to 5 im. sparks easily 
and in torrents, with a condenser showing a square 
foot of surface. The size and power of the machine 
here omy is much in excess of what would be re- 
quired for submarine mining purposes, but it could 
of course be reduced in proportion to the desired 
dimensions. It will be found necessary to occa- 
sionally wash the ebonite discs, first with fluid 
magnesia and then with parafline, as the ozone 
appears to turn the sulphur of the ebonite into a 
coating of sulphuric acid, which attracts moisture. 
In common with dynamo-electrical machines, 
magnetic exploders furnish such a small quantity 
of current as to render their performance in the 
highest degree uncertain, consequently they are 
scarcely likely to be depended upon in cases of 
emergency, though one or more of them are con- 
sidered indispensable adjuncts to complete an 





effective torpedo plant. One of these oders is 





passing through the helical coils D D, caused by the 
sudden jarring down of the firing key F. G G are 
two brass terminals for connecting the instrument 
with the line wire and with earth, and H is a 
polished wood cover for protecting the internal 
parts from injury. 

There are a variety of other machines in addition 
to those here enumerated, that have been oc- 
casionally employed for submarine ignition with 
varying success. An electro-dynamo machine 
weighing 28 lb. has fired 46 fuzes out of 50 placed in 
continuous circuit, while the frictional machine of 
Von Ebnor has fired 60 fuzes in continuous circuit 
nares three in divided circuit, but should never be 
used so. 
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Fig. 134 is a military telegraph sounder used to 
carry on communication between the boats and the 
firing station during the operation of placing the 
mines in position. 


THE PENNSYLVANIA ‘RAILROAD. 
No. XXX V.—Locomotives—(continued). 
AXLES. 

Fig. 91, and Figs. 96 to 100 (see page 166), show 
the various forms of standard steel axles employed on 
the different classes of locomotive, and Fig. 103 is the 
truck axle, also of steel, for engines of all classes. 
The main axles are in all cases of uniform diameter 
throughout, excepting a slight rib coming against 
the inner face of the wheels and 7, in. wide. Ex- 
cepting for locomotives of the ‘‘ F” and “‘ H” classes, 
the length of that part of the axle entering the wheels 
is 7 in., for these classes it is 6} in. On the back 
axle a similar rib is left to bear against the wheel 
face, and in addition a collar is formed, the outer 
face of which is 1} in. distant from the inner face 
of the axle-box. For this distance the axle is tarned 
down to a somewhat larger diameter than that of the 
journal, and a loose ring is placed in the seating 
thus formed fitting between the collar and the axle- 
box. The truck axles for all classes (Fig. 103) are 
5 ft. 6 in. in length over all, 4} in. in diameter, and 
parallel throughout. The = of bearing in the 
wheel seating is 7 in., and the length of the journal 
is 7} in. A loose collar fastened with set screws 18 
fixed to the axle so as to fit against the inner face of 
the axle-box. On Table No. XVL. (see page 164) 
are given all the dimensions of the various axles for 
the Gifferent classes. 








AXLE Boxes, WEDGES, AND SHOES. : 
The form of axle boxes employed is shown in 
Figs. 91 to 94, and the wedge and shoe in Figs. 104 
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BOILERS AND BLAST HEATING STOVES AT THE BETHLEHEM IRON WORKS, PENN., U.S.A, 
(For Description, see Page 159.) 
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to 107. The box is of brass 7} in. long, and 14 in. | tions are formed to receive the base of the spring 
pres The body of the box is 10} in. wide, | standard. The oil cellar is as usualof cast iron, 
Th wings on each side having a width of 1} in. | and is held in place by two through bolts passing 

ere are two of these wings in each side, with a | through the wings of the box, and iy agen the 


wide over all. 


clear space of 5}in. between them to admit the | cellar by the recessed bearings in the 


se of the 


ham and shoe.. The thickness of the box at the | latter. The standard forms of wedge and shoe 
P 18 1} in., and on the upper face suitable projec- | are seen in Figs. 104 to 107. The former gre 





6. 


14 in. in depth, 5 in. wide in all, and flanges } in. 
thick on two sides, These latter are parallel, making 
the depth of the shoe 2gin. The thickness of the 
wedge at top is gin., and 1?in, at the bottom. The 
wedge is cast solid, and then recessed, as shown, to 
admit the adjusting bolt, which passes through the 
cross bar at the bottom of the pedestals, This 
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TABLE No. XVI.—Drmensions or AXLES FOR DIFFERENT CLASSES OF LOCOMOTIVES. was one of great practical importance to physicists 
and to any one interested in illumination, and the two 
ee “A” and ee ee oe STs ae conditions of a standard light, namely, having a 
Pas. Le with a = “ on A, am combustible of known composition, and burnt a 
racive. | Brass Boxes. . " known conditions, seemed to be fulfilled very satis- 
Cuasses or ENGINES. _______ | factorily in — om poe — in — per. After 
; ing t t to Mr, 
Main | Back | Main Main | Book | Mein | Back) Mais [Bask oie ee aaa J.C. Adams, PRS 
Axle. | Axle. | Axle. | Axle. | Axle. | Axle. | Axle. e. e. le. | pad his per “ On some Recent Advances in the 
in. | in. | im. | im. | in, | im. | im. | im, | im, | in. | Lunar Theory.” This paper is too purely mathe- 
Total length of axle is - i 68} | 68) | 68} 67 or} 63) | 68} | 68} | matical to publish in the pages of this journal, but 
Diameter of body ... + uss weet 7 Ld z St 64 a in it the eminent author made the startling announce- 
” oe” agp ment that he had discovered in lookin 
Jansth of journal, se gee a4 vt a a : 7 7 a i of number of original manuscripts of Sir Tonos 3 barton 
— r of wheel bearing 4 ~ : * “ . 64 7 7 7 | which had been placed in his hands for arrangement, 
wit, of collar on axle Ro tae a 1 ie 1 1 1 ¥ 1 | that that great philosopher was acquainted with the 
Diameter of collar on axle...  » ea TE | 7 6 6f | + 7} | phenomenon which is known to astronomers as the 
Width of seating for loose collar... o 1b| .. i - ut “ é revolution of the “apse” of the moon, or more cor- 
Diameter of sea’ fen taste eotian + a | oe ar of | 49° | rectly speaking the revolution of the line joining 
wiatk loose co! en + |= lk if 1} 1; | the apses of the moon’s elliptic orbit, that is to say 
” of its major axis. This revolution of the elliptic 
: ; orbit of the moon performs an entire rotation in a 
bolt is 14 in. in diameter, with a round head | much yet to be learnt with regard to hearing by | period of nine years, and in all lunar calculations 


lf in., and squared at the bottom below the thread. 
The position of the wedge is shown in the general 
view of the engine, where it will be seen that the 
inclined face takes its bearing against the inner 
side of the pedestal, which is 4 in. wide, and therefore 
fits between the jaws of the wedge. The shoe, 
Fig. 105, occupies a corresponding position in the 
other side of the axle-box. Itis a simple U-shaped 
casting 5 in. wide, 2} in. deep, and 17}in. high. 
The width between the jaw is 4in., corresponding 
to the thickness of the pedestal. 

The spring standards are of wrought iron 9} in. 
high, 94 in. wide at the base, and 5 in. wide at the 
top. The thickness of the sides is }gin. This 
standard rests on the top of the axle-box between 
the projections on the latter, and for a length of 
44 in. the base of the standard is extended to a 
width of 1% in. on each side, this extension fitting 
between the projections, Figs. 91, 92,93, and 95. 
The top of the standard forms a table 5 in. by 6 in., 
in the centre of which is a circular recess 24 in. in 
diameter and gin. deep. The clear width between 
the sides of the standard is 4jin., and the engine 
frame passes between, as indicated in Fig. 91. 


EcCENTRICS AND STRAPS. 

Figs. 108 to 112 show the arrangement of ec- 
centrics and straps for the Class ‘‘C” engines, The 
upper half is of cast iron and the lower of wrought 
iron; the periphery of the latter is recessed with a 
number of holes }in. deep and }in. in diameter, and 
these holes are fitted with Babbit metal. ‘The bolts 
connecting these halves together are placed 8} in. 
apart from centre to centre and are 4 in, in diameter. 
The width of the eccentric is 3 in., and it has a central 
projecting rib around it gin. high, and }in, wide. 
The strap, Figs. 110 and 111, is also of cast iron, 
» bes total thickness, and 3 in. wide, The lugs by 
which the halves are bolted together are 2} in. wide, 
and are separated b ct be packing strip of wrought 
iron, The forward bal of the strap is formed with 
an oil cup top and bottom, and as only one pattern 
is used, either oil cup may be used when the strap 
is reversed, the bottom cup is always plugged up. 
The attachment to the eccentric rod is shown in 
Figs. 110 to 112. It consists of a palm 7} in. 
long, 5g in. wide, and jin. thick, recessed to the 
depth of | in. for a length of 7$ in., and a width of 
34 in, The rod is secured by three bolts > in 
diameter, and placed in zig-zag; the hole for the 
middle bolt is oval. 

SPRINGS. 

A standard eleven-plate spring is illustrated in 
Figs. 113 to 116, All the dimensions are marked 
in the drawings, from which it will be seen that the 
normal span is 2 ft. 103 in,, and the rise 6 in. The 
thickness of the plates is jin. The band, which is 
} in. thick, is shruuk on, and has a circular projec- 

ion 2 in, in diameter and jin. deep on the under- 
side, This fits into the recess before mentioned in 
the top of the spring standard, 





THE BRITISH ASSOCIATION. 

Tue paper by Mr. Silvanus Thomson (Professor 
of Physics in Universit: a Bristol), upon 
Binaural Audition, read before the British Associa- 
tion at Plymouth, and to which we referred last 
week, gave rise to an interesting though somewhat 

ve discussion, in which Lord Kayleigh, Sir 

illiam Thomson, Professor Barrett, and Professor 
McLeod took part. Lord me hem considered that 
the subject was one of great interest, for there was 


the two ears, more especially ery the prin- 
ciples involved in the ey >y of the direction in 
which a sound is coming. e considered it of im- 
portance that observations should be made upon the 

henomena connected with binaural audition by as 
— a body of observers as possible, as the results 
obtained depend entirely upon the impressions pro- 
duced on the mind of each observer. 

Professor Barrett said that the difference between 
the limits of hearing of each of the two ears nearly 
always varies in differeut individuals. In his own 
case there was a difference of perception of pure 
notes to the amount of several octaves. Experi- 
menting with one of Mr. Galton’s whistles, he found 
that his left ear is sensitive to the highest notes 
that can be heard by any one he knew, whereas his 
right ear is very deaf to high notes—with ordinary 
sounds however both ears are equally perceptive. 

Sir William Thomson, referring to the telephone, 
said that hissing sounds cannot be carried by it as 
far as the graver tones. With short connexions 
sounds of all descriptions and tone are reproduced 
accurately at the receiving station, but when the 
stations are far apart over tones are lost and only 
the fundamental tone is reproduced. It was found 
that by the telephone the amount of sound trans. 
mitted is much greater for waves of short period 
than for those of long period, 

On Friday, August 17, the business of Section A 
commenced by the reading of a paper by Mr. A. 
Vernon Harcourt, F.R.S., ‘* On a New Unit of Light 
for Photometry”. After a few introductory remarks 
tracing the history of the subject in this and other 
countries, in which he referred to Mr. Crookes’ 
standard light in which a bundle of platinum wires 
of a uniform gauge constitute the wick and a mixture 
of alcohol with benzine in definite proportions and 
known specific gravity is the burning and illuminat- 
ing agent, the author stated what he considered the 
three conditions necessary to be fulfilled in order 
to obtain a standard light which shall always have 
the same unit of intensity : (1) the combustible must 
be of known definite composition and easily manufac- 
tured, (2) the conditions of burning and the con- 
struction of the lamp must be simple and easily 
understood, and (3) the nature of the combustible 
and of the conditions of burning must be such that 
variations of the state of the atmosphere have no 
ee on the flame, 

he light proposed by the author of the r is 
produced by tad combantion of cinentasie'el ten: 
pregnated with the substance called pentene, this 
consisting of that portion of American petroleum 
which is given off by distillation at a temperature 
of 50 deg. Centigrade (=122 deg. Fahr.). The 
po oom employed by Mr. Harcourt, which was 
exhibited in action, consists of an ordinary 
holder fitted with a scale by which the quantities of 
gas contained or being expelled is accurately shown, 
the burner for producing the standard light, and an 
ordinary Bunsen photometer, The modus operandi 
is as follows: The gas-holder being empty, or rather 
completely filled with water, 3 cubic feet of atmo- 
spheric air are drawn in, the measured quantity of 
pentene is then poured in through the top of the 
receiver, and becomes at once vaporised, and in about 
three or four hours the gas is ready for use. The 
burner consists of a brass tube 1 in. in diameter and 
4in. long, and having a hole } in. in diameter at the 
upper end through which the gas is emitted and 

urnt, 
The President of the section said that the subject 





this has to be taken into consideration. It has 
always, previous to the meeting of the British 
Association which has just come to an end, been be- 
lieved that the great discoverer of the lunar theory 
was ignorant of this apsidal perturbation of the 
moon’s orbit, and that its discovery was of much 
more modern date than Newton’s time, This dis- 
covery therefore by Professor Adams of calculations 
in Newton’s handwriting involving the full apprecia- 
tion of that phenomenon are of the very highest 
interest to the historian and biographer as well as 
to the mathematician and astronomer, and Professor 
Adams’s paper will for that reason be one of the 
principal channels through which the Plymouth 
meeting of 1877 will leave its mark upon the annals 
of the British Association. 

Next came a paper by Lord Rayleigh on the lower 
limit of the prismatic spectrum, recording some ex- 
periments by the author in which he had obtained 
results different to those obtained by Herschell. 
This gave rise to a short discussion, in which Mr. 
Spottiswoode, F.R.S., Captain Abney, R.E., and 
Mr, Vivian took part. 

Professor Herbert McLeod next read a paper ‘ On 
a New Method of Determining the Vibration Number 
of Tuning Forks.” This method is the converse of 
his arrangement for the accurate determination of 
the velocity of rotating bodies by his cycloscope, 
which has been described in a former article in this 
journal,* and which formed the subject of a paper 
read by Professor McLeod before Section G on 
Tuesday the.2Ist inst. 

In the discussion which followed, Sir William 
Thomson said that Professor McLeod had in the 
apparatus described in the paper constructed a 
timekeeper of greater accuracy than the most 
accurate chronometer ever constructed, and that was 
a great feat to have performed in science. Both 
Sir William Thomson and the President spoke in 
high terms of the value of the communication. 

The next _— was by Sir William Thomson 
‘On the Possibility of Life on a Meteoric Stone 
Falling on the Earth,” and it was in anticipation of 
this paper and Mr. Preece’s paper ‘‘ On the Tele- 
phone,” which followed it, that the room devoted to 
Section A was crowded from an early hour. Leaving 
out altogether the question as to how life could in the 
first instance get on to a meteoric stone, Sir William 
Thomson treated the subject purely from a physical 
point of view, with the idea of showing that if it 
once was on the stone it might still be carried to the 
earth without material injury, notwithstanding the 
enormous heat produced in the flight of the stone 
through the earth’s atmosphere. It is an astounding 
fact, indicated by mathematical reasoning and 
proved by physical experiment, that the friction of 
the air is so great that a meteor on reaching a spot 
50 miles from the surface of the earth became in- 
candescent, but long before that incandescence 
could take place any adhering moss or lichen would 
be torn off, and in a few years might settle upon the 
earth, and, for all any one could prove to the con- 
trary, might take root and grow. Sir William then 
went a step further, passing from the vegetable to 
the axhaat kingdom, and amidst much laughter 
declared that he could see no difficulty in conceiving 
that.a Colorado beetle might snugly, under the pro- 
tection of a crevice or fissure in the meteoric stone, 
be carried to the earth without injury, although 
the exterior surface of the meteoric mass might 





* See ENGINEERING, vol. xxiii., page 333, 
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incandescent. The beetle would experience a tre- 
mendous “‘ whish” as it was carried through the air, 
followed by a tremendous concussion, but not 
perhaps enough to kill it, and falling out on the 
ground, Sir William Thomson added, amidst great 
laughter, might become the father of a large and 
increasing family. 

Mr. Glaisher said that up to the present time there 
is no record of any stone having fallen to the earth 
during the meteoric showers. As the motion of 
these meteors is opposite to that of the earth, their 
own motion was added to that of the earth, and 
complete fusion was the result; but from his own 
experiments in the balloon, he had proved that be- 
yond the limit of the atmosphere there would be no 
heat developed, nor would the sun have any heating 
effect. It could only be when the meteoric mass 
reached the atmosphere that any heat could 
exist, and he could quite believe it possible that if 
there were any life upon the stone on its reaching 
the atmosphere, it might be conveyed to the earth 
without injury, but he was bound to say that he 
had in the whole of his experience never heard of 
anything like organic matter having been found on 
a meteoric stone, 

Professor Haughton, of Dublin, was the next 
speaker, and in a speech brimming over with 
humour, criticised what he called Sir William 
Thomson’s ‘‘ paradox” and sent the section into 
roars of laughter by saying that he never heard be- 
fore of a father beetle having a numerous family. 
For his own part he should regard with perfect 
equanimity the arrival of any number of Father 
Colorado beetles so long as they left all the mammas 
at home. 

Dr. Gladstone and a few other speakers having 
made a few remarks, the President called upon Mr. 
W. H. Preece to read his paper “‘ On the Telephone,” 
which we printed in extenso last week.* The paper 
and the hitherto unprecedented experiments which 
followed it, and to which we referred last week, 
were received by a large audience with great 
enthusiasm, There was no discussion upon Mr. 
Preece’s paper, but Sir William Thomson an- 
nounced that Dr. Graham Bell, the inventor of 
the articulating telephone, was in Glasgow, and 
would leave for Plymouth the following day, and 
he quoted from a letter he had that morning 
received from Glasgow, in which his corre- 
spondent stated that experiments with the instru- 
ment were being made in Glasgow with a 
view of ascertaining the distances of cable through 
which it is possible to use the telephone in its present 
form. The writer went on to say, ‘‘ We have to- 
day been making experiments in the laboratory 
with the artificial cable. The instruments brought 
by Mr. Bell were not adapted for speaking through 
a cable, but we could speak through what would 
correspond to one hundred miles of the Atlantic cable. 
es The telephone is the most wonderful in- 
vention I have ever seen. We could talk through 
30,000 ohms.” Sir William Thomson remarking 
that this was equal to 3000 miles of ordinary wire, 
said that as Professor Bell would be in Plymouth in 
a day or two, he would no doubt give to the meeting 
himself the results of those experiments, 

On the following Tuesday in Section G, Professor 
Graham Bell read to a crowded audience a paper 
upon “ The History and Development of the 
Telephone,” but the results of the experiments re. 
ferred to by Sir William Thomson were not given. 
The author stated that he was led to the invention 
through experiments made upon the tympanum of 
ahuman ear, The first instruments he constructed 
were on the model of the human ear, the tympanum 
being of membrane, and in his early experiments 
he had one at the top of his house and another at 
the bottom, the two being connected by a line of 
telegraph wire. ‘The results obtained from this 
early apparatus justified him in proceeding further 
with his experiments. His next step was the at- 
tachment to the membrane of a small plate of iron, 
and the effect of this was so successful that articu- 
late speech was reproduced at the further end, and 
he had the satisfaction of receiving from his assis- 
tant at the top of the house the following answer 
to his question, ‘‘ Yes, I understand you perfectly.” 
This was the first articulate sentence transmitted by 
electricity through the telephone, and it was this 
form of instrument that was exhibited by the in- 
ventor at the Philadelphia Exhibition, and the 
illustrations accompanying the description of the 
telephone ‘which appeared in this journal in 


December last* were drawn from the identical in- 
strument, Since the Centennial Exhibition, Pro- 
fessor Bell, by varying the form of every part of the 
instrument and marking the effect of the alteration, 
has step by step improved it always in the direction 
of simplicity, until it has reached its present almost 
incredibly simple form. So far, however, from re- 
garding its present as its perfected form, he considers 
the invention only yet in embryo, and he hoped 
that before another meeting of the British Associ- 
ation was held a still better form of the instrument 
would be devised, 

At the conclusion of the paper, which was re- 
sponded to with great applause, a series of experi- 
ments were exhibited similar to those which were 
made after Mr. Preece’s paper in Section A and his 
lecture to working men in the Guildhall, with the 
addition of connecting a tone telephone with an 
organ in the Guildhall (a distance of about half a 
mile), when the tune of ‘‘ God save the Queen” was 
distinctly heard by the audience, 

There was no Lenmaien properly so called upon 
Professor Bell’s paper, but Mr. F. H. Varley, ina 
speech which did not appear to be appreciated by his 
hearers, claimed for this country the honour of the in- 
vention of the telephone, stating that the Americans 
were fond of exaggeration, and asking the author of 
the paper if it was true, as was stated in the 
American press, that a full concert had been trans- 
mitted by the telephone to a distance of many miles, 

Professor Bell drew forth a hearty cheer when in 
answer to the last speaker he was able to endorse 
the British claim to the invention by stating that he 
was a native of this country, and had been in the 
United States only five years. It was not true, he 
said, that any such concert had taken place, nor did 
he believe it possible in the present state of the 
telephone. It was, however, true that a speaker or 
singer could be recognised by his voice, and he 
could himself always recognise the voice of a friend 
speaking at the other end, 

After the usual vote of thanks to the author for 
his paper, which was warmly received and carried 
by acclamation, the meeting of the section was 
adjourned, 

THe Excursions. 

The excursions in connexion with the Plymouth 
meeting were all of an interesting character. 
Saturday’s excursions were (1) to Lee» Moor and 
Dartmoor under the guidance of Mr, C. Spence 
Bate, F.R.S., (2) a dredging excursion in and 
around the Sound under the superintendence of 
Mr. J. Gwyn Jeffreys, F.R.S., (3) to the city of 
Exeter by special invitation of the Mayor and Cor- 
poration, and (4) a water excursion to the ships in 
the Hamoaze, passing under Brunel’s great bridge 
over the Tamar at Saltash, and after witnessing 
gunnery and torpedo practice from H.M.S. Cam- 
bridge, proceeding out of the Sound to the Eddy- 
stone Lighthouse, taking the Breakwater on the 


way. 

This was by far the most sought after of the day's 
excursions, and though the Admiral Superintendent 
of the Port had placed three Government steamers 
at thedisposalof the Excursion Committee, they were 
all crowded, and several members were obliged, for 
want of room, to be left behind, The gunnery prac- 
tice commenced by the firing at target buoys floating 
at measured distances in St. John’s Lake, and some 
splendid shots were made. The vertical jets of 
water projected bg the shot as they struck and 
ricocheted over and over again from the surface 
produced a beautiful effect in the full sunshine, and 
when a broadside was fired by nny the whole 
creek for miles away was studded with fountains 
oa by the striking and rebounding of the 

alls. 

‘The torpedo practice consisted in blowing up a 
boat by means of a submerged torpedo fired from 
H.M.S. Cambridge by electricity, and the discharge 
of two spar torpedoes put out from small torpedo 
rowing boats. When the signal was given, contact 
was made, and suddenly the water rising in a domical 
wave beneath the boat projected it vertically upward 
toa height of between 25 ft. and 30 ft., and dis- 
sipated it into a thousand splinters. The spar 
torpedoes were simply discharged under open water, 
but they projected vast volumes of water into the 
air, and it required some dexterity on behalf of those 
in the boats from which they were projected to 
avoid being swamped by the descending water. 

On the way to the Eddystone, soundings were 
taken with the steamer going at full speed, by 


means of Sir William Thomson's pianoforte sound- 
ing apparatus, which has been described in this 
journal, fitted with his chemically registering mano- 
meter tubes, by which the depth corresponding to 
the registered pressure is given in fathoms upon a 
divided scale. 

Sir William Thomson also exhibited and described 
his en azimuth compass, which has also been de- 
scribed in a former article. 

While the vessel was making the round of the 
Eddystone rocks, Dr. Gladstone, F.R.S,, one of the 
Lighthouse Commissioners, gave a short description 
of the various systems of lighthouse illumination, 
Dr. Gladstone was followed Sir William Thomson, 
who described his own system for giving a distinc- 
tive character to revolving and flash lights at diffe- 
rent places on the system of the Morse alphabet. 
long flashes or eclipses indicating the dashes an 
short flashes or eclipses corresponding to the dots ; 
and he urged upon his hearers the great importance 
it is to mariners for a revolving light to complete 
the circle of its phases in a short period of time, so 
that the man on the look-out may be able without 
having to wait long to determine the name of the 
particular light while he is observing, And Mr. 
Conrad Cooke described the dioptric group-flashing 
system of Dr, Hopkinson, in which by placing the 
axes of the lenses and prisms at unequal angular 
distances in azimuth, flashes and eclipses may be 
made to succeed one another at long or short in- 
tervals or in groups, with a uniform rotation of the 
optical apparatus. This system is adopted in the 
Little Basses Lighthouse, to the southeast of the 
island of Ceylon, and was described in this journal 
some months ago.* 

The excursions on the following Thursday were 

1) by boat up the River Tamar to the Devon 

reat Consols Copper Mines, near Tavistock, @) 
to Liskeard and the Caradon Mines, and (3) by 
special invitation of the town of Torquay to Totn 

orquay, and Brixham. This excursion was divide 
into four parties, one to visit the castles of Totnes 
and Berry Pomeroy. One under the direction of 
Mr, Vivian to Kent's Cavern, the discoveries in 
which have established beyond doubt the contem- 
poraneity of man with the mammoth and other 
extinct animals. Another under the guidance of 
Mr, Pengelly to inspect the geological peculiarities 
of Bri , where there is another celebrated bone 
cavern, and the fourth to the experimental works of 
Mr, Froude at Chelson Cross, Here Mr, Froude 
met the , and the various processes of casting, 
grooving, and shaping the paraffine models for his 
experiments upon the resistance of ships was ex- 
plained, as well as the apparatus by which they are 
drawn through the water, which is contained in a 
long tank, with the hauling apparatus at one end. 
At four o'clock all the parties met at a collation 
given by the town of Torquay, and the usual toasts — 
were proposed —that of the British Association 
being responded to by Mr. Spence Bate, F,R.S., 
one of the vice-presidents, 

On Friday last the leading members of the Bri- 
tish Association were invited by the Mayor ani 
Corporation of Plymouth to assist at a very curious 
ancient ceremony observed on the occasion of the 
mayor's annual inspection of the corporation re- 
servoirs and water works, at the Head Weir, which 
is on Dartmoor just at the foot of Sheepstor. ‘The 
party being assembled, a goblet filled with water 
dipped from the weir by the corporation surveyor 
was handed by him to the mayor, who drank from 
it ‘To the pious memory of Sir Francis Drake,” 
who it is said designed and established the Plymouth 
Water Works. The goblet was then passed from 
one to another of the visitors, each of whom drank 
of it repeating the same words. Another goblet was 
next filled with wine, and the toast, “May the 
descendants of him who brought us water never 
want wine,” was drunk, the cup being as 
before; the weir was then opened, and trout for 
‘“ Y° Fishinge Feaste” were caught in nets, and the 
first part of the ceremony was over. The party then 
broke up into groups for visiting points of interest 
in the neighbourhood, reassembling at four o’clock 
for “ Y* feaste” in a large marquee, Although there 
were present some two hundred each was 
served with a trout caught in the stream, after which 
an ordinary luncheon followed. After the usual 
loyal and other toasts, that of the British Association 
being responded to by the President, Professor Alien 
Thomson, “ Y* oy a cuppes” were passed round 
with the toast, “ Unity and prosperity to the town 





* See ENGINEERING, page 152 ante. 





* See ENGINEERING, vol. xxii., page 518, 





* See ENGINEERING, vol, xxii. page 355, 
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of Plymouth, The party then drove back to Ply- 
mouth by the way they had come in carriages provided 
by the Mayor and Corporation; and avery pleasant 
day, heightened by the weather, which was all that 
couid be desired, came to an end. 

The 1877 meeting of the British Association 
cannot be called a success, on account of the excep- 
tionally small attendance and consequent small 
amount brought to the treasurer by subscriptions. 
The total amount received amounted to 1267/., and 
the total number of members and associates present 
at the meeting, including 11 foreign members, was 
1217. This number was made up as follows: 161 
old life members, 19 new members, 238 old annual 
members, 58 new annual members, 447 associates, 
and 283 ladies. 

It is a painful duty to record that during the 
recent meeting two influential members of the 
British Association have been removed by death, 
Mr. William Longman, the eminent historian, and 
head of the celebrated firm in Paternoster-row, and 
Mr. John Peter Gassiot, D.C.L., F.R.S., to whom 
“the British Association owed so much, for it was he 
who for many years supported the Kew Observatory 
by an annual grant of 500/., and ultimately he gave 
to that establishment an endowment sum of 10,000/., 
by which its position has been made permanent. 
At the concluding meeting the President paid a 
warm and well-merited tribute to the memory of 
Mr. Gassiot, who had done so much in his long life 
both by personal research and by monetary aid 
towards the advancement of science and towards the 
welfare of the British Association. 


THE ENGINES OF THE “ MOOLTAN.” 
To THE Eprror or ENGINEERING. 
S1r,—I should be ey ues would allow me to correct 
some statements made by Mr. Adams (in his letter pub- 
lished on page 133 of your number of the 17th inst.) with 
reference to the Mooltan, observing that I am well ac- 
quainted with all the facts of the case, and made several 
voyages in the ship both on the home and Indian stations. 
e balance pistons were 19in. in diameter, not 24 in. as 
stated. The pistons having no junk rings, the steel pack- 
rings were turned out at the back and saw-scarfed, 
to hansen their rigidity, and enable them to be sprung into 
the grooves in pistons, not in order that they might bed 
well against the cylinders as stated. 
a were no springs behind the rings, not twelve as 





The tops of the balance cylinders were not connected to 
the top side of air pump buckets as stated, they were 
connected to the condensers, at first with 2 in. pipes, 
afterwards (before the ship left London) increased to 
6 in., in order more freely to relieve the cylinders 
of water which was found to accumulste on the top 
of the pi , when the engines were standing, breaking, 
on the time of steaming, the connexion of the balance 
cylinder piston-rods to the large pistons ; the 6-in. pipes were 
an effectual 


As an experiment, the tops of the balance cylinders were 
at one time connected to the bottoms of the air pumps, but 
that arrangement was abandoned because it was found 
that the vacuum was impaired, owing to the defective 
action of the air-pumps, if the non-return valves in con- 
nexion between the pumps and cylinders lifted and re- 
mained up, except at which times the vacuum was always 
from the first time of steaming) good, standing at from 

—,' not 19 po Stee wey “ 

pistons were tight; as a test the engines 
were worked for some hours with the tops of the cylinders 
open to the engine-room. 

After trial with the covers lifted, the covers were not 
let down and the ship sent to sea as she was, as stated, the 
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connexion to the bottom of air-pumps was first tried, 
afterwards the larger pipes fitted ; there is, therefore, no 
foundation for the serious imputation that the ship was 
sent to sea with a known defect without any attempt to 
remedy it. 

It is true that on one occasion on starting the engines, 
some water which had collected on the tops of the balance 
pistons, whilst the engines were standing, was thrown over 
myself and some others who happened to be standing near 
the cylinders, but all hands were not scalded as stated. 

On the first voyage one of the balance pistons was 
broken, and the cylinder burst by water collecting under 
the piston, owing to the failure of the self-acting drain 
valve, the ship, however, proceeded on her voyage to Alex- 
andria and back with two in use; all the rods were there- 
fore not cut at Gibralter as stated. 

The real reason for the balance cylinders (which were not 
jacketted, and the tops of which were about 10 ft. below 
the condensers) being finally abandoned, was the difficulties 
ae See water in them ; hadit been simply a question 
of ~ y pistons the remedy would of course have been very 
simple. 

The balance cylinders were a novelty and an experiment, 
the chief object of fitting them was tc ~elieve the bearings 
of the weights of the pistons, piston rods, &c. Experience 

tata shown that they were an unnecessary compli- 
cation. 

As to the slide valves, there was nothing unusual in their 
construction ; they worked well and kept up to their faces, 
as shown by the wear on the valve and cylinder faces (con- 
siderable at times owing to the high temperature of super- 
heated steam used), as shown also by numerous indicator 
cards ; during one voyage I made in the ship to Alexandria 
and back indicator cards were taken from both ends of all 
the cylinders every watch. I need hardly observe that 
with compound engines, leakage of the small slide valve is 
at once seen on the indicator cards. The rings on the backs 
of the small slide valves were of small size in proportion to 
the size of the valves ; there were no holes inside the rings 
opening to the exhaust, no connexion to the condenser; 
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also, although even at that time it was no novelty, and no 
Ee importance was attached to it, steam was admitted 
hind the packing rings. 

The engines were lubricated internally with oil and 
water ; strict orders were given not to use tallow; the 
engineers were most careful and attentive to their instrac- 
tions. I have therefore doubts as to the accuracy of the 
statement that on one occasion the faces of the valves were 
found to be covered with a full sixteenth of congealed 
tallow, doubts confirmed by the statement that it was 
found on the ship returning home from a voyage to Cal- 
cutta, seeing the Suez C: was not then opened. 

I may also mention that the packing rings of the comme 
pistons were pressed against the cylinders by steam ad- 
mitted behind them from the interior of the pistons, which 
were heated internally with steam ; practical objections 
were however found to this method and it was afterwards 
abandoned. Steam was also admitted behind the packing 
rings of the metallic packed stuffing boxes between the 
hig and low pressure pistons, as at one time fitted. 

n conclusion, I may state that although Mr. Adams was 
at that time in the employment of the late Mr. Humphrys, 
he was not in a position to be acquainted with all the 
particulars, objects, and results of thenumerous experiments, 
trials, and alterations made, nor with the causes, which 
after the engines had been working for some years (the 
balance cylinders having been long previously dispensed 
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with as unnecessary), finally led to their removal from the 
ship. The idea that the engineers of the Peninsular and 
Oriental Company and the late Mr. Humphrys were 
unable to ascertain if two small slide valves were in proper 
working order, does not merit serious consideration, my 
only object in writing is to correct the numerous misstate- 
ments made by Mr. Adams, and to put the facts of the 
case before your readers. 
I remain, Sir, your obedient servant, 
EDWARD R. ALLFREY. 
Deptford Pier, August 27, 1877. 


_ ey 
AUTOMATIC EXPANSION GEAR. 
To THE EDITOR OF ENGINEERING. 

S1r,—Will you kindly accord me space for a few remarks 
upon one portion of the subject dealt with in your very 
useful article of the 24th inst., namely, the necessity for 
the employment of very powerful governors in connexion 
with automatic expansion gears. 

While I perfectly concur in your statement that it is 
quite possible for a very sensitive governor, when fitted to 
an engine working with a high grade of expansion and a 
light flywheel, to be affected by the variations of velocity 
occurring within each revolution, and to exhibit regular 
pulsations marking each stroke of the engine, still from 
observation of cases where such pulsations have occurred, 
I have been led to believe that hey are much more often 
the result of defective design in the valve gear, or in the con- 
nexion between governor and valve. In one case especially, 
where the whole of the conditions appeared to point to the 
irregularity of revolution as the cause of the beating of the 
governor, I had the latter disconnected from the valve gear, 
which was then fixed in its average position, cutting off at 
about one-third, and the engine started, when the governor 
ran with the utmost regularity, all trace of pulsation being 
eliminated, thus showing that the undue motion was so 
much deducted from the valve, the gear of which was of 
defective design. I will endeavour to point out a means 
of avoiding such defects, which, though it may be familiar 
to many of your readers, will still, judging by many valve 
gears which are made, be of use to some others. 

Nearly all automatic expansion gears are combinations 
of two elementary motions at approximately right angles to 
each other, namely, the motion of the valve in the direction 
fixed by its guides, and a cross motion of some of the 
system controlled by the governor. Now if these two 
motions are in directions absolutely at right angles to each 
other, and if the surfaces or edges connecting the two 
systems are also at my angles to one of the directions 
of motion, it is evident that any movement in one system 
can have no effect upon the other. But if we incline one 
of the diz of motion, or the edges or surfaces con- 
necting the two systems, th ion in one may produce 


nwa J en motion 
motion in the other, and stability will depend upon the 

































































quality of lubrication, the resulting coefficient of friction of 
motion, and the angle of which the latter is the tangent. 
To illustrate my meaning, suppose the expansion eccentric 
to be fitted with a straight loose key, free to slide ina 
direction el to the axis of the shaft, and therefore at 
right angles to the motion of the eccentric, its sliding being 
controlled by the governor. Should the latter oscillate, 
and the key slide never so much, no motion will be com- 
municated thereby to the eccentric, and on the other hand 
the reaction of the eccentric upon the key will not in the 
least assist it to slide. But now change the key from a 
straight to a spiral form, and make the keyway to suit, 
and when the key slides under the action of the governor, 
the eccentric will be caused to make a partial revolution, 
and the reaction of tbe eccentric will resist the sliding 
of the key in one direction, and assist it in the other ; 
farther, should the angle of inclination of the key exceed 
certain limits, it will receive a positive sliding motion from 
this reaction, and thus cause the governor to pulsate, if 
you will allow the expression. This would be the result of 
changing the direction of the een. surfaces, the 
directions of motion remaining the same. To take a diffe- 
rent case: imagine a valve rod with a cross slot in it, 
similar to those in the piston rods of many direct-acting 
donkey pumps, the slot to be perpendicular to the direction 
of motion of the valve, and to have sliding in it under the 
control of the governor, a block constrained by guides to 
travel in a direction parallel to the valve as its 
motion derived from the eccentric, and at right angles to it 
in its motion derived from ‘the governor, the valve rod to 
have no motion save that communicated by the block and 
slot. Under these conditions, the ernor may exercise 
itself and the block to any extent, but the valve motion will 
be quite undisturbed, and in return, the valve resistances 
will neither assist nor retard the oscillations of the governor. 
But now leaving all the other conditions as they are, alter 
the motion of the block as derived from the governor, from 
the dicular to some approximation to it, and then if 
the block should move under the influence of the governor, 
the valve rod will be forced backward or forward, and will 























































in turn tend to communicate motion to the block and 
governor, which would, however, only move if the inclina- 
tion of the new direction of motion were too great. 

By the above will be seen that the only true course of _ 
safety lies in retaining the motions and surfaces of the 
valve and governor systems at right angles with each 
other, a result which is * iggued attained in the Rider 
valve described by Mr. Fell. 5 

But where circumstances do not admit of the introduc 
tion of the above principle, pure and simple, it will be 
asked what angle of inclination is safe ? fessor Ran- 
kine gives the ang of repose for greased metallic surfaces 
as ranging from 3 deg. to 44 deg. The angles for motion 
(by Molesworth) would be about .7 of these, say, 2.1 deg. 
to 3.15 deg. ; and supposing the governor gear offers no 
frictional resistance to motion, the block would commence 
to slide between these angles under the action of the valve 
resistance. But as the friction of the governor has also to 
be overcome, the practical limit of safety may be taken as 
high as 5 deg. or 6 deg. Beyond this motion will almost 
certainly be imparted to the governor. 

With such a small permissible inclination, to obtain 
sufficient motion in the valve spindle from the action of the 

vernor, would require an inordinate travel for the block, 

ey, or similar member; and to obviate this difficulty 
higher angles are used, and the stability of the governor 
restored by means of a dashpot, oil-cylinder, or similar 
device, an arrangement by which oa results may be ob- 
tained, and which is not so worthy of ridicule as some 


i believe. 

But my letter is already too lo to allow of a defence of 
the dashpot being appended. Hoping you may co 
these notes of some p use to your ers, 

I am, Sir, yours truly, 
. G. Magor. 

Wiggin-street, Birmingham, August 28, 1877. 

AUSTRALIAN TELEGRAPHY.—Tenders have been invited 
for the construction of a direct line of telegraph between 
Adelaide and Melbourne. 
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FORCES ACTING BETWEEN VALVE find thus: The magnitude of 0’ is 1341 and of 0'! 2115,|day forenoon, when business was done in warrants 
. : : 1341 X2.6 in, _ : t 54s. Od. to'54s. 7}d. h, cl th sell 
SURFACES. and the distance apartis2.6in., and 49 =1.917 in. the lower quotation, a saieten 840, 6d. — 


To Tue Epriror or ENGINEERING. 
Srr,—Fig. 1 is a section of a valve ap ES the cy- 
linder face and at the commencement of the stroke. Fig. 2 
is a half plan of the same, whose di ions are thus: 
exhaust port, 3} in.; inside bars, 1} in. each; admission 


porte, 14 in. each ; outside bars, 2} in. each; lap, 1 in. ; 
, tin. ; exhaust cavity of valve, 6 in. ; le of ports, 
15 in. ; end , lin; initial pressure in s chest, 


150 lb. ; exhaust pressure, 20 Ib. 

Fig. 2. Let G H be the centre line of valve. On Oasa 
centre describe any semicircle P N. It is required to find 
whether P N displaces the test area on the back of the 
valve commensurate with the valve working on the cylinder 


The spaces RS T are neutral because the initial pres- 
sure acts onally on both sides and holds them in the 
atate of the ce. The space K is also neutral because 
it is moving against the exhaust pressure, and it is acted 
on equally on both sides. The unbalanced spaces are 
therefore the negative s s C and D, tending to lift the 
valve from the cylinder face, and because D is greater than 
C relatively to O, D will prevail over C and act for the 

urpose of turning the valve on its edge E F as a fulcrum. 

ut if the spaces C and D were of equal area and equidis- 
tant from O, then the valve would not be turned on its 
edge E F, but would be blown straight away from the cy- 
linder face and the centre of the two forces would lay in 
the point O. But in the case before us D is greater than 
C, and the centre of the two forces must lay in some point 
between D and O. 
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Let the moment of the triangular space C be 
which is found from the dimensions given, 1 
the lower surface of 
top surface, there remains 120 lb. pressin 


of the triangle and draw a line to the opposite angle, one- 
third the distance will be the centre of the triangle. The 
area is next found by multiplying the base by half the 
dicular bales. 

us, 1.6X2 x 120=384—moment of C; similarly for D 
2.95 x 2.75 x 120=-978=—moment of D. Then D and C bein 
8.8 apart, the component centre is found by multiplying 
by the distance DC, and dividing by the sam of the mo- 


ments D and ©. Thus %4%8.8 — 9.95 in. from D=0'. 


For simplicity of calculation the spaces are formed into 
triangles by drawing a straight line pee the radial 
line, leaving the two spaces outside the line equal to 
the one space inside, both the centre of action and the 
area are more readily found than by a segment of a circle. 
Similarly for the positive spaces A and B, which have 
the initial pressure on the top and the exhaust pressure 
below. A is passing over the inner bar, it is therefore 
nora cas the exhaust pressure, and that is the force 
acting between the surfaces. A and B are both rectangular 
8 , and their centres of action are readily found by 
rawing the diagonals; the point of intersection is the 
centre. B is greater than A, and lays in the centre line of 
the valve, but at right angles to the line of motion, its 
centre therefore would lie in the point O were there no 
other positive force but itself; but since there is the space 
A it follows that the centre of A B must lie in some point 
between A and B, to find which multiply the moment A b 
the distance A B, and divide by the sum of moments x 
and B. The distance of A B is 3.6in., and the moment of 


Ais: 

3.81.25 x 120=495, 
and the moment of B is 
int 2.25 x 6 x 120=1620, 








¥F 


mal to 384., 

lb. acts on 
C, and the exhaust 20 lb. acts on the 
C from the 
inder face, but in order to find C we must bisect the base 





495 x 3.6_ 7 =0" 
a 84" from O=0"~. 


2 
Now 0° is the centre of the negative forces and O'? is the 
centre of the positive forces, my the centre of those two 


centres will be the metacentre. ‘‘ Meta’ is a Greek pre 


fix | at the lower quotation, buyers 


=O!" equal the metacentre measured on plan. Let the 
thickness of the valve face be 1 in., draw O'*O**** equal 
to the thickness of valve; join O* O**** wy the point 
O*", draw O*** O***"* at right angles toGH. The point 
O*™™* in the line O'0**** is the metacentre of all the 
forces positive and negative. Take now the forces acting at 
their respective distances apart from EF, and first of 


space A: 
1.6X2x120 x .45=172.8=leverage of C, 


and for space D : 
2.95 x 2.75 x 120 9.4—-9146=leverage of D, 


and 
172.8+-9146=9318=leverage of negative forces relatively 
to the fulcrum E F. 

and for the positive forces : 

8.31.25 x 120 x 1.6=792—leverage of space A and B, 

2.25 x 6 x 120 x 5.25—8525—leverage of B, 
and 
792-++-8525—9317—leverage of positive forces. 

Thus it will be seen that there is a moment of 1 to turn 
the valve on the edge EF, and if that 1 be divided by 120, 
and again by the number of square inches in the valve, it 
will give something like the one-thousandth part of a grain 
per square inch of surface tending to turn the valve on its 
edge, and this will make a nice little sum for your corre- 
spondent ‘‘ C. A. M.’’ to take out. 

But the moment O* multiplied by the distance O' E will 
be equal to the sum of the moments C and D, and the 
moment O*' multiplied by O** E will be equal to the sum 
of the momentsjA and B, and O*** multiplied by O*** E will 
be equal to the sum of O: O"* each into its distance from 
E. F is therefore an instantaneous axis about which the 
forces tend to turn the valve, and the diameter of the dis- 
placement ring P N is 117, in. 

The principle upon whieh these calculations are made is, 
that to hold any two surfaces of metal together, the force 
applied must be equal to or greater than the area of the 
surface in contact multiplied by the pressure against which 
motion takes place, and as spaces D and R move against 
the initial pressure, that is the measure of the force acting 
between the faces, but K is moving against the exhaust 
pressure, and that is the measure of the force acting on 
that space, but as D has the initial pressure below and the 
exhaust above, the exhaust must be subtracted from the 
initial to get the effective force ; not so however with K, 
here the exhaust is equal and opposite on both sides hold- 
ing it neutral. 
or eight years did I labour on this subject, the whole 
of my time being devoted to it only, and you, Sir, were an 
eye-witness to a portion of it, for on one occasion when I 
had displaced too much steam from the back of the valve of 
a locomotive, the steam was let on in front of your office 
window, the valve was driven from the cylinder face, and 
the blow through of steam and water was terrific, and 
had not the regulator been shut quickly the boiler would 
have been emptied. It is from such experiments as this 
that I have gathered a knowledge of the forces acting be- 
tween valve surfaces, and in numbers they are not one as 
Mr. Major thinks, but in eight years—many. And I have 
conscientiously given you, Sir, the best knowledge I pos- 
sess on the subject for the purpose of placing before your 
readers, in the full assurance that it will meet with its 
reward. And if any of your readers feels himself able to 
break through the ru barriers of the ever-varying 
forces acting on the slide valve, and produce a good prac- 
tical valve, then the world should hall and encou him, 
for it is the most difficult subject connected with the ana- 
tomy of the steam ine; but it is not from such corre- 
spondents as “‘C. A. M.,”’ that I look for such a change to be 
— It is to re like Mr. Major or Professor 
Sweet we must look for the desired haven ; or probably it 
may be some studious youth we know nothing about, one 
whose modesty ~~ him in the background, and whose 
shyness prevents him from writing you even one of his 
modest lines, but who, nevertheless, pores over the columns 
of ENGINEERING with all the earnestness of a parson over 
his Bible ; one whose hopes are high and whose thinking 
intellect will penetrate deep into the mystery of the forces 
acting between surfaces; one who by the majestic flights 
of his imagination, guided by his constructive ability, 
and soaring high on the wings of Science will map out 
her unexplored territory, and produce the valve so much 
desired. Then will Science mark him as her own, and he 
will appear a star of the first magnitude. Then will the 
columns of ENGINEERING resound his praise, and the 
pages of the historian echo the sound far along the corridor 
of time. 
My next will be on the head of the ring. 

THomas ADAMs. 

Works of the “‘ Ant and Bee,’’ Manchester. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Business in warrants was 
done last Thursday at 55s. 1}d., and on Friday there was 





were a shade down. In the morning business was 

me at 55s. Od. cash, and the market ‘sellers 55s. 1d. 
55s, 2d. one month, buyers 1d. less. The 
market was’ somewhat steady, sellers 55s. 1id., 
and buyers at 55s. 1d., at which figures the week closed, 
ing a decline of 4d. as com with the closing prices 
of revious Friday. was again the rule 
on M During the forenoon business was done in 
warrants at 55s. to 54s. 1ld. cash, closing with sellers 
i offering 54s. 10}d. No 
afternoon, and busi- 


to took place in the 


was done at 54s. lid. one month 





to words over, after, with, &¢., 
and in CO ae pen it sgsiaee betwen.” Between 
what? Be O* and 0?! the exact spot we propose to 


» sellers, 
54s. 10jd, The market was vay tan yester. 


ness 
buyers 


a quiet market and a total absence of animation, and th 


lower prices prevailed in the afternoon. Some busi- 
ness was done at 54s. 73d. one month fixed, buyers 
54s. 6d., sellers 54s. 6}d. A still lower range of prices 
revai to-day. Business was done in warrants 
uring the forenoon at 54s. 44d. and 54s. 5d. cash, also at 
54s. 44d. to 54s. 6d. one month, closing with buyers at 
54s. 5d. cash and 54s. 6d. one month, sellers asking a shade 
more. The market was a shade firmer in the oon, 
with business done at 54s. 6d. cash, sellers at that price, 
buyers 1d. per ton lower. The price of Coltness No. 1 
was reduced on Monday Is. per ton, but since then there 
has been no further announcement of reductions. The 
amount of business done recently has been very limited, 
and the tone of the market has been decidedly weak ; the 
flatness, however, it is affirmed, may be attributed more 
to the absence of buying than to any desire on the part 
of the holders to realise. It has lately been a matter for 
surprise that with the reduced make of pig iron, the im- 
proved shipments, and the termination of the lock-out on 
the Clyde, greater animation has not been displayed. The 
demand, both home and foreign, shows no improvement. 
Shipping iron is only in moderate request, and special 
brands are a turn.easier in second hands. t week’s 
shipments of pig iron from all Scotch ports amounted to 
8480 tons as ¢ 10,550 tons in the corresponding week 
of last year. The deliveries into store continue large, and 
the total stock with Messrs. Connal and Co. is now 155,941 
tons, thus showing an increase for the week of 1453 tons. 
Three furnaces have lately been relighted at Coltness Iron 
Works, bringing the number at present in blast up to 87, 
as compared with 115 at the same time last year. 


Aberdeen Harbour Works.—At a meeting of the New 
Works and Finance Committees of the Aberdeen Harbour 
Board, held last week, Mr. Cay’s report on further exten- 
sive harbour improv ts was considered. After careful 
deliberation, it was resolved to recommend that the larger 
schemes of improvement be set aside for the present, it 
being thought advisable that some time should elapse before 
further heavy expenditure is entailed. Some jetties on the 
Torry side will, it is understood, be gone into, as also repairs 
on the dock gates, but beyond that the recommendations of 
Mr. Cay will lie in abeyance in the meantime, and there- 
fore it will not be necessary to promote a new Bill in Par- 
liament next session. 

Arbroath Harbour—Trial of the Dock Gates.—On 
Saturday afternoon the gates of the new dock at Arbroath 
were closed and the water kept in the dock for the first 
time. At half ebb the water in the dock had only fallen 
1} in., which is considered to be very satisfactory. The 
gates remained closed over Sunday, but were again opened 
en Monday, so as to enable the deepening along the qua 
walls to be finished. The formal opening of the dock will 
take place some time next month. The experience with 
the new dock, it has since been stated, has been highly 
successful. The water after being kept in for three tides, 
was found to have leaked—for the first tide, 6 in. ; second, 
4} in. ; and third, 2 in. 
New Water Works for Perth.—Following up the Act of 
Parliament obtained last session, the Water Commissioners 
of Perth have already commenced to take the necessary 
action for obtaining an increased water supply for the 
“Fair City.’ They have appointed various committees, 
and at a meeting held last Friday, it was resolved that 
Mr. Bateman, C.E., London, should be the engineer for 
the new scheme, at a percentage of 74, and that although 
he might be at liberty to engage Mr. Young, C.E., Perth, 
to act as his local representative, he alone should be held 
responsible. 
Extensive Quarrying Operations—On Saturday last, at 
the new sneer oe on the estate of Law of Mauldslie, 
near Carluke, longing to Sir W. C. Anstruther, Bart., 
M.P., a gigantic cut of a bed of beautiful rock was made. 
It is said by an old experienced quarryman that this 
cut is the heaviest ever made in this district by wedges. 
The cut measures 39 ft. long, 12 ft. broad, and 11 ft. thick, 
and the weight will be between 300 and 400 tons, This 
marry was opened up in the spring of this year by Mr. 
hur Colville, an extensive inburgh builder, The 
rock is a pure freestone, of a yellow ground, and ving 
small brown spots. The rock is up of 50 ft. in thick- 
ness. There are upwards of 40 stones lying in the quarry 
ready for exportation, in lengths from 9 ft. to 15 ft., and 
weighing from 1 to 6 tons. A railway will shortly be 
brought into the works from the Hallcraigs branch of the 
Caledonian Railway. There are two large and powerful 
steam cranes at work, besides three strong hand ones. 
The stone is used extensively in buildings in Edinburgh. 
To Mr. Main, manager, great praise is due for the 
energy and perseverence he has shown in opening up 
the quarry, as the difficulties and discouragements were 
many: 

New Harbour Works at Granton—On Retgetog net the 
Duke of Buccleuch, accompanied by Mr. Hawkins, the 
general superintendent, made a careful inspection of 
ious works in progress at Granton Harbour, which 





e various 
is the of his grace. He expressel great sa - 
with Rate of the works in hand, and with those that are 
still to be carried out. 


Frexcu Street Rartwars.—It is computed that last 
ey hae te 274 miles of street railway in France. Thus 
ar the ordinary railwa, gauge of the country (4 ft. 8} in.) 
has been employed, but there is no restriction. The autho- 
rities may prescribe the form, welghs, and mode of fasten- 
4 the weight of th A i @ Ib to 40 Ib. 
ns t © rai is 5 5 

the width of the cars is limited to 7 ft. 1 in. 
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THE INSTITUTE OF NAVAL 
ARCHITECTS. 

Many of our readers will remember that at the last 
annual meeting of the Institute of Naval Architects it 
was decided to try the experiment of an autumn meet- 
ing to be held out of London, Formerly the Institute 
has met once a year only, in the spring, and always 
in London. A very cordial invitation to Glasgow, 
sent by the Institution of Engineers and Ship- 
builders in Scotland, was accepted, and under these 
circumstances the first autumn meeting of the In- 
stitute has been held this week in that city. 

The proceedings commenced on Tuesday mornin 
by a formal reception of the visitors by the Lor 
Provost, in the name of the Corporation of Glasgow, 
in the Corporation Galleries. Lord Hampton replied 
briefly recounting the circumstances which had led 
to the holding of the meeting, and the formal busi- 
ness then began, with commendable punctuality, 
under his presidency.* The list of new members 
read out by Mr. Woolley was a very long one, and 
saida great deal as to the growing popularity of the 
Institute. It may be mentioned, too, that the large 
hall in which the meeting was held was well filled 
during the whole morning, and that the discussions 
were very spirited and interesting, 

The first paper read was by Mr. William Denny, 
of Dumbarton, on “ Lloyd’s Numerals,” and was 
followed by a paper by Mr. John on “ Transverse 
and other Strains of Ships,” the discussion on these 
two papers being taken together. We print them 
both in extenso elsewhere, and need not, therefore, 
epitomise them here. The former was an im - 
ment of Lloyd’s constants (especially for lang 


* Lord Hampton took occasion to mention that three well- 
known members of the Institute, Mr. Froude, Admiral Sir 
James Hope, and Dr. Woolley, were unfortunately pre- 
1 from atte the G@ ing by the meet- 
ings of the Inflexible committee, on which they were serving, 
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tudinal poatitling®), and of the basis on which the 
rest; it pointed out certain disctepancies whi 

occurred in their application when com with 
what was best for the ship asa gitder, and appealed 
for their revision on a new (displacement) basis. 
Mr. J wg WS was chiefly devoted to showing 
how very different from a girder a ship really is as 
to its stress-conditions, and to analysing some of 
the chief causes of non-longitudinal strain, of some 
of which the author is now investigating quantita- 
tively. The discussion was opened b Mr. Scott 
Russell. He so thoroughly agreed with Mr. John 
that he thought there were two words which should 
be altogether tabooed in considering the strains to 
which a vessel is subjected, viz., breadth and depth. 
A ship is not a girder, under vertical forces only, its 
own motion and, the motion of the water in which it 
floats, to say nothing of the concussions in all 
directions to which it is subjected, combine to make 
it impossible to say which dimension at any instant 
will ” the breadth and which the depth. In fact 
the ship, if a girder at all, should be a go equally 
strong all round. The value of Lloyd’s Rules was 





to do right. He would have every shipbuilder 
allowed to make a ship his own way, under in- 
spection, and did not think a class should be refused, 
even to exceptional ships, unless in extreme cases. 
Mr. Martell expressed himself very agreeably 
disappointed that after all Mr. Denny had been 
able to bring forward so few and so comparatively 
unimportant discrepancies in Lloyd’s Rules, the 
difficulty of framing which he fully admitted. But 
even the cases cited by Mr. Denny were, he con- 
sidered, so chosen as to bear very unfairly on the 
rules. The vessel C, for instance, would in all 
ordinary cases be a three-decked ship (Mr. Denny 
said ‘‘It was not a three-decked ship F and as 
such would be entitled to a deduction of 7 ft. from 
the frames, which would bring the scantlings down 
to those of Aand B. The scantlings given as those 
for C were not such as would ever be really used 
in practice for a vessel of her dimensions, As to 
the differences between A and B, Mr, Denny had 
chosen two vessels which differed but little in 
breadth, but one of which fell in one and the other 
in the next grade. But Lloyd's Rules allow a 
variation of 6 ft. in breadth without alteration of 
plating, and for convenience sake there must be 
some fixed limits to the grades. Just at the limit a 
difference of an inch would of course take a ship out 
of one grade and put it in the next, and this would 
be the case under any system of limited grades. 
But the present subdivision, he thought, was really 
elastic enough to meet all cases actually occurrin 
in practice. As to the case of the three-decked pe 
spar-decked vessels, he thought it really absurd to 
take the same displacement in comparing them, 
as Mr. Denny had done. As a matter of fact no 
shipbuilder would ever have to do with such a case. 
The three-decked ship would not pay at a load so 
light as that given, while the spar-decked vessel 
would be overloaded at such a displacement. 
Lloyd’s had certainly not laid down a hard 
and fast rule, and they would be very sorry to do 
so—they did not think it was needed. Mr. Denny 
had found out that the rules put a penalty on in- 
creased depth and on increased breadth. In just 
the same sense he should have added that it im 
a penalty on increased /ength too. But this all 
simply meant that with increase of ‘size they de- 
manded increased scantlings, which he thought was 
just what they ought todo. Mr. Martell concluded 
y expressing the sincere desire of Lloyd's to do all 
they can to assist shipbuilders, although he could 
not admit that they would be doing so by moving 


in the direction pointed out by Mr. Denny. 
Mr, E. J. Reed thought that perhaps the Institute 
had leant, in towards the 


ve years, too muc 
girder theory of the strength of vessels, on which 
all Mr. Denny’s strictures were based. He thought 
it was time that the matter was looked at from 
another point of view, and had been, therefore, ex- 
tremely pleased that Mr. John had taken the matter 
up in the original and exhaustive fashion indicated 
in his paper. Mr. White also rar agreed with 
Mr, John as to the absolute insufficiency of the 
girder theory as a basis on which to estimate the 
strength of vessels. . 
There are many parts of a vessel which, although 
they are not for the sake of strength, yet in- 
fluence enormously the actual intensity of the 
stresses. At the same time there is scarcely an 








~ which is not subjected at every instant to dif- 
erent stresses simultaneously, stresses arising per- 





in compelling shipowners rather than shipbuilders | tota 
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haps from very different sets of causés. In con- 
sidering the question it is or should be impossible 
to ignore this, ot to ae out any one set of strésses 
and treat it separately as if it weré everything. But 
this is virtually what is done when a ship is spoken 
of as a beam, and when it is proposed to proportion 
her scantlings on any such basis, 

Mr. Denny, in replying, expressed his satisfaction 
that Mr. John was up the subject so 
remeries p> 4 although he did not think he had 
touched his three sections A, B, and C. He objected 
to Mr. Martell’s criticism as inapplicable, and said 
that C was not a three-decked ship; it had only a 
lower tier of beams. Mr. John, after expressing 
his readiness to lay all the results of the calcula- 
tions on which he is at present engaged before the 
Institute of Naval Architects, concluded by ex- 
pressing his entire disbelief in the displacement 
numerals advocated by Mr. Denny. They were not 
sound, nor could they be made sound, in principle, 
while in practice he thought that shipowners neither 
cared nor knew much about the displacement of their 
vessels. They stipulated for g capacity—a 

ily different affair. The displacement constants 
would therefore be no more convenient in practice 
than they could be justifiable in theory. 

The next penne read was on ‘‘ Launchin i 
Ships,” by Mr. Samuda, It was a detailed s 
scription, illustrated by diagrams, of the whole 
arrangements used in constructing the ships and 
carrying out the launch of the Kaiser and Deutsch- 
land, which we publish in full elsewhere. The 
paper was one of great practical value, as an 
accurate account of most carefully planned arrange- 
ments successfully used for many years by a firm of 
very high standing. Its nature was not such as to 
call for much discussion, Mr, Scott Russell and 
Mr. E. J. Reed expressed their general concurrence 
with Mr. Samuda’s views, and especially with his 
opinion that money and care could not be thrown 
away in taking every possible precaution to avoid 
failures in ere. Mr. Macrow said that the 
arrangements used for the Warrior, Minotaur, &c., 
at the Thames Iron Works, had been substantially 
the same as those described by Mr, Samuda, but 
that they had used three rows of piling, instead of 
two, down the centre of the vessel, while the 
had got to the gravel at 24 ft. instead of 35 ft. 
The pressure per square foot on the ways had 
been 2.88 tons in the case of the Warrior, and 
2.42 in that of the Minotaur. He rather doubted. 
however, the value of the internal shores employed 
by Mr. Samuda. 

The last paper of the morning was by Mr. Robert 
Mansel ‘‘On Abnormal Influences in the direct 
Motion of Steam Vessels,” It was practically a con- 
tinuation of papers already published by Mr. a 
the substance of which has appeared in ENGINEERING. 
The author’s method is to plot as straight lines, by 
the help of logarithmic scales, certain portions of 
what are usually drawn as curves, He then notes 
the deviation of plotted points from these straight 
lines, and his Paper was a discussion upon the 
causes of some of these deviations. It hardly ap- 

rs that there is any special advantage to be gained 
rom Mr, Mansel’s method. In the first place, his 
line is (approximately) straight only within certain 
limits of speed. Beyond these he gets a curve, even 
with the logarithmic scales, Then the use of these 
scales reduces apparent discrepancies very much, in 
other words, makes them comparatively difficult to 
detect. Lastly, we confess it appears to us much 
easier in practice to draw curves in the usual way, 
and to detect variations from them, than to manipu- 
late the figures in the way proposed. Mr. Denny, 
in opening the discussion, seemed to be of the same 
opinion, for he said he preferred, in representing his 
own experiments on paper, to stick to the curves. 
In reference to the systems of progressive trials 
with which his name has been connected, he urged 
that to reduce the power it was much better, and 
tended to give more uniform results, to reduce the 
pawure than to throttle the engines, Mr. Raven- 
ill thought that only Government experiment 
would ever clear up these questions of propuision, 
rivate means were quite inadequate to that Seas 
Mr. White asked the author A gare his formule 
were obtained by plotting simply or by investigation, 
and whether also he had applied tis method to 
vessels beyond their ‘‘ economical limit” of speed. 
He suggested their application, for instance, to the 
Miranda. He thought that forcing speed was a 
much more serious source of loss than most of those 
mentioned by Mr, Mansel, and quite enough of 
itself to account for large want of uniformity at 
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higher speeds. Mr. J, McFarlane Gray pointed out 
that the formule given in the paper really only ex- 
pressed certain ay pg of numbers, and hi 
nothing essentially to do with propulsion, and with 
this Mr. Scott Russell a, , while giving the 
author of the paper credit for the amount of work 
which he had Sastowed upon it, Mr. Mansel, in 
replying, seemed to admit Mr. McFarlane Gray’s 
criticism, In answer to Mr. White, he said he had 
not applied his construction to very high rates of 


PThis closed the business for the day so far as the 
reading of papers was concerned, Glasgow hos- 
pitality provided lunch for all and sundry, and the 
greater part of the visitors then went down the river 
to see Messrs. Elder’s works, and to see also the 
Nelson and the Northampton, both of which. vessels 
are lying at Govan, About these we shall have 
something to say later on. 

On Wednesday five papers were read and dis- 
cussed, but time allows us only to mention these, 
reserving our notes of the discussions until next 
week, ey were ‘Twenty Minutes with our 
Commercial Marine in 1877,” by Mr. J. R. Raven- 
hill; ‘On the Effects of Punching on Iron and 
Steel Plates,” by Mr. A. C. Kirk; ‘“‘On Marine 
Boilers,” by Mr, C. H. Haswell; ‘On the Strength 
of Boilers,” by Mr. J. Milton ; and “ On the Boilers 
and Engines of our Future Fleet,” by Mr. J. Scott 
Russell, In the afternoon the members of the 
Institute visited Messrs. Denny's works at Dum- 
barton, and in the evening they were entertained 
to dinner in the Corporation Galleries by the 
President and Council of the Institution of Engineers 
and Shipbuilders in Scotland. 








TELEPHONIC TELEGRAPHY. 

Tue telephone and telephonic telegraphy may 
at last be said to be fairly before the British public. 
In a paper read last week before the British As- 
sociation at Plymouth, Mr. W. H. Preece traced 
its conception and progress up to its latest modi- 
fications, concluding a most interesting discourse 
by practical illustrations of the power of this— 
perhaps the greatest attainment of electrical 
science. On a wire some quarter of a mile long, 
Sir William Thomson and Professor Haughton 
held easy discourse, sufficient to test to its fullest 
extent its practical use. It was the intention of 
Mr. Preece to have spoken with Exeter on the oc- 
casion in question, but to effect this it was necessary 
to make use of a wire running parallel with many 
others enclosed in the same pipe, the majority of 
which were at the time in work. It will be readily 
understood that herein lay some difficulty ; for if 
the construction of the instrument is such—as it 
necessarily is—as to be affected by the faintest 
possible current produced by the slightest disturb- 
ance of its surrounding atmosphere, it would na- 
turally be disturbed by the induced currents ob- 
tained from the surrounding wires. Such was the 
case, and this will no doubt prove one of the ob- 
stacles which electricians will have to fight against 
ere the telephone becomes of that widespread use 
which it may yet be the lot of our readers to 
witness, 

We are, however, happy to learn that the ob- 
stacle was overcome in time for the Saturday 
evening lecture, and that communication with the 
Plymouth and Exeter post-offices was carried on 


with perfect success; the operator at the latter 
office being able to distinguish the voices of those 
whom he knew, and the applause which greeted 


the announcement of what was said. 

The instrument employed by Mr. Preece was 
Bell’s articulating telephone, the — of which 
was explained by us some time back (see p. 518, 
vol. xxii.), Since that date, however, Professor 
Bell has so far modified it as to produce a wonder- 
fully compact, portable, and simple instrument. The 
annexed di —which although not drawn to 
scale, may be regarded as half-size of the actual 
instrument—shows its internal arrangement, In 
this section d is the wooden case of the instru- 
ment, fulfilling, not merely the part of a protec. 
tion to the internal arrangement, but also acting 
as a resonator to augment the sound; a is a 
thin iron disc, fixed to the case in front of a 
soft iron core 4, attached to the pole of a per- 
manent bar magnet N.S. Around the soft iron 
core is wound a small coil of No, 38 B. W. G. silk 
covered copper wire. One end of this wire is con- 
nected to the line wire, and the other to the earth. 
A similar instrument at the other end completes 


the arrangement. In use each instrument becomes 
alternately transmitter and receiver. Or they may, 


had | perhaps, be more popularly likened to a speaking 


tube—the wire taking the place of the tube, and 
the instrument at either end that of the mouth- 
piece. Thus, in order to converse, the instrument 
at the end from which the communication is made 
is raised to the mouth and spoken at, or into; whilst 
that at the other end is raised to the ear of the 

on receiving the communication. When A has 
Fad his say to B, he raises his instrument to his ear 
and obtains B’s reply, and thus the conversation is 
carried on. Two instruments at either end can, how- 
ever, be employed; one age used for speaking, 
and the other for receiving. this case the ope- 
rator is in a position to carry on the conversation 
without altering the position of either instrument ; 
and is, in fact, in precisely the same position as if 
the conversation were being carried on within the 
room, and without the aid of telegraphy. 
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As has been explained in our former articles, the 
— of the apparatus depends upon the motion 
of the diaphragm a. The core 4 becomes magne- 
tised by the influence of the bar magnet N.S., in- 
ducing all around it a magnetic field, and attracting 
the iron diaphragm towards it. Any alteration in 
this, normal, condition of the diaphragm produces a 
corresponding alteration in the magnetic field sur- 
rounding the core 4, by strengthening or weakening 
it; and any such alteration of the magnetic field 
means the induction of a current of electricity in 
the coil ce. Moreover, the strength of this induced 
current of electricity depends upon the amplitude of 
the vibration, and its force or the rate of vibration. 
The number of currents sent, of course, depends 
upon the number of vibrations of the diaphragm, and 
these depend upon the disturbance of the air caused 
by the act of speaking or any other cause which 
may produce such disturbance. Thus, then, each 
wave of air imparts to the diaphragm a certain pul- 
sation or movement according to its depth or volume, 
and each such movement produces a change in the 
magnetic field, which in its turn produces a current 
of electricity in the coil surrounding the iron core, 
and which current traverses the line wire and the 
coil of wire around the iron core at the other end 
of the line. Here it modifies the magnetisation of 
the core, increasing or diminishing its attraction of 
its diaphragm. Hence every vibration of the dia- 
phragm at A, is repeated on the diaphragm at B with 
a strength and form identical in every degree; so 
that whatever sound produces the vibration of one 
is transmitted to and reproduced by that of the 
other. 

Mr. Preece, who, with Mr, H. C, Fischer, was 
recently selected by the Post Office to proceed to 
America to personally examine and report upon the 
advance which telegraphy has made in the United 
States of America, thus gives his experience of the 
employment of the telephone: ‘‘ I have spoken with 
a _— at various distances up to thirty-two 
miles, and through about a quarter of a mile have 
heard Professor Bell breathe, laugh, sneeze, cough, 
and in fact make any sound the human voice can 
produce.” We also-learn from Mr. Preece that it is 
in practical use in Boston, Providence, and New 
York, there being several private lines which use 
it in Boston, several more being under construc- 
tion. 

Thus far, then, Professor Bell’s telephone has 
become an established fact ; but it is a fact within a 
limit. It is evident that beautiful, simple, and 

rfect as its conception and construction, there is a 
imit to its range. The currents operating it are 
very weak, and so sensitive is it that when attached 
to a wire which passes in the neighbourhood of 
other wires, the currents ing upon those wires 
induce currents in it which produce sounds like the 
pattering of hail upon glass, sufficient at times to 
overpower the effect produced by the voice on the 
instrument at the other end. Recognising all this, 
Mr, T. A, Edison, of New York, has sought, and 








we are given to understand successfully so, to re- 





medy it by introducing a transmitter operated by 
battery currents. The difficulty which has attended 
the employment of battery power hitherto has been 
the want of a means of modulating it so as to pro- 
duce currents varying in power to meet the modu- 
lation of sound. In pursuing his investigations 
with this view he has discovered that the resistance 
which plumbago offers to the passage of the elec- 
tric current varies, in some ratio, inversely with the 
pressure brought to bear upon it. Placing a small 
cylinder of plumbago beneath whatever may be 
caused to vibrate in unison with sound, and 
employing this as a means for conducting the 
electric current, he finds that the resistance of 
the cylinder varies sufficiently with the pressure of 
the vibration of the diaphragm to cause the currents 
transmitted by it to vary in form and strength to 
reproduce all the varieties of the human voice. His 
receiver is also novel and peculiar, In 1874 he dis- 
covered that the friction between a platinum point 
and moist chemically _—— paper varied every 
time acurrent was passed between the two, so that 
the rate with which the paper moved was altered at 
will, Attaching to a resonator a spring, the pla- 
tinum face of which rests on the chemically pre- 
pared paper, whenever the drum, upon which the 
paper is wound, rotates, and currents are sent 
ae * the paper, the friction between the paper 
and the spring is so modified that vibrations are 
produced in the resonator corresponding exactly 
= those imparted to the transmitter at the other 
end. 

Edison’s telephone, as thus constructed, though 
not in practical use in America, is under trial. In 
experiments made with it songs and words were 
distinctly heard through 12,000 ohms—equal to a 
distance of 1000 miles of wire. The dreams of the 
most ardent enthusiast of this most striking and 
wonderful application of the science of telegraphy 
are thus on a fair road to realisation, and too much 

raise cannot be accorded to those earnest and inde- 
atigable workers who have brought to bear upon it 
so much energy, care, and skilful thought. 





ENGINE TESTING. 

Mr, L. E. Fietcuer, the Chief Engineer of the 
Manchester Steam Users’ Association, has lately 
made an interesting report on a series of engine and 
boiler trials carried out by him at the paper mill of 
Messrs. Robert Craig and Sons, Dalkeith, last Fe- 
bruary. The object of those trials was twofold, 
namely, to ascertain the comparative efficiency of 
one of Mr. Sinclair’s water-tube boilers at Messrs. 
Craig’s mill, and also to test the steam consumption 
of a new engine supplied by Messrs. Bertram, of the 
Leith Walk Foundry, Edinburgh. Some experiments 
were also made with a Lancashire boiler, but on 
account of the great difference between the heat- 
ing surface of this boiler and Mr. Sinclair's, a fair 
comparison between the two cannot be instituted. 
What made the trials particularly interesting was 
that the performance of the engine was tested not 
only by measuring the amount of feed-water sup- 
plied to the boilers, but also by ascertaining the 
quantity and rise of temperature of the water dis- 
charged from the condenser, the measuring of the 
condensing water, however, being effected by means 
of measuring tanks, and not by the more simple 
—and certainly equally accurate—method adopted 
by Mr. Farey and Mr, B. Donkin, Jun., and so fre- 
quently referred toin our pages, Itis of the results 
of these two methods of testing that we more 
especially desire to deal in the present article, but 
before proceeding to speak of them we may give the 
principal dimensions of the engine and boiler on 
which the experiments were made. 

The Sinclair boiler, as most of our readers are 
aware, consists of a number of slightly inclined 
water tubes placed in rows one above the other, 
and connected at their ends to stayed water spaces, 
these spaces in their turn communicating with a 
couple of cylindrical chambers situated above the 
level of the water tubes, one of these chambers being 
half full of water and the other containing steam 
only. The boiler at Messrs. Craig’s contains 115 
water tubes 1] ft. 9 in. long, six of these tubes being 
5 in., and the remainder 4in, in diameter, The 
total heating surface exposed is 1507 square feet, 
while the firegrate is 6 ft. long and 6 ft. 7 in. wide, 
the area being thus 39.5 square feet, and there being 
thus 38.1 square feet of heating surface to one of 

te surface. The Lancashire boiler, on the other 
hand, is 25 ft. 3 in. long and 7 ft. in diameter, while 





the diameter of the furnace tubes is 2 ft, 9 in. The 
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SUMMARY OF THE RESULTS OF THE BOILER TRIALS. 














































































































EXPERIMENT. | Borner. COAL, Freep WATER. 7 
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| * > 
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Hours Ib. | Degrees. Scotch. Ib.| Ib. | Ib. Ib. feet. Tb. feet. Tb. feet. Ib. Ib. |sq. ft. Ib. 
1| Wednesday, Feb. 7 6 | 55 to " Sinclair's 400 Marquis of Lothian 8136 |522.67 | 13.23 |0.8468 | 90.59} 223 456 | 28500 76 4750 | 1.924 |120.25| 3.152 |19,.827 9.087 
| } Welsh. | 
cbiiestiet, Feb. 8 7 ia to 60} Sinclair's 400 | Lord sz ...| 2954) 422 | 10.68 |0,28 83.65| 183.84 [505,33 |31583.12| 72.19) 4511.87| 1.827 |114,22| 2.994 20.87| 10,69 
| ote 
rans, Feb. 9 7 | 35 to40/ Lancashire |800 and 3 Ee. ane of a 5936) 848 | 23,17|1.214 | 80.60 not used| 551,33 |84458.12 | 78.76 | 4922.58 | 2.151/184.49| 7.047| 8.868) 5.8 
| cotch. 
beeen Feb. 10 7 a to 35} Sinclair’s 450 head. of 4599| 656 16.6 |0.485 | 88.8 |notused/531,33 |83208.12) 75.90) 4744 | 1.921/120.10] 3,148 |19.85 7.23 
cotch. 
paany Feb. 12 44 | 30 to 35| Lancashire |800 and upwards) Marquis of Lothian |3752|833.7 | 22.77/1,193 | 85.22 not used) $52 | 22,000 | 78,2 4889 | 2.187 |133.57] 7.00 | 8,93 5.86 
SUMMARY OF THE RESULTS OF THE TRIALS OF MESSRS. BERTRAM’S ENGINE. 
EXPERIMENT. ENGINE. MEAN PRESSURES OF STEAM, EcONOMIO RESULTS, 
Tempera- 
‘ae Units of Heat Coal Indi- 
Disa b ann Indicated | Hormel aad | Water per | Power Gal” 
an ower 
index Date Length. | Number ot] Steam lpoom at Time| itil in |Terminal tn] Mean in | PMfrons®"| “'Hioree [steam Jacket| ™dleated | calated on 
eects ? j wolations'| Jacket, , jp Cylinder. ylinder. ylinder. | Gondenser.| Power. r Basis of 9 Ib. of 
er Indicated Power, water to 1 Ib. 
Horse Power. of Coal. 
Aboveatmos.| Absolute. | Absolute. Absolute. 
hours, |Per minute. Ib. Ib. Ib. Ib. deg. Per minute. |Ibs. perhour} Per hour. 
1 Wednesday, February 7 6 53.6 Steam on 53.3 58.97 11.84 23.5 96.43 188.8 864,17 5.15 2.794 
2 Thursday, February 8 7 52.8 Steam on 52.3 58 02 13.0 24.72 102.58 195,7 377.6 23,05 2.561 
3 Friday, February 9 7 52.5 Steam off 34.7 41.88 14.0 22,28 104.67 175.3 488.5 28.08 3.12 
4 Saturday, February 10 7 52.5 Steam off 31.8 39.78 12.52 20.82 106.8 163.9 480.63 28,94 3.215 
5 Monday, February 12 43 49.8 Steam on 31.0 41.48 14,14 23.64 90,9 176.5 438.22 27.69 £076 












































heating surface is 698.5 square feet, while the grates 
are 6 ft. 8 long, giving an area of 36.6 square feet, the 
ratio of grate to heating surface being thus 1 to 19. 
We may mention that in the first and second trials 
of the Sinclair boiler the feed-water was pumped 
through an economiser, but it was found impossible 
to prevent this economiser from receiving heat from 
the waste gases of other boilers, and thus doing a 
disproportionate amount of work, and hence its use 
was discontinued in the subsequent experiments. 
Mr. Fletcher expressly states in his report that the 
employment of the economiser was a mistake, 

The engine tested was a condensing engine hay- 
ing a single cylinder steam jacketted both over 
the barrel and ends, The cylinder is 30 in. in dia- 
meter and the stroke of piston 3 ft. 6in., while the 
steam ports have an area equal to ,th that of the 
piston, and the clearance spaces have a capacity 
of y;th of the volume swept through per stroke. 
The engine is controlled by a Porter governor acting 
on a Dack’s cut-off gear capable of varying the cut- 
off from zero to three-fourths of the stroke. The 
general results of the trials are given in the annexed 
Tables, which we condense from Mr. Fletcher's re- 
port. It will be seen from the upper Table that the 
Lancashire boiler was very hardly worked, and 
hence its low rate of evaporation per pound of coal 
was not to be wondered at, It is, however, with the 
results of the engine trials that we now have espe- 
cially to deal, 

As many of our readers are aware, our contem- 
porary, The Engineer, has for a long time expressed 
a persistent antipathy to the system of ascertain- 
ing the performance of an engine by measuring 
the units of heat discharged with the condensing 
water, a system which has been so well worked 
out by Messrs. B. Donkin and Co. That this 
antipathy has arisen chiefly from an inability to 
understand this mode of testing is shown by the 
Singular comments which our contemporary from 
time to time makes on trials conducted on this system, 
aud it is only about nine months ago (vide pages 525 
and 547 of our twenty-second volume) that we had to 
deal at considerable length with some of these 
comments, and point out the blunders they con- 
tained. Our remarks on these blunders have never 
been controverted ; but our contemporary we find 
1s still unable to understand Messrs. Farey and 
Donkin’s system of testing, and in an article in its 

ast number it makes some curious remarks upon 
Mr. Fletcher's experiments, to which we design to 
draw attention. It says: 
‘In a great many experiments which have been 


“made on the Farey-Donkin system no measurement 





‘has been taken of the feed-water used; that has 
‘ been estimated from the heat communicated to the 
‘¢ injection water, and with thé result that experiments 
‘* so conducted almost invariably show an economy 
‘* which has no existence. The figures supplied by 
‘* Mr, Fletcher are especially valuable, because they 
‘“ throw light on this point. If we turn to Table 
‘* No. IV., it will be seen that the feed-water abso- 
‘¢ lutely pumped into the boiler, and ag sey. 
‘¢ sent per hour through the engine in the form of 
‘* steam, amounted in Experiment 5 to 27.69 lb. per 
‘ indicated horse power, the initial absolute pressure 
‘* in the cylinder being 41.48 lb. A pound of steam 
“ of this pressure contains 1163 units of heat from 
‘32 deg. The number of units passed per hour 
‘‘ through the engine in Experiment 5 was 27.69 x 
** 1163=32,203, omitting a fraction ; and per minute 
‘¢ 536, again omitting a small fraction. But the 
‘* total number of units accounted for in the con- 
‘¢ densing water and by the work done only come, 
‘* according to Mr. Fletcher, to 480.7, leaving 55.3 
‘units unaccounted for. These represent over 1} 
‘* horse power. If they could be utilised, the power 
‘¢ obtained from this engine with a given consump- 
** tion of coal would be more than doubled. That 
‘this disparity between the weight of steam 
** actually sent through the engine, and the number 
‘* of heat units accounted for, is not confined to a 
‘ single experiment, it is very easy to show. If we 
“ take Experiment No, 2, we find the consumption 
‘¢ of steam per horse per hour was 23 lb., represent- 
‘ing 26,749 units per hour, or 445.8 per minute, 
‘* But the units accounted for in the tanks and by 
** work done come only to 419.7, leaving 26.1 units, 
‘* or over half a horse power, unaccounted for, It 
‘* will thus be seen that, assuming all Mr. Fletcher's 
‘‘ figures to be accurate, a considerable amount of 
‘‘ heat may be wasted in an engine of which no note 
‘« is taken by the system he adopted in experiment- 
‘‘ ing with Messrs. Craig’s machinery.” 

The writer in our contemporary further remarks 
that ‘‘ the legitimate deduction from the preceding 
‘* facts is that coefficients, such as those given by 
‘* Messrs. Bryan Donkin and Co. in Table VL, 
‘““ may be extremely misleading ;” while he ad 
that ‘‘ the fact remains, that unless the feed-water 
‘‘is weighed at the same time that the Farey- 
‘‘ Donkin system of testing is a nothing 
‘* like precise results can be obtained.” Let us now 
see how far Mr. Fletcher’s experiments justify such 
comments, 

In the first place it will be noticed from the above 
quotation that the writer in our contemporary 
calculates ‘‘the number of units passed per hour 





‘‘ through the engine” by multiplying the weight of 
steam used per horse power per hour by the number 
of units of heat in a pound of steam measured from 
82 deg. Fahr. What we suppose he desired to 
calculate was the number of units passed through 

er horse power per hour, but why to calculate thi 
fs should employ the number of units of heat in a 
pound of steam measured from 32 deg., as a datum, 
is a mystery which he alone can solve, Of course 
the temperature of 32 deg. has nothing in the world 
to do with the matter. In Experiment 5, to which 
our contemporary’s calculations ney refer, the 
engine received steam at a pressure of 31lb. per 
square inch above the atmosphere (we take of course 
the pressure at which the steam was supplied to the 
engine, and not the initial pressure in the cylinder as 
our contemporary has done), and this steam was, we 
find from Mr. Fletcher's report, discharged from the 
condenser as water at a temperature of 90.9 deg. 
Now the total heat of steam at 31 1b. pressure is 
1190.8 deg. measured from zero of Fahrenheit, and 
each pound of such steam on its way through the 
engine thus parted with 1190.8—90.9=1099.9, or 
say 1100 units, and not 1163 units as calculated by 
our contemporary. To show how erroneous is the 
view taken by our contemporary, let us calculate 
from Mr. Fletcher’s observations of the heat dis- 
charged from the condenser the quantity of steam 
used per horse power per hour, and let us compare 
the amount thus calculated with that obtained b 
Mr. Fletcher by direct measurement, Now wit! 
regard to the experiment which is specially referred 
to by The Engineer, we find Mr, Fletcher stating in 
his report that the condensing water had an initial 
temperature of 41.5 deg., and that the discharge 
from the condenser took place at a mean tempera- 
ture of 90.9 deg., the rise of temperature of the con- 
densing water being thus 49.4 deg. Moreover, the 
amount discharged is given as 93,055.5 lb, per hour, 
and as the horse power developed during this trial 
was 176.5 horse power the discharge amounted to 
527.2 lb. per horse power per hour. Now this 
amount was made up partly of steam condensed and 
partly of the water used in condensing it, and as 
each pound of steam in being condensed into water 
at 90.9 deg. gave up 1099.9, or, say, 1100 units of 
heat, while the condensing water was only raised 49.4 
527.2 49.4 _ 26,043.68 __ 

= 22.66 lb. 

1099.9+49.4 1149.3 
as the quantity of steam at the boiler pressure 
which would supply the heat expended in raising 
the temperature of the condensing water, Again, 
we find from Mr. Fletcher’s record that during this 
trial 156 lb, of water per hour were discharged from 


deg., we have 
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the steam jacket, 
176.5 


horse power per hour being thus accounted for. 
Lastly, we have the heat converted into work amount- 


pea = 2565 units per horse power 
per hour, and as in this case each pound of steam 
yields up 1100 units in passing through the engine, 
we have a steam consumption from this cause of 


pi = 2.33 lb, per horse power per hour. Adding 
together the several items of steam consumption 
above calculated we get a total of 22.66+0.88+ 
2.33 = 25.87 lb. per horse power per hour, ‘The 
consumption ascertained by direct measurement of 
the feed is given by Mr. Fletcher as 27.691b. per 
horse power per hour, or 6.6 per cent. greater, a 
portion of this difference, of course, being accounted 
for by the losses due to radiation. 

Instead of proceeding as above, the steam con- 
sumption may be more readily calculated from the 
heat units discharged per horse power per hour 
from the condenser, simply by dividing this quantity 
by the units given up per pound of steam used, the 
admixture of the condensed steam with the con- 
densing water being ignored, and no distinction 
being made as regards the water drawn from the 
jacket, This method involves a small error—too 
small to be ‘vf practical importance— but this 
error is the right way, that is, it may be re- 
garded as taking the form of a small allowance 
for losses by radiation. In the case of Experi- 
ment 6 the calculation thus made would be as 
follows: Mr. Fletcher gives for this experiment the 
units discharged from the condenser and steam 
jacket per horse power per minute as 438.22, and 
adding to this 42.7 units for the heat transformed 
into work, we have 480.92 units accounted for per 
horse power per minute, or 480.92 60=28,855 
units per horse power per hour, But each pound 
of steam furnished, as we have seen, 1100 units, 
and calculated in this way we thus have te = 
26.23 Ib, as the consumption of steam per hour. 
The quantity of steam used as ascertained by Mr. 
Fletcher by measurement of the feed was, as we 
have already stated, 27.69 1b. per horse power, or 
54 per cent, greater. Comparing this result with 
that obtained from the previous calculation we see 
that the simpler method makes in this case an 
allowance of about 1} per cent, for losses by radia- 
tion, These losses would, however, amount to more 
than this. 

Treating the whole of Mr. Fletcher's experiments 
in the manner last explained, we get the follow- 
ing comparison between the consumption of steam 
as measured and those calculated from the heat 
discharged from the condenser : 


= 0.88 lb. of steam per 


ing to 








Difference between 





* Consunation of Steam per 
Horse Power per Hour in Quantities in two 
Pounds. P ing Columns. 
8 * 
5 As deduced |As gine 
2+ from Measure-| from Heat re- 
=| : ment of Feed | jected from Pounds. | Per Cent. 
Z Water. Condenser. | 
1 5.15 | 22.1 —3.05 | —12.12 
2 23.05 22.9 —0.15 | — 0.65 
8 28.08 29.29 + 1.21 + 43 
4 28.94 29.3 + 0.36 . 1.24 
5 27.69 | 26.23 —14 | — 5.97 


‘Lhe figures given in this Table are of much 
interest, and are of importance as showing the great 
accuracy of the system of testing which our con- 
temporary condemns. Disregarding for a moment, 
for reasons which we will explain presently, the 
results of the first experimen*, we find that the 
measurement of the feed-water gives for Experi- 
ments 2 to 5 inclusive, a mean consumption per 
horse-power per hour of 26.941b., while the mean 
consumption for the same experiments, calculated 
from the units of heat discharged, is 26.93 Ib., the 
difference being only in the second place of de- 
cimals., And yet The Engineer asserts that with this 
system ‘nothing like precise results can be ob. 
* tained,” 

** But"—we fancy we hear the writer in our con- 
temporary exclaim—* look at the results of the 
* first experiment, where the difference between 
** the weights of steam as measured and as calcu- 
“lated amount to over 12 percent.” Let us now 





amination will afford an additional — of the value 
of the Farey-Donkin system. eferring to the 
tables containing Mr. Fletcher's results, and com- 
paring his data relating to Experiments 1 and 2, we 
find that in the first experiment there was a slightly 
higher piston speed, a slightly higher initial steam 
pressure, a somewhat greater ratio of expansion, 
a lower hot-well temperature, and (judging from 
the indicator diagrams given in Mr. Fletcher's 
report) a slightly better vacuum. Now all these 
things would point to slightly better perform- 
ance in the case of Experiment 1 than in Ex- 
periment 2, and the heat coefficients are quite in 
accord with this, whereas the quantity of feed-water 
used is by measurement highest in Experiment 1. 
But Mr. Fletcher in speaking of this trial says: 
‘* By far too great a proportion of heat from other 
‘‘ boilers passed through the economiser ; the tem. 
‘‘ perature of the feed-water at one time rising to 
‘as high a point as 290 deg. when steam blew off 
‘‘ from the safety valve of the economiser,” It is 
not stated for how long a time this blowing off con- 
tinued, but from Mr. Fletcher's remarks just 
quoted, and from others in a later part of the re- 
port, it is not improbable that a material loss of 
water took place during this experiment, and that 
the weight of steam actually supplied to the engine 
was less than that of the water fed into the boiler, 
Altogether a comparison of the conditions of Ex- 
periments 1 and 2 tends very greatly to support the 
accuracy of the heat coefficients and to show that 
from the cause just alluded to or from some other, 
the quantity of feed-water measfred did not, in 
Experiment 1, represent the weight of steam sup- 
plied to the engine. 

In addition to condemning the Farey-Donkin 
system of testing, our contemporary attempts to 
employ Mr. Fletcher’s figures to throw doubt upon 
the efficiency of steam-jacketting. Our present 
article has extended to such a length that we cannot 
spare space to deal with this section of the subject 
here, but we may not improbably return to it, 
although the efficiency of the steam jacket is now so 
well known that it scarcely requires any support at 
our hands, In conclusion it is only fair to Mr. 
Fletcher that we should congratulate him on the 
completeness of the trials respecting which we have 
been writing, the manner in which his figures bear 
analysis well showing the care and skill exercised 
in obtain ing them. 














NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’Change at Middlesbrough, but 
the amount of business was small, Week after 
week the aspect of affairs is less satisfactory. Nominally 
the prices of pig iron are based on No. 3 realisi ing 40s, per 
ton, but keen buyers can manage to obtain all they 
require at special rates. It is expected that as the number 
of furnaces in blast in the North of England has been 
reduced to 109 in number, the total production of pig iron 
will not now be much in excess of the legitimate demand. 


The Finished Iron Trade.—The finished trade still 
drags along without any indication of improvement. Were 
it not for the activity in the plate department, there would 
be next to nothing to do in this branch of the trade. Many 
of the finished works have stood idle for months. The 
North Yorkshire Iron Works at South Stockton are to be 
sold by auction. In spite of general depression there are 
some works which can be carried on at @ profit. Amongst 
these are the Consett Iron Company’s, and Messrs 


Bolckow, Venghems and Company’s, both of which have 
declared satisfactory dividen At Middlesbrough the 
Erimus Iron Works, which have been closed since 1875, and 


which are now the property of Mr. C. EH. Muller, iron 
merchant, are to be opened for the purpose of conducting 
a series of experiments. These works were built expressly 
for mapas we by the Danks process. The experiments 


about to made are to test the capabilities of a new 
mddling furnace invented by Mr. Richard Howson, of 
Middles rough. 


The Forthcoming Meeting of the Iron and Steel Institute. 
—The Iron and Steel Institute meeting at Newcastle-on- 
Tyne promises to be a great success. Satisfactory arrange- 
ments have been made for the reading of papers, the visit- 
ing of works on the Tyne and Tees, excursions to different 
pines, and a banquet in the Royal Exchange, Middles- 
rough, the birthplace of this young and flourishing 
institution. 
Death of a Coalowner.—Mr. Hugh Stephenson, one of 
the Northumberland coalowners, fell from his horse at 
a near Newcastle-on-Tyne, last week and was 
illed. 
The Northumberland Miners and their Wages.—The 
dispute about the wages in the Northumberland coal trade 
was referred to Mr. Herschell, Q.C., M.P., and that gentle- 
man has given his decision. He awards that there shall 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Proposed Reduction of Miners’ Wages.—On Wednesday 
last the members of the South Yorkshire and North Der. 
byshire Coalowners’ Association (Limited), intimated to 
the representatives of the miners ‘that they (the former) 
had resolved to take steps for an immediate reduction of 
wages. The officials of the Miners’ Association have 
since been invited to confer with the executive of the 
Masters’ Association on the subject, with a view of arriving 
at an amicable settlement of the question which affects 
from 32,000 to 35,000 men in both counties, and will rule 
the West Yorkshire miners also. It is stated that the 
men in this district are thoroughly determined not to 
submit to any reduction, and will, Tessie, come out on 
strike rather than agree to one. 


Thorps Gawber Hall Collieries.—The directors of these 
rather peculiarly-situated collieries have issued their annual 
report, which states that 19,6251. have been paid in respect 
of 2785 of the 4000 10 per cent. preference shares authorised 
to be issued at the last nesting The directors recommend 
that the dividends for the we half-year on the preference 
shares should be paid, and state that the resident: engi- 
neer reports the collieries to be in good working order, and 
the plant in an efficient state. 


The Charlton Iron Works Company.—The large works 
of this company. situate at Brightside, near Sheffield, were 
offered by public auction on Tuesday, and a good deal of 
interest was thereby excited, the company being now wound 
up. The works include two large blast furnaces, forge and 
rolling mill 200 ft. by 160 ft., iron warehouse 210 ft. by 
180 ft., 43 puddling and reheating furnaces, foundry, 
various engines, hammers, rolls, &c. There was no offer 
for the property in one lot, and when divided into two no 
bid was made. The property was consequently withdrawn 
for the time being. 


The Parkgate Wagon Company.—The balance-sheet of 
this company for the year ending May 3lst, shows that 
the capital is 50,000/., on which 24,0001. has been called up. 
The liabilities include 35,4821. on open accounts and 
bankers, and 15,1421. on bills payable. The assets value 
the buildings, plant, &c., at Parkgate at 19,5751., at San- 
diocre 31,3201., beside stock set down at 17,000/., and debts 
at 7346l., besides second-hand wagons, &c., 12,425, 








NOTES FROM THE SOUTH-WEST. 

_ Brecon.—Mr. Smythe, C.E., Local Government Board 
inspector, held an inquiry at Brecon, on Friday, with 
reference to a drainage scheme, and a proposal to borrow 
Neng the sanction of the Local Government Board) 13,5001. 
or the purpose of carrying out the same, The inspector 
minutely — into the manner in which the existing 
loans were being repaid, and then examined Mr. Rhys 
Davies as to the sew: scheme which was propounded in 
the first instance to the Board by Mr. 8. Harpur, O.E., of 

Merthyr. There is no opposition to the proposed works. 
Newport Water Works Company.—The half-yearly meet- 
ing of this company was held on Monday. The report of 
the directors recommended a dividend on the ordinary share 


capital at the rate of 4 per cent. per annum, after payment 
of all preferential charges. The directors expressed their 
belief that the new works at Pontyrehos would be completed 


in two months so as to receive water for the requirements 
of next summer. The chairman stated that the directors 
had no intention to call up any more of the share capital 
at present, sepoctedly as they could borrow money at 4 per 
per cent. en the new works were in operation the com- 
pany would be enabled to supply the highest part of Christ- 
church. : 

New Tin-Plate Works.— New tin-plate works have 
been started at Rudry, near Machen, on a branch of the 
Brecon and Merthyr Railway by the Waterloo Iron and 
Tin-Plate Company (Limited). 

Monmouthshire Railway.— Works for a deviation of the 
Monmonthshire Railway and for a junction with the Great 
Western Railway at Waterloo are nearly completed. The 
construction of the Talywain Branch on the Eastern Valley 
Railway is approaching completion. The improvements 
near Chapel Bridge have been completed, and the purchase 
of land for new works at Lhanhilleth, and for doubling the 
railway between Abertillery and Blaina and between Cwm 
and Victoria stations is proceeding. 

Cardiff Water Works.—The Cardiff Water Works Com- 
pany intend to apply to Parliament next session for power 
to raise additional capital to construct reservoirs and carry 
their mains to Llandaff. 

The Severn Tunnel.—It is thought that the Great 
Western Railway Company will be obliged to execute the 
Severn Tunnel by day labour, as although tenders for the 
execution of the works have been invited for a considerable 
period no one seems inclined to undertake them. 


Engineer Students—The Lords of the Admiralty have 
given orders that the engineer students at the various dock- 
ards are not to be searched in future by the police on 
eaving the yard nor to take up muster tickets as other 
workpeople of the yard, but they are to sign a book on 
entering both in the morning and afternoon. 

Drying Gun Cotton.--A series of official instructions has 
been issued as to the best methods of drying discs or slabs 
of compressed gun-cotton, which, for the sake of safety, 
are usually kept in water. When time permits drying in 
the open air is recommended, but as this will occupy about 
five days a special apparatus has been constructed for use 
in the field and at stations in which steam heat is employed 
to carry out the operation safely in a few hours. The ap- 
paratus consists of a boiler and a drying chamber, which 








examine this experiment, and we think that the ex. 


establish their claim. 


be no reduction, as the colliery owners have failed to ihe 


when in use are placed 6 ft. apart and are connected by a 
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’ * forced by Lloyd’s on any extreme ratios of length to reeprotively : A=18,382; B=19,162; C=19,448. You 
ON LLOYD'S NUMERALS.* depth and breadth, and the practice of the rules will be | will be struck by the fact that the numeral of © has been 
By W. Denny, Member of Council. found, especially in the three-decked category of vessels, to | more increased ‘by the addition of 2 ft. to the depth thes 


Ir is my en in this paper to bring before you some 

objections to Lioyd’s Numerals, and to suggest improve- 

ments upon them. Neither for the purpose of stating 

these objections nor for the parpose of suggesting remedies 
ey’ 8 


vessels. 




















be on we account much fairer than in the case of smaller 

very 
not howeyer come to any great extent within the depths 
and breadths limitations, and in these vessels there are 


the numeral B been increased by the 
8 ft. to the brealth. It is thus evident that the present 
plating n tax depth at a higher rate than breadth, 


and that in spite of the fact that for structural strength 


large number of the vessels now building do 
































































will it be neces: to trave ond Lloyd's Rules and the | many cases of an extremely arbitrary nature, produced by | alone an increase of depsh is greatly to be preferred 
rinted papers of those gentlemen who direct and control | the present numerals. Some haye come under my own notice, | to an increase of breadth. On each of the seC- 
loyd’s Society. It must be acknowledged by every one | and some in the experience of my friends, To illustrate this | tions are marked the scantlings required by the rules, 
that the numerals at present in use are a vast improvement | matter there are shown on diagrams Figs, 1, 2, and 3, the | and also the equipment. For the sake of comparison, 
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on the system of fixing scantlings which preceded them. 
Still, increasing experience and knowledge are sure to show 
defects in any system such as that of Lloyd’s Numerals, 
which are of necessity empirical in their nature, and 
which even in the most perfect form must remain to some 
extent empirical. I am quite sure that the gentlemen who 
administer Lloyd’s Society will be as ready as any out- 
sider to admit such an opinion. At the last meetin 
of this Institution I made some remarks upon the hard- 
ships involved in the present numerals from their increas- 
ing scantlings in a change of form, which did not increase 
the strains upon that form as compared with the original, 
but even diminished them. Mr. John, in replying to my 
remarks, misunderstood, I think, my meaning, and inter- 
preted my objection as referring to the definite categories 
in which the numerals are collected. He argued that 
categories could not be avoided, and that scantlings of iron 
must of course go by sixteenths as being the customa 
sizes, and could not be more finely apportioned. Now, 
this argument was unnecessary, for I am as clearly of 
opinion as Mr. John can be that there must be limits in 
any system of numerals, and that while iron continues to 
be made in certain sizes we must go bythem. In my re- 
marks I traversed none of these statements, but I pointed 
out that the limits of the numerals increased the scant- 
lings of ships where such increase was not required, and 
thereby inflicted unnecessary penalties of increased scant- 
lings upon one ship and granted lightness of scantling to 
another. The present numerals do in fact handicap forms 
of ships which should not be thus disadvantaged, and tend 
to evolve forms and dimensions rather in accord with their 
own variations than in harmony with the actual conditions 
and possibilities of the art of naval architecture. The 
longitudinal numerals, or, as they are called, the plating 
numerals, require most discussion. This numeral in two- 
decked vessels is produced by the addition of the half-girth, 
half-breadth, and full depth, and the multiplication of the 
amount by the length of the vessel according to Lloyd's 
measurement. From this itis evident that the longitu- 
dinal scantlings are dependent upon the size of the mid- 
ship section and the length of the vessel. To the 
latter factor no objection can be taken, the former, 
however, is open to much objection, as forming an 
element in the longitudinal numeral; and it is evident 
that any increase of the midship-section, even where no 
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the scantlings of Sootion A are taken as a stan 
m 


sections of three steamers of the ane taal and displace- dard, 
c eis made either in the displacement or length, is at | ment, the length being 260 ft., as m by Lloyd’s, and | and all departures them in the way of increase 
once liable to be taxed with * pee ae Lees yt hy the oe 2560" tons. In A section the breadth and | are marked on the other two sections in numbers strong] 


course it is quite true that this tendency in larger and 
longer vessels is prevented from running into a complete 


’ tively. 
reductio ad absurdum by the increase of scantlings en- 











depth, as measured by Lloyd’s, are 31 ft. and 22 ft. respec- 
In B section they are 34 
section they are 31ft. and 24ft. We have thus the 

i increased in B 


underlined. Now, in the case of the 


ft, and 22ft., and in C | scantlings, I think it cae, be very Seely 





inal Section A, otherwise unchanged in excepting the lower deck stringer in 
* Paper read before the Institution of Naval Architects, b ft. of breadth, and in 2 ft. of : lon- nired as 9 distributor of of the beams 
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The increase of the equipment seems unnecessary in the 
cases we are considering, seeing that the weight of the 
ship remained unchanged in all three, and this weight is 
as nearly a correct measure of the strength required in the 
anchors and chains as we are likely to get. On Table I. 
you will find particulars of Sections A, B, and C set ont in 
columns, and with them the results of calculations made to 
ascertain the strains. The method adopted for this is that 
used by Mr. John in his paper ‘‘ On the Strength of Iron 
Ships,” the bending moment being the product of the dis- 
placement multi lied by yth of the length, the moments of 
inertia and the distances of the upper-deck strengthening 
from the neutral axis being found in the usual way. It is, 
however, assumed that the scantlings of Sections B and C 
are not those shown on Figr. 1, 2, and 3, but that they are the 
scantlings of Section A. The results show that, while Sec- 
tion B suffers no more strain than Section A, Section C has 
a strain much less than that on Section A. Itis thus self- 
evident that there is no call for an increase of longitu- 
dinal scantlings owing to the changes of dimensions we 


| 3 DECKED CLASS 
14% 9h6 to Var" 








Fig.4. 
58% 6 to B26 


| say that it was the intention of Lloyd’s Committee to 


favour unfavourable types of “1 ,» however, 
that unintentionally the nature of their rules leads to this, 
it is worth their while to consider any suggestions for their 
improvement. ing the transverse strengthening 
you will notice that, in Section A, the frames which are 
44 in. by 3 in. by {4 in. amidships, are 4}in. by 3 in. by ,°; 

at the ends; and in Sections B and C the frames are 5 
by 3in. by; in. amidships and 5 in. by 3 in. by 74, in. at 
the ends. Granting that the scantling of frames is correct 
for amidships, although in Section C with an additional 
tier of beams that is open to dispute, it seems to me that 
the same size of frames would be sufficient for the ends of 
B and C as for the ends of A. In such cases the size of the 
midship section influences the transverse strengthening at 
the ends more than is necessary, and imposes an unneces- 
sary penalty on the choice of certain forms. If you will 
examine Figs. 4, and 5, you will find some curious discrepan- 
cies introduced into the transverse strengthening by the 
difference between the spar-decked and three-decked ciasses 
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on the other, and if the three-decked vessel is of a correct 
strength it follows that the spar-decked is too light. 
Having now considered the different cases brought before 
you, it is worth while to ask: Could Lloyd’s not adopt a 
system of numerals of such a nature as would remove the 
unfairness of treatment meted out to Sections B and C, and 
which would render the spar-decked class instead of an 
nm has a reality, carrying definite conditions with its 
use? 1am prepared to put such a scheme before you, and 
I count it a very great recommendation to its acceptance 
that the main feature of it is a general application of 
the principles laid down in Mr. John’s paper on the 
** Strength of Iron Ships.’’ According to the scheme 
| I propose, both the longitudinal and transverse numerals 
should be multiples of the displacement. It would 
therefore be necessary for the shipowner or builder to fix 
the amount of this in the first instance, and there is no 
great hardship involved in doing so, as the displacement 
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is one of the very first —- ecided on in a new ship. 
When the ship was completed a mark corresponding to the 


Fix5. SPAR DECKED CLASS 
46% Bf’ to 90° Tg * 


' 
| 


























270 x 34%27.8 
| 3" 7°49 Breadths 
13-67 Depths to M Deck 
| ee o Duy 
1th Fig'to hg’ 


















Sa 








On every 2%" & 4% Frame 
alternately 


| SEA 6 to Vie of / 






= 


E Hex} es 
5. ox 2%" 35% gto %* 5 “7 
S.BI*5S 


P3kGe for ff 


i 5344x909 & Hon, Us 
















3° 


| 
i 
' 
' 
| 
' 
' 
! 
' 
| 
' 


he for 


| BW Stee Snags He to 


Wx 


, t |  <gepeees xar7 
"te Bb ig toe 
—! tix 7G 
pe ean Ki ES iw 
S 8% «® pre Te 
5. 4x 2% . | to beg" 
SRSEExS" | 


have made in Sections B and C, and that, in the case | of steamer. No one can object to the attempt made by 


of the latter section, which the numerals would indicate as | 


that most requiring an increase of scantling, there is ac- 
tually a very reasonable plea for a reduction. Our argu- 
ment may, however, be carried even further in the way of 
showing the unfairness of the longitudinal numerals to 
Sections B and'C ; for in these cases it is evident that with 
larger midship sections than in A, and the same displace- 
ment, ceteris paribus, the displacement must be much 


and the amount of possible sto . Ineed hardly say 
that such changes would of themselves reduce the bending 
moments of B and C as compared with that of A, giving 
additional force to the objection to an increase of scant- 
lings. It is, however, u to pursue this argument 
further than in to call your attention to the increase 
which, in the face of such reasons, Sections B and C are 
made to carry. Last year, in a very able and useful 
pape , read by Mr. John before this Institution, ‘‘ On Sta- 
ility,’’ referring to the case ofa steamer which was found 
deficient in this quality, he said: ‘‘ Reducing the height 
of the double bottom, and thereby lowering the c 5 = 
unquestionably a sure way of increasing the initial sta- 
bility ; but increasing the beam is equally as certain a 
= effecting the same object. It does not, however, 
find so much favour with shipowners for one reason, be- 
cause they think erroneously that increase of beam neces- 
ily increase of resist ; but chiefly because 
they have no faith in the ultimate safety derived from 
beam as compared with stability due to low weights.” 
Now, to these two erroneous reasons might, and does 
not, the shipowner add a third, of which Section B is an 
illustration, and say that, as greater breadth entails 
on him, purely by its increase and without reference to 
other features in the ship, a greater weight of hull, 


—— ter first cost and diminishing dead weight 
build bron 


the same time, he therefore would not 
necessity? No one, I am sure, would f 





ships than he was compelled to by pure 
or one moment 


more page into the centre, and also the weight of hull | 








Lloyd’s in the spar-decked s, to recognise the principle 
that even in the same size and form of vessel very different 
scantlings may be permitted, according to the different ex- 
tents to which the ship may be loaded ; and I would cer- 
tainly not refer to the differences between the spar and 
three-decked sections as discrepancies, were it not that by 
imposing no definite restriction upon the draught of the 
spar-decked vessel, Lloyd’s leave it an open question, and 
= the shipowner to possess two different types of scant- 
ing without securing a direct control over his use of 
them. To abtain this control wouldsimply be to extend 
their present policy pursued in awning decked vessels. 
Assuming however the ssibility of both the three- 
decked and the spar-decked vessels being used in the 
same way, we haveinthe latter 4}in. by 3in. by }, in. 
frames; Sin. by 3 in. by ys in. frames reverse, and 
21 in. by +, in. ;floors, inst in the former 5m. by 
3 in. by yy in. frames, en in. by 3 in. by ; in. reverse 
frames, and 24in. by ,% in. floors. If we thus compare 
these spar-decked scantlings with those of the three-decked 
vessel we find a considerable difference. Comparing them, 
however, with Sections B and C, the discrepancies (taking 
the difference of dimensions into account) are even more 
astonishing, the frames in both of these cases being 
5in. by 3im. by yy in. against the spar decked vessel’s 
frames 4 in. in. by y% in., and the floors being 
23 in. an Sy eS against 21 in. by y; in. The 
differences between the longitudinal scantlings of the 
three-decked and spark-d sections are shown by Figs. 
4, and 5, and on Table II. the results of a comparison of 
these on the same system as in Table I. are also shown. 
You will notice each steamer is su to be of dimen- 
sions according to Lloyd’s 270 ft. by 34 ft. by 27 ft. 3 in., 
with a displacement of 3400 tons on a moulded draught of 
18 ft. 6in. The draught is assumed the same for both 
because Lloyd’s Rules permit the assumption. You will 
notice that under these circumstances the one section would 
have to endure a strain about 20 per cent. in excess of that 
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draught of this displacement would be painted on the two 
sides of the steamer in the same way as Lloyd’s ‘now do 
with awning-decked ships. This mark would be called the 
displacement mark, and if loaded over the class would be 
taken away. At the same time Lloyd’s would undertake 
no responsibility as to this mark indicating the correct 
draught of the ship, which they at present do in the case 
of awning-decked vessels. They would leave that to be de- 
termined by other considerations, and content themselves 
with simply securing a basis for the numerals dependent 
upon the greatest possible weight of the ship while remain- 
ing classed. It would be necessary to take up this position, 
as a shipowner might select his displacement at the level 
of the uppermost deck, which although it might be a good 
enough basis for obtaining extreme strength for some 
special purpose would be absurd as a draught. The lon- 
gitudinal numeral in this arrangement should be simply 
Mr. John’s bending moment 


Length Xx displacement. 
35 


The transverse numeral should be the present transverse 
numeral, multiplied by the displacement and divided by some 
convenient constant number. ‘The present transverse nume- 
rals by using the half breadth, the half girth, and the full 
depth virtually only gives the breadth one half of the re- 
presentation of the depth, puttinga premium on breadth 
and a penalty on depth. So far as the frames and reverse 
frames go, this is not to be objected to, as they are less sup- 

rted on the sides than on the bottom, where the floors and 
| tok mov back them up well. Neither, however, the present 
numerals nor the ones now proposed are fairly applicable 
to the floors, which should be ruled rather by the breadth 
of the ship than her depth. Possibly, therefore, an addi- 
tional transverse numeral composed of the breadth multi- 
plied by the displacement and divided by some constant 
convenient number would be advisable. In any case, 
however, I believe some such numerals as I propose are 
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and the shipbuilders and owners who employ its rules. To 
the breadths and depths limitations in the rules I du not 
bring forward objections. Such numerals as I propose 
would recognise a very wide variety of ships, and upon a 
sound basis, at the same time taking a definite pledge from 
the shipowner for the fulfilment of their requirements. 
They would impose upon him simply the choice of and 
adherence to a fixed displacement mark, and they would 
concede to a great variety of types the liberality of treatment 
due to different work which Lloyd’s have attempted to 
ive to one type in the spar-decked class. ere can be no 
Soabt that we are on the verge of a fresher and more 
liberal consideration of the forms of vessels, both with 
d to s and other qualities. Mr. Froude’s paper 
on useful displacement, read before this Institution in 
1874, marks a fresh de; ure in the thought about these 
things, and I trust Lloyd’s will no longer adhere to 
numerals which oppose and limit a justifiable choice in the 
forms and types of ships to be built. I am sure any one 
who will carefully study Mr. Froude’s paper, and then 
turn to Lioyd’s numerals, will easily gee the wide difference 
between the spirit of the two. Mr. John’s paper upon the 
** Strength of Iron Ships” points in the same direction as 
Mr. Froude’s paper. The marked note of it is a considera- 
tion, in as far as practicable, of the case of each ship upon 
its own merits ; and the fact of Mr. John’s having written 
this paper and being influential in Lloyd’s leads me to hope 
that they will yield to the appeal for a real change in the 
present numerals. So + a society must surely possess 
the ambition to lead and not to hamper fair, honest, and 
legitimate enterprise in the art of shipbuilding. At present 
their rules are in antagonism to much possible improve- 
ment, and they will remain so until some very decided 
change in the direction I have intimated is made. 








TABLE I. 
—_— A. B. C. 
Length ... 260 260 260 
Breadth ... 31 34 31 
Depth ... sy 22 22 24 
Draught (moulded) 15.75 | 15.75 | 17.75 
isplacement ... ae ...| 2,560 | 2,560 | 2,560 
Co-efficient of displacement .. -706 643 -626 
Area of midship section ..| 450.49 | 496.95 | 510.18 
Lloyd’s frame numeral 70.7 73.7 74.8 
Lloyd’s plating numeral 18,382 | 19,162 | 19,448 
Upper deck from neutral axis} 12.89 | 13.09 13.99 
Moment of inertia __... ...| 48,423 | 49,490 | 60,307 
Bending moment "0%2500 || 19,017 | 19,017 | 19,017 
Strain on upper deck ... 5.05 5 4.4 














Tasie II. 





| Three-decked. Spar-decked. 
270 








Length ... 270 
Breadth ... 34 34 
Depth ... oS 27 ft.3in. | 27 ft. 3in. 
Draught (moulded) 18 ft. 6 in 18 ft. 6 in. 
Displacement ... re 3,400 3,400 
Lloyd’s frame numeral ee 77.05 68,95 
Lloyd’s plating numeral _...| 20,803 18,616 
Bending moment 270 x 3400 | 26,229 26,229 
Neutral axis from upper dec 15.99 16.37 
Moment of inertia - mas 87,848 79,186 
Strain on upper deck ... 4.77 5-42 














STRAINS ON SHIPS. 
On Transverse and other Strains of Ships.* 


By W. Joun, Assistant to the Chief Surveyor of Lloyd’s 
Register, Member of Council. 

In most of the scientific investigations that have been 
published in recent years as to the strength of iron sbips, 
and the strains to which they are subject, attention has 
been directed almost entirely to the features of the ship 
when viewed as a’girder. I am not sure that in pursuing 
the question of longitudinal strains so exclusively as 
been done, there is not a tendency,to magnify the importance 
of the girder theory as compared with the far more subtle 
and intricate questions involved when we come to view a 
ship as a ship, liable to be rolled and pitched about at sea, 
with varying water pressures on the outside, and with in- 
ternal leads a amount and distribution on almost 
every voyage. Perhaps the very magnitude and difficulty 
of the undertaking have deterred others, like myself, from 
attacking the more abstruse scientific questions which 
arise in ship {construction, and tended to keep us to the 
comparatively easier field of longitudinal strains. Practical 
men, however, find it is impossible to neglect or even treat 
lightly the other features of a ship’s cture, as 
are constantly having to argue from effect to cause, an 
to apply remedies for structural weakneas obviously arising 
from circumstances lying quite outside of the girder theory. 
Nothing brings the latent defects ina ship to light with 
more certainty than heavy weather at sea, and I am sure I 
speak in accordance with the experience of those who have 
had the best o ities of forming a judgment on the 
subject when I say that straining at sea is oftener due to 
transverse or local weakness than to deficiency of longi- 
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this I am far from potareating 
the importance of atte carefully to the longitu 
strains of ships, for I fully recognise the fact that to ignore 
them might lead to the most serious results, and I have 
endeavoured to show the proximity of such dangers in some 
vessels on other occasions before this Institution. In my 
paper, read in 1874, I gave the results of a series of investi- 
gations made by me on the longitudinal strength of a 
number of typical vessels of the mercantile marine. The 
investigations showed unmistakably that as oe i 
in size a marked diminution occurred in their longitudinal 
strength, and the results caused some surprise at time, 
enone they might poe have been easily inferred 
from the writings of others published at an earlier period. 
Those results, in spite of their approximate character, im- 
pressed two conclusions strongly on my mind : Firstly, that 
there was cause for anxiety as to the longitudinal s' 
of some very large iron steamers then afloat, and that 
the longitudinal strength of large ships needed on 
all hands the most careful vigilance and attention; 
and, secondly, that in small » and even vessels 
of moderate dimensions, the longitudinal strength 
need cause but little anxiety, because it is amply 
provided for by the scantlings found necessary to fulfil the 
other requirements of a sea-going trade. I fear some of 
my critics have been too eager to push the results of those 
investigations to what at first sight may appear to be their 
logical conclusion. It has been that if small vessels 
tested as girders be found three times as strong as large 
vessels tested in a similar manner, then it follows either 
that the scantlings of the small vessel should be divided by 
three, or those of the large vessel be proportionately in- 
creased, or a change be made in both to bring about an 
equality of conditions under the girder theory. This 
doctrine has a certain d of plausibility about it, but it 
is to my mind somewhat fallacious. It certainly is far 
revolutionary in its character to be put into practice as the 
result of abstract reasoning without being tested in the 
most cautious and tentative manner by experience. In the 
first place it assumes that the girder formula used applies 
equally well to small vessels and large ones; in the next 
place it proceeds on an assumption, nearly broad enough in 
itself to beg the whole question of strains afloat, that vessels 
which are opens strong considered as girders, are equally 
efficient asships. There is abundant room here for hesita- 
tion in accepting the doctrine without qualification and still 
more if we test it by experience. Take a little vessel of, 
say, 200 tons, and 135 ft. by 20)ft. by 10 ft. dimensions ; she 
would have, in the usual course of things, plating of +‘ in. 
or j,;in. thick, found necessary by experience to give 
sufficient local stiffness, safety inst accidents, and 
durability. This plating, a small deck stringer, keel and 
keelsons are all the elements of longitudinal strength she 
possesses ; and they are found necessary for other purposes 
than for longitudinal strength ; it is therefore idle to argue 
from this to the longitudinal strength necessary for a large 
vessel. And similarly for vessels of 300, 400, or 500 tons 
and upwards. Experience has shown, over and over again, 
that, to render them efficient, no wholesale reduction can 
be made in the scantlings, although the longitudinal 
strength appears so abundantly great compared with that 
of vessels four or five times their size. In fact, so far as I 
am able to judge at present, experience is decidedly opposed 
to the theory of girder equality of ships of different sizes ; 
and one of the conclusions to which my investigations have 
led me, although at first sight it may appear paradoxical, 
is nevertheless quite true, namely, that the factor of safety 
obtained by the usual formula for longitudinal strains is a 
very imperfect criterion indeed of the efficiency of the ship 
to perform her work satisfactorily, or of the probabilities 
of her giving trouble from symptoms of straining and 
working atsea. I mean, of course, this assertion to apply 
only to vessels in which the strength in a longitudi 
sense is well within the limits of safety, so that any danger 
of breaking off under them is out of the question. And 
this I believe to be the case with ee pee bulk of sea- 
going ships afloat. Where the limits of safety in this re- 
spect are closely trenched upon the longitudinal strains 
become of paramount importance. Where safety is amply 
provided for, every-day experience shows that a little more 
or less of lo itadinal strength is of less importance than 
well-sustain er the structure. I could 
give illustrations of this, but cases of the kind will occur to 
many in thisroom. It is often exemplified by the fitting of 
iron decks in three-deck steamers. have the option 
by Lloyd’s Rules, where one iron deck is required, to fit it 
at the upper deck or middle deck. Viewed as a girder the 
upper deck is unquestionably the best for the iron 
deck. There are practical considerations which arise, 
however, and often turn the scale with the owner in favour 
of having the iron deck onthe middle deck beams. Cases 
have occurred in which vessels of nearly the same size have 
had identical scantlings, the only structural difference 
sores | that one had an iron upper , the other an iron 
middle deck ; and the former, although showing much the 
best result as a girder, has shown symptoms of straining 
whereas nothing to indicate straining could be observed 
in the other vessel. If cases of this kind had remained 
within s @ narrow compass that they could be 
accounted for by differences of workmanship or material, 
I would not have ventured to lay the matter with 
any prominence before you; but, as it is, I feel con- 
vinced the strains to which ships afloat are subjected 
serfectly investignted, that it is impossible et the present 

ly inves it is im a 

time to —— on them neteases shi A. | ‘sap a 
sizes and proportions with any degree ; as between 
ships of the same size, differing in distribution of material, 
Lhave given an illustration. following considerations 
have to be borne in mind in comparing ships of different 
sizes having similar distribution of material: In obtaini 





the maximum longitudinal bending moment it is 
vensel is punpenilod either on the exest or in the hollow of 


waves of her own length. Obviously, therefore, a large vessel 
can only meet with waves capable of inflicting those maxi- 
mum strains on her during heavy weather, and, therefore, 
only at intervals. Small vessels on the other hand may meet 
waves capable of producing the maximum strains on them 
Susing ordinary weather, and the repetition of such strains 
may therefore with them be a matter of frequent or every- 
day occurrence. The fatigue or wear and tear on the struac- 
ture will, therefore, be greater on the small vessel than the 
large one. Again, it is well known that the maximum 
slope of trochoidal waves diminishes as the length of the 
wave increases. In other words, small waves are compara- 
gr relher tevasts Leeesinag. tas fesoertipenan Baa 
go rather increasing proportiona‘ i 
moment in small vessels. Long vessels would escape 
these heavy bending strains so long as they could overlap 
two or more waves, and it would be only in conditions like 
an Atlantic storm, when the waves had become several 
hundred feet long, that: they would become liable to 
their maximum longitudinal strains. For these reasons, 
together with difficulties which arise in consequence of 
variations in the proportionate depth, I am inclined to 
believe that any formula to represent accurately the maxi- 
mum bending moment of ships of various types and sizes 
would have to be much more —e than any yet put 
forward for this purpose. In 1874, I usedtheformula— . 


Bending moment= displacement X length 
35 





as an approximation, and stated my reasons for doing so, 
but I am satisfied that in applying it generally considerable 
latitude would have to be allowed, and it would require a 
very elaborate series of calculations to determine the limits 
within which this fraction varies for different ships under 
different conditions of stowage. My mistrust in abstract 


too | reasoning on this subject when it is unsupported by prac- 


tical experience, is strengthed by a paper read as less 
an authority than Mr. Froude, before this Institution in 
1874, ‘‘On Useful Displacement as limited by Weight of 
Structure and of Propulsive Power.” I should mention 
that Mr. Froude’s paper was put forward by him as con- 
taining suggestions rather than as embodying a complete 
theory, and I have, therefore, some hesitation in criticising 
it, but I am sure Mr. Froude would not object to criticism 
on thator any other score. ing with the sea-going 
Farman , - with the a my age principles pp come 
into operation as governing the sepeene strain to 
dimension, Mr. Froude arrives at the ollowing conclusions : 
He first assumes the length alone to vary, and takes a pro- 
—— enlarged wave, and from this es that the. 
ding moment of the lengthened ship will be as the cube 
of the elongation. He next assumes the breadth to > 
and finds that the wate oment is enlarged in the sim 
ratio in which the breadth is e 5 tly, he assumes 
the depth to vary, ne Se the ~ moment 
remains unaltered. en i ese conditions 
together, ‘and regarding the Sock, hatin, and sides 
of the ship as the corresponding members of a box 
girder, Mr. Froude arrives at the conclusion that the 
stress on each member of the girder will be directly as 
the cube of the length, directly as the breadth, and 
inversely as the depth. The sectional areas must be pro- 
—— to the stress, and as the structural weight 
taken as proportional to their sectional areas multipli 
by the ship’s length, it must be 
directly to the (ere mr of the length, directly to 
the breadth, and inv: ly tothe depth. If then W be taken 
to denote the weight of hull, 1, b, and d the dimensions of 


the ship, we have W a “2 Mr. Froude pointed out 


what he termed a remarkable result of this equation—that 
“ alike whether we enlarge a ship by increasing her three 
dimensions throughout in the same ratio, so as to enlarge 
her total yo in the cube of that ratio, or whether 
we enlarge her by.increasing her length alone, the ratio - 
in which the stractural weight should ‘be increased jis 
the fourth power of the ratio in which the dimension is 
enlarged.” Another way. of putting the result of the 
formula is this, which, to my mind, is sufficient to 
show its inapplicability to ships, viz., that if we 

the length constant, we can increase the breadth 
— as much as we like, and retain the same weight 
of hull so long as we keep the breadth and in the same 


pro ion to each other. We can, t ‘ore, according 
and depth, and thus 


to the formula, double the breadth 
quadruple the capacity of the ship while reducing the 
scantlings by one-half. I do not think any shipbuilder in 
a. opel sme — oe ge the ,thickness of outside 
plating and iron 8 stringers while increasing the 
size of his vessel, and I do not know of that 
— justify his doing 


as proportional 


in 
girder theory. I mention these matters to show the kind 
of dangers into which we mi 





that in proceeding f: emalb dhige ’ seinem o 
in rom up ones, an 
almost entire change in 

place ; and this is so, although it interferes so 
sadly with our attempts to a formula. 
I will explain this somewhat more . F 

sound in principle, should apply ly to a small 

say, 200 tons, or toa large one of tons. If now we start 
with a small vessel of 200 tons, such as the one shown in 






















































































































176 





ENGINEERING. 


[Aue, 31, 1877: 





section on Fig. 1, we find, as I have Penge Fe = Prey 
itudinal h am ‘or . 
——— The —_ Mansions are 

135 ft. by 20ft. by 10 ft., we know her scantlings are 
suficiont, piegene sien vessels of the kind are afloat, and 
working satisfactorily. Ex- 

perience has shown also that the scantlings are not ex- 
cessive, because, as a matter of fact, vessels of lighter 
construction about this size have been found weak, and 
have had to be strengthened. Suppose, now, we attempt 
to argue from this case to that of a large vessel whose 
dimensions are about three times the size. ; t 
dimensions of one at t in course of construction, viz., 


390 ft. by 38 ft. Gin. by 28 ft. 6 in., we find the —_ and 
trebled, 0" 


Fig.l. 
Late 


depth are about the breadth is ubled, 
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Sho cenaltingy at shige meaad uot ani ie cagntenes a 
ings of ships must not only e cognisance 
the external forces which act on the vessel, but also of 
| these internal modifications of structure brought about, 
and rendered necessary by variations of size. I have not 
yet seen such a formula, but I do not think it can be 
impossible to frame one within reasonable limits of 
accuracy, although it will probably have to be complicated 
and in a great measure empirical in the sense of resting to 
a considerable extent on the results of experiment and 
practical experience. It will be observed that to simplify 
the question down even to this extent, the whole frame- 
work of the ship has had to be i , a3 well as the many 
| perplexing problems that arise in secking to impart 
adequate strength to the several parts of the structure, 
| and especially towards the ends of the vessel. But before 
discussing these matters, I may be permitted to advert to 
a point that has often struck me as having attracted less 
| attention than it deserves. It has reference to the pro- 
_—_ often made to construct merchant ships on the 
| longitudinal principle. In our small vessels a certain 
| thickness of plating is almost indispensable to afford local 
| strength and avoid buckling, because the vessels knock 
about a piers, barges, wharves, &c., and not unfre- 
quently load on the ground ; and this aes if properly 
| stiffened affords in:itself sufficient longitudinal strength to 
satisfy the girder theory. It appears to me then a ques- 
tion, not how you are to put in your framing so as to add 
to the structural strength of the ship as a girder, but how 
it can best be put in to support the plating, and to add to 
the rigidity of the vessel. And least of all is the system of 
| framing required to be placed longitudinally in the bottom, 
| because that part of the ship has already abundant longi- 
tudinal strength in the bottom plating, if properly stayed 
and supported. In the little vessel I have before refe 
to, the neutral axis before ewe is only .4 of the depth up 
| from the top of keel, and in fact, in merchant vessels 
transversely framed, there is almost without exception, a 
considerable excess of longitudinal strength in the bottom 
over the top. This is less so in large vessels than in small 
ones, because as I have said, the iron decks impart longi- 
tudinal strength to the top and raise the neutral axis. In them 
also, however, the longitudinal strength of the bottom 
exceeds that of the top, and the neutral axis is below the 
middle height. The need for the framing to be placed 
longitudinally instead of transversely, especially in the 
bottom, is not therefore apparent, unless more rigidity can 
be obtained by doing so, or equal rigidity with a less cost 
or less weight of material. I grant better theoretical 
results could be obtained, according to the girder test, even 








be a better ship for the work a merchant ship has to 
perform? What I wish, however, to do here is to throw 
out these suggestions as they have occ to me, rather 
than to discuss fully the relative merits of the longitudinal 
and transverse systems of construction. The old transverse 
system of construction has been very persistently clung to 
by practical men in spite of considerable detraction. I am 
inclined to think it is by no means so devoid of a sound 
scientific basis as is often assumed. At any rate, I am 
sure, that to settle the question in a satisfactory manner, 
far more exhaustive scientific investigation will have to be 
brought to bear upon it than has, so far as I am aware, 
been yet applied. This branch of the subject is closely 
allied to some investigations that have engaged my attention 
ey a brief sketch of which will perhaps not be with- 
out interest to this meeting. I have been endeavouring 
lately, with the help of some of my colleagues, to whom I 
am indebted in many ways for investigations they have 
assisted me in, to bring the question of transverse strains 
and general rigidity of ships’ structures within the reach of 
scientific treatment quantitatively. And I assure you we 
find it enormously difficult and complicated. The general 
principles and mode of procedure may be described briefly, 
as follows: If we regard a ship afloat in almost any 
position, and assume a gare of her straining in any 
particular manner, it will be found that the chief difficulty 
in ascertaining the amount of resistance she can offer to 
being so strained arises from the number of different parts 
of the structure which combine more or less effectively to 
render assistance and distribute the strain. For simplicity, 
we will take an example where the cargo is stowed uni- 
formly. In still water suppose a section of the ship where 
the weight and buoyancy are equal to each other. The 
water pressures at sea are constantly varying, however, 
and when the wave crest is passing this part of the vessel 
the head of water and buo are in excess of the 
weights, whereas the converse es place in the hollow. 
The tendency, therefore, is to make the bottom move up 
and down alternately quite distinet from the effect on the 
ship as agirder. And the h of the internal framing 
to resist movement of this kind depends in a great measure 
on its depth and on the shortness of its - .- In this 
latter respect the floors have a great advantage over 
longitudinal girders of the same depth, unless the latter 
are rigidly sup; at moderately close intervals 
transverse bulkheads or partial bulkheads. The latter, 
I need hardly say here, are considered as abominations by 
the owners of ‘cargo vessels, owing to the loss they entail 
through broken stowage. Fora given deflection of the 
bottom we can obtain approximately what resistance would 
be offered by a certain number of the floors with the 
plating attached, and to this has to be added the resistance 
that could be offered by the middie line keel and keelson 
ing as a combined er, and the ing resist- 
ance for any other that may be fitted. It will be 
seen that to do this with of satisfaction a 
definite length of ship should en, say, between two 
bulkheads, and a certain distribution of the 
~ ng wpe Be to be 
support bottom is capable of receiving 
from the pillars. The latter in themselves can do nothing 
more than transmit to the beams any motion that takes 





of| rendered to the floors is measured by the 


with less material and thinner plating, but would the vessel | 284 


by | bringing the side SS 


on the | i 





place in the floors, or vice versd, and the assistance 
resistance 
the beam offers to being thus displaced. Here we 
see the effect of differences of flexibility. If the floor 
plates are deep and the beams are shallow, the latter 
can bend, without injury, much further up than the 
the former; and, consequently, for any given displacement 
or movement of the bottom, the beams escape severe strain 
at the expense of the floors. I do not suppose that strains 
of this kind afloat have ever endan a@ modern ship, 
but it is probable they have a deal to do with un- 
| mage symptoms of straining often observable ubout the 
ilges. he actual movements afloat would scarcely be 
observed, but they are often seen in an aggravated form, 
sufficient to indicate their nature when a ship has been 
aground in a position where she can get a moderately wide 
bearing but not sufficient to save her from straining. 
certain number of the floors are found bent upwards, the 
keel and keelsons following on a sweep, whose length fore 
and aft depends on the bearing surface, or on the position 
of the bulkheads, and then the beams above are found 
pushed upwards out of shape. The resistance of the beams 
to deflection can be ily ascertained, as well as their 
proof deflection as uniform girders fixed at each end, and 


the following formulz are suitable : p—M where p is 


I the moment of inertia of the section. 








the strain per square inch of section, y the greatest dis- 
tance from the neutral axis, M the moment of flexure, and 
2 
Also, mS i. 
6Ey, 
where d is the deflection, 1 the half length of the beam, E 
the modulus of elasticity, p and y being the same as before. 
The proof deflection of the floors and their resistance to 
deflection are more complicated matters. Taking the 
simplest case of a single plate, with a straight taper from 
the middle line fixed at each end at the bilges, and loaded 
at the middle, the proof deflection and resistance may be 
found by the following formula : 
po pl §(8a—b)_1_ 2 (log.e a—log.e >} 
2B '(a—b)? b (a—b)3 : 

where d, p, 1 and E have the same meaning as in the pre- 
vious formula, a is the half depth of the floor at the middle 
line, and b the half depth at the ends. With the load 
variously distributed, instead of concentrated at the middle, 
the formule becomes considerably modified, and further 
complications arise into which I will not at present enter. 
hash ing these formule recently to the case of a vessel 
by 34.2 by 24.5, the floor plates being 23} in. by 
i; in. and the upper deck beams 7 in. by yg in. bulb iron, 
with double angle irons 3 in. by 3in. by #in., we found the 
floors capable of much less proof deflection than the upper 
deck beams, although, of course, the transverse strength of 
the floors was far greater than than that of the beams. 
The middle deck beams formed of angle irons 5} in. by 3in. 
by +; in., with an iron deck ,°; in. thick attached, have a 
proof deflection still greater than the upper deck beams, 
while the hold beams have each a proof deflection less than 
the upper deck beams. As, however, they all have to 
deflect y mye J in the ship, owing to the rigidity of the 
illars, the resistance of each to the actual deflection is 
low the proof strength nearly in the proportion the proof 
deflection in each case bears to the actual deflection. A 
point arises in applying these formule somewhat similar to 
the old question so often discussed about a vessel altering 
her sheer, whether the ends drop or the middle body comes 
up. It may be asked whether the middle line would go up 
or the bilges come down. There can be no doubt, however, 
that nearly vertical sides of an iron vessel above the bilges 
form the most rigid parts of her in a vertical sense, far 
more so than the middle line, and in dealing with the 
effect of variations of weight and buoyancy on the bottom 
of the vessel, it is substantially correct to regard the floors 
as girders secured at each end with a load either concen- 
trated at the middle or more or less uniformly distributed. 
The effect of the strain on the beams is interesting to 
follow. If they were rene! supported at each end, the 
test bending moment on the beam would be at the middle 
The ends, however, are fixed in direction by the 
beam arms attached to the frames and by the stringer plate. 
The consequence is that the beam is incapable of so much 
deflection, but is stronger, and the breaking moment at the 
beam ends is as great as at the middle line. It is not un- 
common in cases of damage from grounding to find some of 
the beams broken at the middle line and others at the beam 
arm, but on opposite edges. When an upward bending 
moment comes on the beam the tendency is to draw the side 
of the vessel inwards, but when it is a downward bending 
movement the tendency is, owing to the round of the beam, 
to push the side outwards. In any case, this tendency has 
to be counteracted by the broad stringer plate on the beam 
ends, which performs this important duty as well as that 
of distributing the strain from the beams on the side, and 
lay. A somewhat similar 
process of investigation followed in ascertaining 
the relative d of flexibility of the several parts of 
the vessel’s sides against lateral forces, but I need not 
go through them in detail, as I am not prepared at 
the present time to lay before you a complete series 
of quantitative results, and without them but little ad- 
vantage could be secured. Among the forces which act 
ona ship are many which partake more of a dynamical 


than of a statical nature, and t are co! uently more 
difficuitt to deal with scientifi . Even im the pure 
hogging ing strains the effect of vertical motion 
in reducing the hogging and increasing the sagging strains 
and we have perhaps not sufficiently tested 
hogging and sagging strains~in oblique posi- 
tions of the ship while a. Among the forces es 
on a ship at sea usuall i from notice, is that whic 
arises out of the eam | motion of the surrounding particles, 
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when a ship is steaming obliquely across a series of long 
heavy waves. In a wave 300 ft. long and 15 ft. high, the 
velocity of the surface particles is 6.2 ft. perseeond. Those 
in the crests are moving forward, those in the hollows back- 
If now we suppose a vessel sufficiently oblique to 
these waves to bring the fore and after bodies in the crests 
of two succeeding waves and the middle body in the hollow, 
there would be a very considerable lateral bending moment, 
as well as a twisting force. The two ends would endeavour 
to move on with the velocity of the water in the crests, the 
middle body would endeavour to recede with the water in 
the hollow ; and soon these tendencies would have become 
entirely reversed, the middle body being in the crest and 
endeavouring to move with it, while the ends are being 
ged in the opposite direction. Between these two 
alternating positions, the lateral forces on the ends will not 
balance each other, and the vessel, relieved of the strain, 
begins to yaw. Those forces can be measured, and I hope 
on some future occasion to be able to give quantitative 
results. In the mean time, I have only been able to lay 
before you an imperfect sketch of a train of thought we 
are endeavouring to follow out at Lloyd’s Register, in the 
hope of being able to throw some fresh light upon the 
strains and strength of ships, a subject the enormous diffi- 
culties of which we are conscious of, as we are of the re- 
sponsibility resting upon us to deal with it broadly and 
intelligently. Speuking for myself, I can say, that placed 
as I am at Lloyd’s Register, with colleagues capable and 
willing to face any set of calculations, however laborious 
or abstruse, and under the guidance and advice of seniors, 
known to you all for their vast practical experience and 
ripe judgment in all matters relating to ship construction, 
I do not despair of arriving at results more satisfactory 
and more definite than we have yet reached ; andI trust we 
shall soon see an increasing number of cther workers in the 
same field, which is one full of interest, and so far as I can 
judge, is of almost unlimited extent. 








ON LAUNCHING LARGE SHIPS.* 


By J. D. A. Samupa, M.P., Vice-President. 
Tue launching of a large and costly vessel is a serious 
matter. There is scarcely any operation throughout the 
construction of a vessel likely to cause the builder more 
anxiety or to result in more serious consequences if from 
any cause a failure should attend his efforts to insure a 
successful launch. If reference is made to the cases of im- 
portant failures that one can recollect, during the last 12 
or 14 years—(omitting altogether the failure of launchin; 
the Great Eastern as a vessel both exceptional in itself, 
and also in the mode adopted of launching)—we should 
have to record that of Her Majesty’s frigate Cesar, at 
Pembroke, the ironclad frigate Northumberland, and the 
Brazilian ironclad Independencia, on the Thames. The 
cost of failure in these three cases could not have been 
very short of 300,000/.; and the matter, therefore, ap- 
pears to be of sufficient importance to place on record for 
the benefit of present and future shipbuilders the precau- 
tions that have been taken by my own firm, and which 
have been based on the result of many years’ experience, 
and possess the advantage of having &- uniformly suc- 
cessful. The most convenient course to adopt, I think, 
will be to describe accurately the course pursued in some 
special case, and to draw attention to any special condi- 
tions that should be carefully borne in mind in similar 
cases, and I have, therefore, selected the case of two of 
the largest vessels I have built, as in all cases reducing the 
proportions and precautions for smaller craft will be more 
easily and more safely accomplished than by working up 
to larger and heavier vessels. I propose, therefore, to de- 
scribe arrangements employed in constructing the slips and 
carrying out the launch of the two German ironclad frigates, 
Kaiser and Deutschland. The principal dimensions of 
each were: length, 285ft.; beam, 63ft.; gross displace- 
ment (when fully equipped and engined), 7400 tons. 
fe tage of Slip.—The slip is formed of no less than 
400 piles of Dantzic fir, each 16 in. square and about 30ft. 
to 40ft. long. These are arranged in transverse rows 0 
seven piles in each row ; spaced with intervals of 7 ft. for 
the entire length of the slip. These piles are arranged 
| ayy as shown on the accompanying sketch as follows : 
wo in the middle line to support the keel of vessel ; two 
approximately under each launch, and one beyond alter- 
nately on each side. In addition, the number of piles is 
increased on the lower portion of the slip beyond that on 
which the vessel is built, and over which it to travel 
before finally leaving the end of the sliding planks. Cross 
baulks of Dantzic fir, 16in. square, are worked on the top 
of each row of (seven) piles and tenanted on the tops of 
them. Additional piles also driven under the fore-foot of 
the vessel to support the extra weight of the overhangin 
bow. The piles are in every case driven down to the grave 
(generally about 30 ft. to 35f€ below the surface of the 
ground), for which Po a pile engine and a 20cwt. 
monkey is used, and when this weight falling through 
26 ft. fails to drive the pile more than half an inch, the re- 
quired solidity is considered to have beenattained. Longi- 
tudinal baulks are worked on the top of the cross baulks 
at the fore end, where the piles project much above the 
ground ; and aft where, from the rise and fall of the tide 
the ground is shifting, 50 tons of chalk were also placed 
round about the ship to obviate the action of the tide. On 
the top of the cross baulks, shorter baulks are fastened, 
also of Dantzic fir, and these are surmounted with hard 
wood blocks on which the keel of the vessel rests. 
Buttresses.—In addition to the solid foundation thus ob- 
» itis a usual practice to build up at least six but- 
tresses, three on each side (in this case four on each side 
were adopted), under the bilges of the vessel. These but- 
are formed of baulks of timber, about 16 in. square 


qn — before the Institution of Naval Architects, at 








and 8 ft. long, and are laid alternately lengthwise and 
transversely, forming a solid estal 8 ft. square, and 
reaching from the ground to the underside of the bilge, 
and thus relieving a large portion of the weight of the 
ship from the blocks under the keel in the centre line. As 
a further precaution blocking is used between the ground 
and the transverse or cross blocks, so as to distribute the 
weight more sterealiy Som the centre to the side piles. 
Though the cross baulks were of Dantzic fir, as here de- 
scribed, I would remark that it would have been a t 
improvement to have used hard wood instead. ile 
ae es the vessel the entire weight (except to the extent 
relieved by the buttresses and shores) clearly is taken by 
the logs over the centre piles, and the effect on the cross 
baulks was to press them so seriously that they actually 
forced in the fibre of the wood where tenanted to the centre 
piles, and ed a deflection of the cross’baulks to the 
extent of } in.—a result due to the softness of the fir, which 
probably hard wood might have resisted. 

Inclination.—The inclination of the ship while building 
was 3 in. per foot, and the blocks were kept a sufficient 
height to allow convenient room for working under the 
vessel, and for giving additional inclination for launching. 
If this is not attended to when the keel is laid — iffi- 
culty and risk may occur when the launch has to be pre- 
pared. The launching ways are laid with a camber of 
8 in. in their length, the line being carefully set off to form 
the arc of a circle; the inclination at the top is # in. 
per foot, increasing lower down in accordance with the 
camber. 

Launching Ways.—These are of rock elm, 4 in. thick, 
bolted together and to the cross baulks on the top of the 
piles, and supported by blocking up between the piles, 
wherever they are sufficiently out of the ground to enable 
this to be done. The ways are 3ft. 8in. wide, with a 
ribbon of oak 8in. by 4 in., increased at the fore end to 
11 in. by 11 in. to receive the heel of the dog-shores on the 
outer side of each. 

Bilge Logs and Launch.—The bilge logs are of oak, each 
260 ft. long by 3ft. 1 in. wide, and are each composed of 
five e lge attached together by chains. The total area 





of the bilge logs on both sides was 1600 ft.—the launching 
weight of the Kaiser was 3500 tons—thus giving a weight 
of 2.15 tons on each superficial foot of bilge log surface. 
The Deutschland weight as launched was somewhat less, 
viz-, 3000 tons, giving a weight of 2 tons (nearly) on each 
foot of bilge log surface. The greatest weight that I find 
by ey may safely be allowed is 3 tons of weight to 
each foot of greased bilge log, surface ; anything withi 
this may be considered safe. On the top of the bilge lo 
is worked the stopping up which is composed of Dantzic 
fir timber, carefully fitted to the ship with poppets at fore 
and aftends. The tops of the poppets are li with iron 
and fitted with iron forgings abutting against the lands of 
the skin plating and secured by two iron bars, each 3} in. 
in diameter, lashed together at both ends by chains pessing 
under the fore-foot of the vessel (as shown in fhe sketch). 
The fore ends of the launching logs are also securely lashed 
together by chains and ring bolts, having fore-locks for 
disengaging after the lauuch, which is done from the deck 
of the ship. By this arrangement the fore poppets and 
launch are maintained in their places, and prevented from 
spreading out when the extra strain comes on the fore end 
of the launch at the time when the stern is lifting, and are 


easily and instantaneously disengaged and set free when 
the launch has been effected. 

Sustaining Power of Slip.—The sustaining power of 
each pile driven under the conditions before named may be 


taken, approximately, to be 30 tons (it is really more). 
The slip, therefore, under the entire ship (280 ft. long) 
would support no less than 8400 tons; but during the 
building of the ship and before the launch is laid the 
weight would have to be carried on the two centre piles 
only, and then 2400 tons only could be carried—showing 
that, with all these preparations, there would still be 
1000 tons weight to be carried by the buttresses, shores, 
and the distribution of weight doy the means previously 


f | noted) from the centre to the side piles. 


Shoring up Inside the Ship.—A tier of shores between 
the inner and outer bottom is placed over each ch, 
with shores above the inner bottom up to each deck above ; 
rarticular care is taken to shore up strongly over the 
foremost pop’ to resist the extra strain t part re- 
ceives when the vessel is partly in the water. The vessel 
received no damage or straining whatever in launching, not 
a rivet-head fell off nor did the slightest sign of injury 
show itself, and the same may be said of the numerous 
vessels launched ening last twenty-five years from the 
same works, and in which similar care (according to the 
size of the vessel), had been bestowed on the arrangements 
and carrying out of the launch. The small change of form 
of vessel before and after launching was further most 
satisfactorily pens by ascertaini hat no caulking of 
the water-tight compartments of the double bottom was 
disturbed ; the whole of the compartments (thirty-two in 
number) were tested by filling with water under pres- 
sure while the vessel was on the slip, and a repetition 
of the water testing was again made after launching, and 
every compartment found to be absolutely tight. 

Launching.—After the whole of the launch, stopping up 
poppets, &c., have been accurately fitted to the vessel, and 
about three weeks previous to the launch, the launch is 
turned out and the ways coated with hot tallow and soft 
soap, then replaced and fixed. On the day of launching, 
oil is forced between the bilge-logs and the launching ways 
through oil holes vided for the purpose, the quantities 
used being as follows, viz., for the entire operation of 
launching : tallow, 4 tons 6 cwt.; soft soap, 5 cwt.; oil, 


55 gallons. Onthe morning of launching, the was 
set up by driving in wood wedges between the logs 
and stopping up; and when the weight is so far on 
the launch, the blocks under the keel, and the bilge-blocks 
and shores are gradually removed, beginning aft 


hin ae aS eee of this sort of urging in the interest of 


leaving ten to twenty blocks, according to circumstances, 
under the fore-foot of the vessel until after the dog-shores 
are down. Cleats at the after part of the launch are pro- 
vided to assist the dog-shores till near the time of launching, 
when they are grad and carefully removed. The dog- 
shores are removed by the fall of weights—one on each side 
of 6 cwt., acting on its own ag ra and suspended over 
them by a rope round the stem. This rope is cut 
by the who launches the vessel, thus releasing the two 
weights at the same instant and insuring the two dog- 
shores being removed simultaneously. 

Hydraulic Rams for Starting Vessel.—One 60-ton ram 
was fixed at the end of each bilge log, and one 100-ton, one 
60-ton, and one 40-ton ram under the fore-foot of vessel, - 
besides a large tackle on each side led to a double purchase 
crab. These were provided in case of need to start the 
vessel, but were not required, as she began to move as soon 
as the dog-shores were down, tripping most of the blocks 
left under the fore-foot. 

Check Rope.—A hawser was fixed to the stern of the 
vessel and attached to a chain cable and anchor carried 
some distance up the stream and so arranged in length and 
position as to cant the stern of the vessel up the river as 
mon as | bp eee clear of the slip, pe Fg sae > 

nger of the vessel running on shore on the opposite sii 
of the river. By this means the vessel is also brought into 
a suitable position to be laid hold of by a tug steamer that 
is kept in readiness for that purpose ; and when so attached 
to the tow rope of the steamer, other tugs are employed 
to draw out the launch and oe 5 and clear away 
— fragments of it may still be left adhering to the 

ull. ‘ 
In conclusion, I would wish to be allowed to express a 
hope to any with less experience than myself, that no in- 
ducement however great should be accepted as sufficient 
for foregoing what to many may seem the unnecessary pre- 
cautions and the great expense that must result from 
following the plan of operations here described, after of 
course making suitable variations from it to meet the 
demands of each special case. I know in these times of 
competition, how anxious all (and especially young firms) 
are to save every expense that can possibly be avoided ; 
but it is only those who have seen the misery that failure 
in so ingees an effort in a man’s life involves, and the 
financial ruin that results from trusting to luck instead of 
to well-cultivated arrangements and caution, that can 
properly estimate the advantages of insuring success at any 
cost and care—and this induces me to take the unusual 


in the important operation of and 

launching vessels of the size and cost that they have now 

reached, te think no trouble or expense wasted that will 

— 3 success of the important accomplishment of 
eir work. 


FOREIGN: AND COLONIAL NOTES. 

Public Works in South Australia.—The erection of the 
Tipora lighthouse, South Australia, was expected to be 
comp! this month. A project has been started for 
lighting the streets of Port Adelaide with . ‘The con- 
struction of a direct railway from Adelaide to Yorke’s 
Peninsula and of a branch line from Hamley Bridge to 
Balaklava has been urged upon the attention of the Go- 
vernment of South Australia. 


: An American Artesian Well.—Charleston, South Caro- 
lina, is engaged in boring an artesian well. At the last 
dates, a depth of 1377 ft. had been reached, and 1370 ft. of 
piping had been inserted. As fast as the depth is increased 
more iping will be inserted, until a stratum has been 
pie Be sufficiently hard to render piping unnecessary. 

A Costly Belgian Map.—The Belgian Government has 
ordered the preparation—or rather the construction—of a 
new ical map of Belgium. The work will extend 
over 17 , and it will involve an expenditure of 283,100 
dols. The first instalment of the map is roposed to be 
exhibited next year at the Paris Universal Exhibition. 

Looking Far Ahead.—It is reported that the Southern 
Pacific Railroad ome has yy a 250,000 eucalyptus 
trees. The company will plant the trees along the line and 
will use the timber, when sufficiently grown, to replace 
worn-out ties. 

A Californian Suspension Bridge—The Pacific Bridge 
we are building 6 oe Mendocino County, 

, suspension bridge . from centre to cen’ 
of the sadles on the towers. pod 


Costa Rica Railways.—Work on a railway from San 
Jose de Guatemala to Escnintla is to be commenced in 
three months under the direction of Don Guillio Nanne, 
with whom are associated tain A. T. Douglas, and two 
or three of the leading capi’ of Costa Rica. 

Paris.—The revenue of the prmrecinalts of 
exceeded the esti 





and other public works. 
Coal in New South Wales.—The New South Wales 
i (Mr. J. 8. Wilkinson) has 
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The first idea of the Japanese Government acting | sent one. When completed this bridge will consist 
THE RAILWAYS OF JAPAN. sian foreign advice, 5 to construct a railway | of six spans of 94 ft. on 4 and 24 nde of 40 ft. 


In 1869, the Japanese Government, in their haste 
to adopt everything European, and to copy the 
manners and customs of Western nations, considered 
that railways must be introduced into Japan ; the 
wisdom of this determination has been practi- 


cally proved by the trafficreturns on the 67 miles of | 


railway that are now in operation, These returns 
are almost entirely from passenger traffic, there 
being water communication between the towns con- 
nected by these lines of railway, and nearly all the 
merchandise being carried in boats. When the 
Government decide on extending the present short 
railways into the interior of Japan, where there are 
only paths, and no bridges that would bear the 
weight or take the width of an English dog-cart, it 


| between Yeddo (Tokio), the present capital, and 
Osaka, a great trading place, and the second city of 
the empire, a distance of about 375 miles. We may 
| now show what has been done after eight years of 
| talk and work. 
It was decided that a gauge of 3ft. 6 in. would 
| be the most suitable, and would meet the require- 
ments of the country. In 1872 asingle line of rail- 
way, 18 miles long, was completed and opened for 
traffic between Yeddo (Tokio) and Yokohama, the 
largest treaty port, In 1874 asingle line of railway, 
20} miles long, was opened for traffic between Hiogo 
(a treaty port) and Osaka. 1n 1875 asingle branch 
line, 1} miles long, was completed from Osaka to 





Adjikawa, a place nearer the sea than Osaka; and 


The 94ft. spans are wrought-iron Warren lattice 
girders placed 22 ft. apart, and the transverse girders 
supported on the lower booms. The 40 ft. spans 
are wrought-iron plate girders, one placed under 
each rail with masonry piers. The rails for this 
line are double-headed, 60 1b. to the yard, arenes 
in cast-iron chairs on cross timber sleepers, re 
are two terminal and four intermediate stations, but 
not of a substantial character. The locomotive and 
carriage and wagon repairing shops are at Yeddo 
station. The trattic receipts on this line ameunt to 
over 100/. per mile per week, 

Nextas to the line from Hiogo to Osaka. On 
this portion, three rivers, whose waters are much 





used for irrigation purposes, have their beds several 
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is safe to assume that such lines will be profitable 
undertakings. The country is thickly populated, 
labour is both plentiful and cheap, and life and 
property are as safe as in any part of Europe. But 
for the fact of the Government prohibiting foreigners 
trading outside a radius of 25 miles from the five 
er ports, some millions of foreign capital would 
by this time have found its way into Japan by 
private enterprise alone. Difficulties of kinds 
are placed in the way of native merchants having 
dealings with foreigners, and it only requires a short 
residence in the country to learn all this; but hopes 
are entertained that some day the Government of 
the country will see the folly of their ways, and 
will allow the foreign and native merchants to trade 
freely. When the country is opened to foreigners, 
and labour can be hired by them at the same rate as 
by natives, without any Government t in- 
terfering, this fine country will certainly be inter- 
sected by railways in all directions. 





in 1876 an extension, 27 miles long, of the Hiogo 
and Osaka Railway on to Kioto (the ancient capital) 
was completed and opened for traffic. With the 
exception of the branch to Adjikawa, all these lines 
a the earthworks completed for a double line of 
rails. 

First as to the Yeddo and Yokohama line. About 
four miles of this railway were built in the Bay of 
Yeddo, at about low-water line, and this portion is 
nearly all constructed with stone pitching and well 
protected on the sea face by piling, &c. There is 
one long bridge and viaduct over the Rokugo river, 
but beyond this the bridges, though very numerous, 


are not of any r— size, All these bridges were 
constructed with masonry abutments and timber 
piers and su cture. Japanese timber decays 


rapidly, and all these bridges are being renewed (for 
double line) in brick, stone, and iron, A short de- 
‘viation has been made at the Rokugo river, in order 





that the new bridge may» e» t'lt alongside the pre- 





feet above the surrounding country, and their 
courses are confined by high banks. It was found 
necessary to take the railway under these rivers, 
Advantage was taken of the dry season, and good and 
substantial brick and masonry tunnels, well puddled 
round, were made, and through which the railway 
—— There are three long iron viaducts, with 
ollow wrought screw piles and Warren lattice 
girders ; also numerous bridges and flood openings 
with brick abutments and piers, and timber super- 
structure, but none of them of any great size. All 
the timber work is being ag with iron, - Tlie 
rails are double-headed, 60 lb. to the yard, laid on 
cast-iron pot sleepers, but these are being rapidly 
replaced with timber cross —— 3 
At Hiogo, a wrought-iron pier, 450 ft. long and 
40 ft. wide, has been constructed with three lines of 
rails running overit. Large sea-going steamers can 
by taking certain precautions come alongside this pier, 
but at present only the steamers belonging to the 
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Japanese Government make use of it. There are 
also passenger and goods stations, locomotive and 
carriage and wagon shops at this place. The build- 
ings are mostly of iron, with corrugated roofs and 
sides. A new sawmill and wood-working machinery, 
with a 40-horse power engine to work the same. 
are now being erected for carriage and wagon build- 
ing. There are four intermediate stations, mostly 
of brick and timber covered ways. At Osaka the 
station is large and commodious, substantially built 
of brick and stone. The traffic at this place is very 
large. Osaka, sometimes called the Venice of the 
Far East, is intersected by rivers and canals in all 
directions, and nearly all the produce and merchan- 
dise is conveyed by water; to meet this a large 
dock and wharf are now being made alongside the 
railway station; great results are expected from 
this work, and it will enable the authorities to 
close the branch line to Adjikawa, now being worked 
at aloss. The traffic receipts on the Hiogo and 
Osaka line amount to about 60/. per mile per week. 

On the Osaka to Kioto section, of which we may 
speak next, all the bridges and viaducts have been 
constructed in the most substantial manner of brick, 
stone, and iron. There are three river viaducts, one 
of five openings, one of eleven openings, and one of 
twelve openings, each opening being 100 ft. from 
centre to centre of piers, The piers are of brick 
with stone quoins ol cutwaters supported on brick 
wells 12 ft. in diameter, The girders are of wrought- 
iron on the Warren principle, with cross girders 
fastened to the lower booms. There are numerous 
flood viaducts, some of brick arching and others 
with piers on brick wells, and wrought-iron plate 
girders 36ft. span. The bridges and culverts are 
very numerous on this section of railway. 

‘The rails are of the Vignoles section, 60 1b. to the 
yard, secured to timber cross sleepers by coach screws 
and dog spikes. 

There are five intermediate stations, the platforms 
are substantially built, but the buildings are merely 
temporary shanties. The station at Kioto is a very 
substantial and commodious building of red brick 
and dressed granite strings and facings, with a clock 
and bell tower. The entrance portico is under the 
clock tower. 

The traffic on this section of railway amounts to 
about 50/. per mile per week. 

On all these railways there are no gradients 
worth considering, and the curves are not sharper 
than 20 chains radius, 

There are about 40 locomotives, 180 carriages 
and brake vans, &c., and 220 trucks and wagons, 
on these 67 miles of railway. The locomotives are 
of five or six different types, both tank and tender 
engines. The carriages are of the ordinary type, 
rather short in the body. Some new third-class 
carriages are now being introduced ; these carriages 
are 50 ft. long, and each end is supported on a 
bogie; one of them has been running for some 
months with satisfactory results. The wagons are 
mostly covered in. 

Thus starting with the intention of constructing 
a trunk line of railway 375 miles long, the Japanese 
have broken down after completing 67 miles. It is 
fair to say that about 130 miles additional have 
been staked out, the working drawings prepared, 
and a large extent of country beyond carefully ex- 
amined. When the Japanese will commence again it 
is hard to say. They announce officially that it will 
not be for some timetocome. The taxation to pay 
for the different foreign notions has been so heavy, 
that the country in some places is in open rebellion. 
The cost of the present railways has been very great, 
perhaps three times what they would have cost had 
they been built by English contractors. Good and 
substantial railways could be built in Japan at an 
average cost of 10,000/. per mile, including the 
equipment, and with economical working would 
return a good dividend. 





Tue Stmpton TunneEL.—Preliminary surveys are bein: 
made in connexion with the cutting of the Simplon Tunne 
and the construction of the necessary approaches. The 
total length of the tunnel and the approaches is estimated 
at 29§ miles. There will be an international station at 
Brigue at the entrance of the tunnel, which will emerge 
again at Isella. 


Tus Frence Navy.—The French Mediterranean squa- 
dron, consisting of eight ironclads and a despatch boat, has 
returned to Toulon from a cruise in the south, after having 
visited La Cidat, Marseilles, &c. In passing in by the 
Goulet, the fleet fired all its guns as if it had to force an 
any paeee line of torpedoes. beeen — were repre- 
sen’ electrical apparatus prepared for the purpose and 











THE INSTITUTE OF NAVAL 
ARCHITECTS. 

WE now resume our account of the last week’s 
meeting of the Institute of Naval Architects at 
Glasgow, the first day’s proceedings having been 
dealt with in our last issue. The first paper read at 
Wednesday’s meeting was by Mr. J. R. Ravenhill 
on ** Our Commercial Marine Steam Fleet in 1877.” 
This we shall print in extenso; it was statistical and 
not critical, containing a good deal of valuable in- 
formation which the author must have been at some 
trouble to collect. It contained also a suggestion 
that some arrangement should be made by which 
junior engineers in the Royal Navy should obtain 
some experience—if only for a year or so—in the 
hard-pressed and continuously-worked engines 
of the merchant marine. Mr. Kirk rose at once to 
express his cordial concurrence with this suggestion 
and the hope that the “ hopeless difficulties” which 
surrounded it might not be found so insurmount- 
able as they appeared. Mr. William Denny, in car- 
rying on the discussion, alluded to Mr. Ravenhill’s 
employment of De Rusett’s formula, which contains 
the 2.3rd power of the velocity, and doubted its 
trustworthiness in many ordinary conditions of 
practice. At speeds of 10 and 11 knots, he believed 
that the third or fourth power — sometimes a 
higher one—of the velocity ought often to be taken. 
He thought it of more value as a criterion of work- 
ing to have the integrated horse power for the 
voyage than the coal consumed, and wished this 
could be more frequently and conveniently obtained. 
Mr. E. J. Reed took Mr. Kirk jocularly to task, 
saying that there were quite enough officials to talk 
about ‘hopeless difficulties” in the way of altera- 
tions, and that it would never do for outsiders to 
speak in that strain. For himself, he did not believe 
that any such difficulties existed in the way of carry- 
ing out the scheme suggested by Mr. Ravenhill. 
‘‘ All that was necessary was that some person with 
the power and authority to have it done should order 
it, und it would be done at once.” Differing from 
Mr. Denny, he thought the coal consumed formed,, 
with the cargo carried, a far better criterion of per- 
formance than the indicated horse power, among 
other reasons because it more equally involved all 
parties concerned, builders, owners, and engineers, 
and made itless easy to throw the blame of non- 
performance of expected work upon the wrong 
shoulders. Mr. E. A. Cartlar mentioned, if we 
heard him rightly, that the run out of the Germanic, 
referred to by Mr. Ravenhill as the fastest on 
record, had since been surpassed by the Britannic, 
which had made the passage in 7 days 10 hours 
53 minutes, about three quarters of an hour less 
than the Germanic. 

Mr. Ravenhill, in replying, alluding to a com- 
parison made by Mr. Reel between the Shah and 
Inconstant and the fast merchant vessels described 
—a comparison which, by the way, seemed to us 
somewhat mis:leading—adverted to the great ad- 
vantages which, he believed, would be gained by 
keeping a few officers for long periods on the same 
ship ; a system to which much of the success of the 
Peninsular and Oriental Steamship Company was 
due. He wished it could be more largely adopted 
in the Royal Navy. 

Mr. A. C. Kirk’s paper “ On the Effect of Punch- 
ing on Iron and Steel Plates” was a short and care- 
fully written account of experiments made by the 
author on a subject of which the importance to en- 
gineers increases every day. We have much pleasure 
in pubiishing it in full elsewhere. Mr. Martell 
opened the discussion by asking for some further 
particulars as to the description of steel used, re- 
ferring to the statement that bad been made as to 
the Landore steel being entirely independent of 
annealing after punching. Mr. W. Parker asked 
what reduction in weight Mr. Kirk would make by 
using steel instead of iron in boilers. Mr. J. D’A. 
Samuda stated his own belief in the matter to be 
that there was no difference in tue way in which 
mage affected steel and iron; there was a similar 
oss of strength in each case. and in both cases this 
could probably be best avoided by cleaning out the 
punched hole with a drill—nothing more was neces- 
sary. Mr. Scott Russell, speaking especially of 
ships’ plates which had to be flush rivetted, seemed 
at first to deprecate drilling a countersink, and to 
think all countersinking and coning better done in 
the punching operations at once than by after 
boring, but later on in his speech we understood 
him to advocate boring out holes already punched 


whether Mr. Kirk had used iron or steel rivets, and 
whether he had found it advisable to plunge Landore 
plates into water after heating them or not. ‘Taking 
up the questions which had been put to him Mr, 
Kirk replied that the thin plates of his experiments 
were taken at random from those sent into Messrs, 
Elder’s yard for the steel corvettes now building 
there. Of the steel supplied for these vessels half 
was Bessemer and half Siemens, and he had found 
no difference between the two qualities as regarded 
the points on which he had been experimenting. 
Both were soft steel, having a tenacity of 25 to 26 
tons per square inch. The boiler steel used in the 
experiments had about the same proportional ex- 
tensibility but was somewhat stronger, having a 
tenacity of 28 to 30 tons, The steels were very 
uniform and all doubled close cold without fracture. 
As to the question of the saving in weight by the 
use of this steel in boilers, the result of prolonged 
negotiation with the Board of Trade was practically 
that they eventually agreed to accept the steel at 
its tested strength, 28 to 30 tons, and the boilers 
were designed for this, The saving in weight was 
therefore just what corresponded to the ratio in 
which this tenacity exceeded that of ordinary boiler 
plates. He had used iron rivets, and caused some 
amusement by saying that his reason for doing so 
| had been that it was quite difficult enough to carry 
|through one novelty at a time, the introduction of 
the steel plates had kept his hands quite full with- 
out meddling with steel rivets at the same time. He 
;did not find that heating red hot and cooling in 
water produced any appreciable effect on the plates 
with which he had been dealing. Where these were 
reheated they were simply allowed to cool at their 
own rate in air. 

Lord Hampton announced that an anonymous 
donor had offered a gold medal for the best paper on 
marine boilers that should be read at the Glasgow 
meeting of the Institute, and on the list there were 
two papers on the subject. The medal would, there. 
fore, be given to that paper of these two which the 
Council considered most worthy of it. The com- 
petition, if we may use the word, for the medal was 
not limited to members or associates of the Institute, 
and it is to be regretted that its existence was 
not sufficiently generally known to insure some 
papers being sent in which were more worthy of the 
subject. The first paper read, ‘‘ Marine Steam 
Boilers: their Design, Construction, Operation, and 
Wear,” was by Mr. C. H. Haswell, of New York. 
It consisted partly of remarks about boiler design 
whose language and triteness not unfrequently ex- 
cited a smile, partly of ‘‘ rules”, recommended by the 
author. We may quote the first of the latter asa 
sample of the whole. It applies to a ‘‘ marine steam 
boiler with multi-fire tubular return,” and runs as 
follows : 

‘* For a combustion of 16 lb. of bituminous coal 
per hour, with a depth upon the grates not exceed- 
ing 9 in., heating surface 36 times the area of the 
grates, and with fresh water. (When salt water is 
used one-twelfth is to be added to the surface). 

‘* Volume of water from and at 212 deg. 


10 C+ 25=V, and by inversion” — 35 C, C repre- 





senting the coal in pounds per square foot of grate per 
hour, and V the volume of water evaporised in 
pounds,” Even if we saw our way to express a volume 
in pounds, we confess our total inability to make any- 
thing whatever of the rest of the formula. We are 
not much helped in the scale difficulty by the follow- 
ing: ‘* There are several kinds of material in 
use des‘gned for introduction in a boiler to arrest 
the induration of the deposits from impure or salt 
water, and all appear tobe equally indorsed, In 
my experience some of these materials, if judiciously 
introduced, both as to time and quantity, will effect 
the purpose that is claimed for them.” Nor will 
the following ‘‘ General Note,” given without any 
qualification, help much in boiler design : ** For use 
in salt water the thickness of plates, and the 
diameter and area [sic]of bolts and stays should be 
increased one-sixth.” Considering all things, it 
will be kindest to say no more about Mr, Haswell’s 
paper. ‘That which followed (‘* The Strength of 
Boilers”), by Mr. J. Milton (surveyor to Lloyd's 
Registry), was certainly of a. different kind, 
and if it was essential that the medal referred to 
should be given at this meetiug, and not reserved, 
it was fully deserving of it, But there is little in 
it but what is very familiar indeed to engineers, 
except some points which seem open to question, We 





with what cone they would take. Mr. West asked 


are very sorry that, under the circumstances, the 
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author did not devote his unquestionable ability to 
a thorough investigation of some branch of his sub- 
ject, to our knowledge of which he might then have 
made some real addition, instead of giving a mere 
summary of very well-known facts and phenomena. 
Among well-known facts, however, we cannot class 
those in the first two sentences of Mr, Milton's paper. 
We never heard any ‘‘scientific man” (except Mr. 
Scott Russell) say that we were even now “ only 
converting about one-tenth of the available heat 
of coal into work.” Nor can we admit that ‘the 
only practicable way of still further economising 
fuel appears to be in expanding still more.” 

The discussion on these two papers and Mr. Scott 
Russell’s, which followed, was taken’ together, but 
as no remarks were made on the latter we may 
summarise the discussion here. Mr. Kirk gave his 
opinion that in the case of an ordinary dome it was 
possible to prevent sensible weakening of the boiler 
shell, while a bottle-necked dome was always a 
doubtful affair, but he would much sooner see the 
dome capacity put in the boiler wherever that was 
feasible. He did not draw the conclusion from the 
Portsmouth experiments that all stays should have 
nuts, which would in many cases be very incon- 
venient, but rather that stays should be so spaced 
that there might be no risk of deflection of the 
plate. Asa practical rule the pitch of. stays for a 
given plate should be nearly inversely as the pres- 
sure. It wasnouse to try to prevent the alteration 
of form caused by unequal temperatures—to attempt 
to stiffen the shell or the furnace against it was 
worse than useless~the boiler ends should be 
allowed sufficient elasticity for such changes to take 
place without causing stress in the material. Pro- 
fessor James Thomson objected to the popular use 
of the expression “factor of safety,” he considered 
that safety meant really “ knowledge of sufficiency,” 
and that the only real ‘factor of safety” of a boiler 
is the ratio in which its working pressure is exceeded 
by the greatest load to which it has. been tested. 
Mr. Macfarlane Gray advocated the testing of boilers 
to three times their working pressure, not believing 
that the material would be in the least injured by 
the stress to which it would be thus subjected. Mr, 
Thomas Davison mentioned the practice of axnual 
tests carried out in France .and in America (and 
also, unless we are mistaken, in our own Navy), and 
believed: that this system would reduc? chances of 
boiler explosion to a minimum, He cited some ex- 
periments recently made for him by Mr, Kirkaldy, in 
which the unbroken part of broken bars was always 
—in very various qualities of iron—a great deal 
stronger’ than the bar had been originally, in the 
average about 10 per cent, but in some cases much 
more. Mr. Samson considered a test load of twice 
the working pressure quite sufficient, when in three 
boiler-bursting experiments which had been carried 
out during the past year in Glasgow the real factor 
of safety had turned out to be only about 43. He 
was however taken to task at once for omitting to 
mention that the tested boilers were old ones, each 
of which had done a good many years’ work—a 
rather important point in reference to a factor based 
on their original working pressure. In his reply, 
Mr. Milton said that he believed it would be quite 
safe to test boilers to three times their working 
pressure if they were designed with a factor of 
safety of four. 

The business of Wednesday concluded with a 
paper by Mr. Scott Russell on ‘ The Boilers and 
Engines of our Future Fleet.” We can hardly yet 
make up our minds that this paper or speech was 
not intended as an elaborate Ae, but as it has been 
very fully reported in the Glasgow papers, without 
any correction by the author (it was not printed 
beforehand), we are forced to the conclusion that it 
was intended as seriously as it was spoken, There 
was nothing new in the statement that we were 
only utilising in our steam engines from 7 to 10 
per cent. of the energy contained in our fuel— 
although Mr, Scott Russell's several times repeated 
slip of pounds for foot-pounds sounded rather queer— 
but our breath was fairly taken away when we found 
that the ‘‘ engines and boilers of the future” were 
somehow or other to utilise nearly, if not all, of the 
remaining 90 per cent.! There was no mistake about 
it, however, for the author spoke with great de- 
liberation, and repeated it several times. Moreover, 
the existing loss was very neatly apportioned out to 
different causes—in the waste heat sent up the 
chimney there was a loss of 50 per cent.—a further 
loss of 50 per cent. on that by the water sent into the 
aire? and again a loss of 50 per cent. on that by 
fall of temperature during expansion, &c. It is not 





possible that it can be necessary to remind Mr. 
Scott Russell of other investigations which have 
given us results as certain, and, we thought, as well 
known even as Joule’s. Whatever way we choose 
for converting heat energy into mechanical work we 
cannot utilise a greater proportion of the heat given 
out by our source of energy than is represented by 
the ratio of our working range of temperature to 
the absolute temperature at which heat is received 
by the body which we choose as a vehicle for the 
transformation of energy. If this body be steam, 
and if its initial pressure be 75 lb. above the 
atmosphere, its highest temperature is about 
780 deg. Absolute. We often work with a con- 
denser temperature of, say, 590 deg. Absolute 
(130 deg. Fabr.) Under these conditions it is, 
therefore, theoretically possible for us to convert 


ase =0.24, or nearly a quarter of all the heat 
given to the steam into work, it is not even theoreti- 
cally possible for us to utilise a fraction more, At 
present a very good engine and boiler may combine, 
as Mr. Scott Russell says, to utilise about 0.1 of the 
whole heat of combustion, and under these cir- 
cumstances will consume about 2 Jb. of coal per 
horse power per hour, If such an engine were 
perfect it would therefore use }¢ of 2 Ib., or say 0.8 
of a pound of coal per indicated horse power per 
hour, But this supposes the absolute theoretical 
limit of perfection to be attained. In spite of this 
Mr. Scott Russell holds forth to us a prospect of 
working at } of a pound per indicated horse power, 
and actually proceeded to describe a boiler (he very 
wisely shirked the engine) which would enable us to 
work at an eighth of our present consumption, or 
0.25 of a pound of coal per indicated horse power 
per hour! On his own figures this corresponds to 
an efficiency of about 80 per cent., and if we take 
the lowest limit of working temperature, just for the 
sake of illustration, at 40 deg. Fahr., or say 500 deg. 
Absolute, we find at once that the highest limit must 
be over 2000 deg. Fahr. to allow us to reach (even 
in theory, to say nothing of practice) such an 
efficiency. We did not gather that this was an 
essential part of the Plan betas This plan we 
may briefly describe as follows :” First of all there 
is to be a boiler (we reproduce Mr, Scott Russell's 
black-board sketch—the furnace was put in the 
middle just to show that no one’s — boiler 
is supposed), which is to be full of water, and in 
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which the water is to be raised to the desired tem- 
perature. This boiler communicates by a small 
opening with a steam receiver A. At this opening 
a fresh portion of water is continually ‘flashing 
into steam, and in flashing into steam it would, for 
he had put his hand into it, become perfectly cold.” 
In this cold steam receiver the steam drops all the 
solid impurities it has carried up with it from the 
boiler. There is, therefore, no deposit whatever in 
the boiler. The furnace is closed (the author gave 
us a digression on the enormous advantages to 
be gained by closing it with a coned end), and 
the combustion carried on under pressure. The 
gases are then taken to a separate chamber B 
communicating by a valve with the steam chamber. 
The steam was too cold to use, the gases were 
too hot, but “if they made the calculations upon 
the data which he had given, they would find 
that the heat in this chamber was just what 
was; wanted to generate double power in the steam 
chamber, and that the moisture in the steam chamber 
was just what was wanted to double the power 
in the air chamber. They had only, therefore, to 
let one of these chambers communicate with the 
other, and by means of a regulating cock they 
might let as much heat as they pleased go out of 
the air chamber into the steam chamber, and as 
much wet go out of the steam chamber into the 
air chamber,” We have often enough heard of a 
‘‘smoke and steam” engine—but we never fully 
understood its advantages before—we scarcely 
realise them yet! Mr, Scott Russell said that 
‘“*he was perfectly prepared to have’ gone into 
every detail of construction and arrangement if 





time had allowed.” No doubt they will in due time 
be published. Meantime we shall only say that 
it is hardly fair to spring a mine of this kind upon 
us so suddenly ; when a gentleman makes statements 
of a most extraordinary kind, at variance with all 
received opinion on a most important subject, it 
seems the least he can do to his audience is to give 
them some clue to the train of reasoning which has 
led him to his results, and some experimental basis 
for his asserted facts. No doubt these were con- 
tained in the bundle of papers which Mr. Scott 
Russell showed Lord Hampton, but as outsiders 
got no inkling of their contents, it is scarcely to 
be wondered at that sceptical remarks on the 
‘Romance of Steam” were freely exchanged in the 
train which conveyed members of the Institute 
down to Dunbarton in the afternoon. 
The first pepe read on Wedne 

Martell (Chief Surveyor to Lloyd's Registry), on 
“Water Baliast.” ‘lhe author first examined the 
advantages of carrying water ballast, and then gave 
a brief historical and critical description of the dif- 
ferent constructions adopted for carrying it. We 
are glad to be able ‘to reproduce elsewhere his 
paper end diagrams. _Mr.: Scott Russell was 
strongly opposed to making double. bottoms the 
rule, chiefly on account of their inaccessibility. He 
preferred to make a ‘vessel with one water-tight 
compartment or hold, to take exactly as much water 
as was required to keep her in trim when light. In 
the Great Eastern he had certainly used a double 
bottom—for the sake of strength—but ‘‘ there was 
no cellular space in the Great. Eastern through 
which @ man could not walk and do bis work all the 
while.” Mr, Inglis (Junior) seemed very disap- 
pointed. that Mr. Martell had not gone into more 
detailed criticism; and especially that he had not 
told his hearers which plans for carrying water 
ballast were specially approved by Lloyd’s, and 
Mr. Lyall (of Liveepoots made some remarks 
in the bg phy an orem oc pl 
expressed himself strongly, and. we think very 
rightly, opposed. to the idea of Lloyd's Registry 
recommen any one particular construction as 
that which they preferred. _He pranen the critical 

tion of different types given by Mr. Martell 
far more yaluable than a particular commendation 
or description of anyone form. He had built a 
vessel with a ballast hold, such as was mentioned 


- was by Mr. 


by Mr. Scott Russell, five and twenty years ago, 
and she was running now. He had used the plan 
{since then, also, with success, but believed that it 
was applicable chiefly, if not alone, to cases where a 


vessel was engaged in a general trade, not where 
its trade was special and always the same, as with 
colliers, The double bottom could be easily made 
accessible enough, and there was no difficulty 
about making up the loss of strength due to cutting 
the frames if that became necessary, In the side 
joints, however, he would avoid the use of plugs, or 
indeed anything that was not absolute water-tight 
caulking. Mr. West had found some trouble to occur 
occasionally from the imperfect connexion of the 
keelsons and the floors, on account of the large area 
subjected to water pressure when the vessel was 
sailing under water ballast, and this Mr. Mumford 
corroborated. Mr. Austin said that in connexion 
with his firm’s system of construction (Figs, 14and 15 
in Mr, Martell’s diagrams) they had no trouble as to 
inaccessibility. ‘The water-tight hold plan was open 
to objection in certain cases on account of wetting 
the cargo, but the whole question was to a great 
extent a shipowner’s one, the best construction in 
any given case depending very much indeed on the 
trade for which the ship was intended, Mr; E, J. 
Reed said he had been somewhat staggered by the 
statement about the Great Eastern which we men- 
tioned above,- and elicited from Mr. Scott Russell, 
amid some laughter, the fact that her two skins 
were 3 ft. apart. He particularly liked Messrs. 
Austin and Hunter's method, thinking it structurally 
sound and good, while it had great comparative 
accessibility. He further expressed himself specially 

leased with the manner as well as the matter of 

r. Martell’s paper, in answer to some of those 
critics who had been sorry that he did not take up 
the subject from another point of view. A geutle- 
man whose name escaped us suggested that Mr. 
West’s difficulties had possibly risen from the air 
pipe getting full of water, and thus putting a pres- 
sure due to some 25 ft. of head on the tank. He 
thought that there should always be an open over- 
flow pipe of 2 ft. or 3 ft. high to guard against the 
possibility of this. Mr, Martell in replying said 





that, considering the extent to which the double 
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bottom system had been carried out in the whole 
north-east of England, he feared Mr, Scott Russell’s 
recommendation on the subject would go for very 
little. In some cases serious danger had arisen 
from the use of water ballast holds, but in others, 
more in large ships than in small ones, it no doubt 
had advantages. As to recommending any par- 
ticular system of construction, he feared that had 
he done so he would have been subjected to far 
more severe criticism than he had now encountered 
from the opposite cause. Asa matter of fact, ail 
the systems shown could, practically, be made to 
work well enough; he thought that their great 
variety was an excellent illustration of the readiness 
of Lloyd's to accept all sorts of designs if only they 
did not contravene their rules. 

The two following papers, Mr. W. J. Millar's 
“On the Propulsion of Vessels,” which we shall 
print in full, and Mr. James Howden’s, ‘‘ On the 
Screw Propeller,” did not elicit a discussion of any 
importance, Perhaps the gentleman last named 
would find some satisfaction as to the ‘ centri- 
fugal action” which seems to worry him froma study 
of Mr. Cotterill’s papers in the Annual of the 
School of Naval Architecture for 1872 and 1873. 
These papers, indeed, form far the best contribu- 
tion to our knowledge of the subject which has yet 
been published in an elementary form. We wish 
their author saw his way to completing them and 
publishing them separately. 

The next paper read was on “The Course of 
Study in the Royal Naval College, Greenwich,” with 
illustrations of the werk done by the students, by 
Mr. W. H. White, of the Admiralty. This paper 
was certainly one of the most important read at 
Glasgow, and we hope to be able to publish it shortly 
with its illustrations, Very unfortunately it was 
read only from manuscript, and the local reporters 
did not take the trouble to give a readable abstract 
of it, so that the Glasgow folk in general, whom it 
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concerne 1 much more intimately than most of the 
matters taken up by the meeting, can know nothing 
of its contents. We shall probably have something 
to say on the subject on a future occasion, our space 
will not allow us to touch onit here. Mr. Raven- 
hill made the suggestion that copies of the paper, 
as soon as it was printed, should be sent to all the 
members of the Institution of Engineers and Ship- 
builders in Scotland, and the suggestion was at 
once agreed to. The Institute of Naval Architects 
could, indeed, hardly do better than give the paper 
a much wider circulation than that implied in Mr. 
Ravenhill’s suggestion. We fear that its contents 
will be of the nature of news to nineteen out of 
twenty even of those most closely concerned with the 

ractical business of shipbuilding. Lord Hampton, 
Mr. E. J. Reed, and Mr, Svott Russell, having said a 
few words corroborating Mr. White’s statements, 
Mr. William Denny gave the most satisfactory proof 
that at least one shipbuilding firm on the Clyde was 
awake to the advantages of the Naval School, by 
saying that his own firm had decided to send up one 
pupil to it and perhaps two. 

The last paper read was m heme Simons, of Ren- 
frew, ‘‘On Improvements in Dredging,” a paper by 
Mr, F. P. Purvis, which was on the programme, being 
pateeses to the next meeting of the Institute. 
Mr. Simons’ paper was simply a description of a 
system of working with a combined steam hopper 
and dredger which he had patented and introduced on 
a somewhat large scale. e has made some of these 
vessels as large as 182 ft, by 38 ft. by 13 ft. 6in., with 
1000 tons hopper capacity, and twin screw engines of 
100 horse power nominal, and claims for them (as 
occasionally patentees do for their own inventions) 
enormous saving as compared with the ordinary 
methods of working by separate steam hoppers. 
Time did not allow of any discussion on this paper 
and the meeting broke up with the usual votes of 
thanks. 
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The excellent attendance with which the meeting 
commenced was fully kept up to the end, and in 
every way the meeting seems to have been a success. 
No doubt this was greatly due to the cordial recep- 
tion given to the Naval Architects by the Institute 
of Engineers and Shipbuilders in Scotland, and the 
excellent arrangements which that Society had made 
for them through its secretary, Mr. W. J. Millar. 
The Institution not only provided lunch for their 
visitors every day, but entertained them at a great 
dinner on Wednesday evening, at which over 200 
sat down; Mr. R. Bruce Bell presiding, and Professor 
James Thomson, Mr. Jamieson, and Mr, Mansel 
being assistant chairmen. The excellent rooms in 
which the meetings and the dinner were held were 
the Corporation Galleries, put at the disposal of the 
Institute by the municipal authorities of Glasgow. 

We understand that at a meeting of the Council 
of the Institute of Naval Architects it was resolved 
to accept an invitation which had been received 
from Newcastle to visit that city next autumn. 

Space compels us to give but a brief account of 
some of the works visited by the members on the 
afternoons of the days of meeting. Most of the 
principal yards and works in and about Glasgow 
were thrown open for the inspection of the visitors, 
but time allowed visits to be made only to two or 
three of them, the majority going to see the Fair- 
field Works, the Nelson and the Northampton on 
Tuesday, the Dunbarton shipyards on Wednesday, 
and the works of the Steel Company of Scotland on 
Thursday. 


Messrs, JOHN ELDER AND Co.’s WORKS. 

In the Fairfield Works there was quite enough of 
interest to repay a longer visit than’ the time at our 
disposal allowed. Messrs. Elder are building six 
steel corvettes for our own Government, two large 
vessels for the Dutch Company which works the 
| Queenborough and Flushing line, and two others 
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(of steel throughout) for the London, Brighton, and 
South Coast Railway, to run between Newhaven 
and Dieppe, and they are also making the engines 
for all these vessels. Few of the vessels are far ad- 
vanced yet, for of course all work on the Clyde has 
been terribly kept back by the recent lock-out and 
strike. The steel for the corvettes is English—partly 
coming from Cammell and partly from the Landore 
Company we understand—while the Steel Company 
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of Scotland supplies the material for the London and 
Brighton boats. This steel is very highly spoken 
of by those who are using it. We may just mention 
in passing one feature of the corvettes which may not 
be generally known to our readers—each vessel is 
fitted with two rudders, one in the usual position and 
one forward of the stern-post and entirely below the 
stern-pipe. The latter rudder is of course intended for 
use in case of the former being disabled by a shot, 
and its post is necessarily placed as much out of the 
centre line of the ship as has been required to clear 
the stern-pipe. The engines of the corvettes are of 
the return connecting-rod type, with three cylinders, 
one high-pressure and two (equal) low-pressure ones, 
In order, we suppose, to get the high-pressure piston 
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rods as far out as possible the plan has been adopted 
of forging their ends into a foot, secured to the 
front of the piston with screws. This allows them 
to be got much nearer the edge of the piston than 
would be possible if they were carried through in 
the usual way. ll the piston rods are fastened in 
the same way, and the pistons have each a trunk at 
the back to help to take their weight, The engines 
of the Dutch boats are oscillating compounds, with 
cylinders of 59 in. and 103 in. in diameter, and 7 ft. 
stroke. The air-pumps are worked, through levers, 
from an eccentric on the intermediate shaft. Each 
pair of engines has four boilers, with three 4 ft. 6 in. 
furnaces in each, each furnace being stiffened by 
two double rings, partly of bar and partly of ang'e 
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iron. The paddle wheels (feathering) for these 
boats are fitted with floats of ? in. plate just so much 
dished as to occupy a space equal to the thickness of 
such a wooden float as would commonly be used in 
their place. The engines of the London, Brighton, 
and South Coast boats are to be of a somewhat 
novel design; they are not, however, in the erect- 
ing shop yet. They are compound engines, with 
cylinders 48 in. and 83 in. in diameter, and 
5 ft. stroke. The low-pressure cylinder is placed 
horizontally, and the high-pressure directly above 
it sloping downwards to the shaft. One works 
directly on a port, and the other on a starboard 
crank, and the two cranks are connected by a 
drag link, the angle between them being the diffe- 
rence between 90 deg. and the angle made by the 
axis of the cylinders. The cranks are thus virtually 
at right angles. The condeaser and pumps are 
arranged below the cylinders, the latter being 
worked by levers from the crosshead. Steam is to 
be supplied to each engine by four cylindrical two- 
furnace boilera, two 11 ft. 7 in. in diameter by 
7 ft. 9in. long, two 10 ft.4 in. in diameter by 
7 ft. 6 in. long. Space will not allow us to say any- 
thing of Messrs. Elder's splendid erecting shop, one 
of the finest in existence. It itself is well worth a 
visit, quite independently of any interest which may 
attach to the work going on in it. 


Tue ‘* NELSON” AND ‘‘ NORTHAMPTON.” 

These two sister ships were lying together at 
Govan, and considerable curiosity was naturally felt 
to utilise such av exceptionally good opportunity for 
comparing the work of different builders and engi- 
neers, h ship, it may be remembered, is a twin 
ecrew ram of 4670 tous, and 1000 nominal horse 
power, carrying 14 guns in a central battery. Four 
of these only (18-ton guns), which have fore and 
aft fire, are protected by armour (9 in. thick), the 
middle part of the battery being unarmoured. The 
Nelson has been built and engined by John Elder 
and Co., the Northampton was built by Napier and 
engined by Penn, Although the engines of the two 
vessels are twin screws and have the same power, 
it almost looks as if the engineers had done their 
utmost to wake the contrast between them as great 
as possible. Elder's engines are vertical inverted 
compounds, with piston valves. Each cylinder is 
supported by four wrought-iron columns, two cylin- 
drical, as usual, the other two partly of channel sec- 
tion and serving as guides for the crosshead slippers. 
The bedplate, or what takes its place, is of wrought 
irou also, The condenser (vertical tubes) is of 
rivetted brass plates, resting on a wrought-iron 
bottom. For stiffening athwartships there is at each 
end of the engines a wrought-iron X frame ex- 
tending right across the ship from one pair of engines 
to the other, and in addition each front column has 
a small diagonal stiffener to the bedplate. Longi- 
tudinal stays (wrought-iron bars in cast-iron shells) 
connecting the upper part of the engines to the hull 
seem to be considered all that is required to give 
stiffness fore and aft. ‘The valve gear is somewhat 
of the Allan type; very short eccentric rods are 
connected to a link of large radius, and the valve 
spindle is worked from this by a long connecting 
rod, In linking up, this rod and the link are moved 
simultaneously, as in the Allan gear. The starting 
platforms are low down at the forward end of the 
engines. 

The Northampton’s engines are vertical and in- 
verted, but not compound, each having three equal 
cylinders, Each cylinder rests on wrought-iron 
columns in front (i.e., on the side nearest the centre 
of the ship) and on cast-iron columns behind; each 
has a main slide and an expansion valve, each valve 
having its own link motion, All the principal parts 
of the machinery are thus repeated six times. The 
starting platforms are about midway up the engines 
and placed between them, with direct communica- 
tion between the two, through the longitudinal bulk. 
head. The engines are so arranged that they can 
be worked as compounds (one high-pressure and 
two low-pressure cylinders) if it be required for any 
reason to do so. 

In each vessel there are ten boilers, placed in fives 
back to back, and fired from the wings. The 
stokehole on each side is divided into two parts by 
a water-tight bulkhead, so that there are in all four 
etokeholes, 

‘The Northampton’s engines have been at work at 
half speed, and the Nelson's have been turned 
round ander steam, Their trials at sea cannot fail 
to give interesting information, not only as to the 
relative performances of such different types of 





engine, but also as to the stiffness under the pitch- 
ing and vibration of ordinary work, of the North- 
Country engines, where such special efforts have 
been made to cut down the weights, and where the 
design is in many respects so novel, 


Tue Surpsurtpine YarDs AT DUNBARTON. 

On Wednesday a large party of visitors accepted 
Messrs. Denny Brothers’ invitation to lunch at 
Dunbarton, and went down immediately after the 
meeting was over. Immediately after their arrival 
a large vessel was Jaunched from the yard of Messrs. 
Birrell and Stenhouse, just opposite that of our 
hosts. In Messrs. Denny’s yard the most interest- 
ing object was certainly a light draught paddle 
steamer (one of a number made by the firm) for 
Indian river navigation. She is to draw 5 ft. of 
water (their Irrawaddy boats drew only 3 ft. 6 on 
and is strengthened by a longitudinal bulkhe 
extending through her whole length amidships. 
Her main deck is plated, and has no fixed bulwarks, 
so that a bullock cart may be put on anywhere. 
The beams of the upper deck, which is for carrying 
coolies, are praised | entirely by hollow wrought- 
iron columns, extending upwards from the sides of 
the vessel, and above these again lighter columns 
are raised to carry a wooden ceiling, which is found 
necessary to keep off the sun. The vessel not only 
takes its own load, cargo and coolies, but also tows 
two or more loaded flats with it. One of these was 
in frame in the yard; Messrs. Denny are making 
them now with spoon-shaped (ellipsoidal) bows, on 
the assurance of the captains in charge that they 
have found boats of this kind immensely easier to 
tow at their usual speeds than boats of the ordinary 
form. The wood-working machinery in Messrs. 
Denny’s yard was in many respects very in- 
teresting, but we must pass it over with a mere 
mention. 

In the yard of Messrs, Archd. McMillan and Son 
there was at work one of Mr. John McMillan’s 
steam rivetting machines. ‘The firm have now half 
a dozen of these machines, which can be moved 
about to any part of a vessel, and which do excellent 
work. ‘They were designed—as so many other 
machines have been—to meet a labour difficulty, 
and although not as yet cheaper in their operation 
than hand labour, do considerably better work. 
Probably enough longer use will show how they 
may also be enabled to do the work at less cost. 
We understand that on occasion one of these 
machines has put down as many as sixty rivets in 
half an hour. 


Tue Works oF THE STEEL CoMPANY OF SCOTLAND, 


These works are at Newtown, near Cambuslang. 
They are exclusively devoted to the manufacture of 
steel by the Siemens process, and the production of 
rails, bars, and plates, and we have already, in 
«peaking of the vessels in Messrs. Elder's yard, 
alluded to the very high quality of the material 
turned out by them, After examining the gas pro- 
ducers we saw a furnace tapped—the melting varies 
from 7 to 10 tons—and the steel run into ingots in 
the usual way. The plate mill was not working ; 
at the rail mill 60 lb, double-headed Indian rails were 
being turned out in double lengths, We timed one 
length from the entry of the bloom until the rail 
left the rolls as four minutes and a half. It made 
fifteen passes, the first ones oe very slow, as 
each bloom was put to the rolls while the next be- 
fore it was being finished, and had, therefore, to 
wait while the long rail went through the rolls, 
Some of our friendsin other districts would have had 
to. give up work long enough ago, we fear, if they 
had taken two minutes and a quarter, even on 
the average, to roll a single rail. ‘The mill engines 
were double cylinder reversing engines (no fly- 
wheel), by Thwaites and Carbutt. ‘Ihe laboratory 
arrangements, to the excellence of which no doubt 
much of the reputation attained by the company’s 
steel is owing, were afterwards shown to the visitors. 
The company has not yet made arrangements, which 
we should imagine they would sooner or later find 
advisable, for transferring their ingots hot to the rail- 
mill furnaces. At present they are allowed to get 
cold, and then reheated in the old-fashioned way. 

On Friday the Institution of Engineers and Ship- 
builders in Scotland took as many of their visitors 
as could godown the river to Arran in the ‘* Dandie 
Dinmont.” ‘This excursion closed what has been, we 
believe, not only a very pleasant but a very useful 
meeting of the Institute, the forerunner, we hope, 
~ many equally successful autumn gatherings in the 
uture. 





RETORT STOKING MACHINERY. 

As early as 1818, only six years after the incorporation 
of the Chartered Gas Company, an alteration in the 
setting of retorts was suggested for this purpose ina 
patent by John Grafton, an engineer of some repute in 
those days, and in 1838 he patented what may now 
be called in contradistinction to the power machine, a 
“manual.” This was really a machine, and an exceed- 
ingly novel invention, as the inventor had nothing in the 
shape of a charging implement to lead up to the idea; 
the hand-charging scoop now so general, and which has 
to be represented by an equivalent in all such machines, 
whether power or manual, was then but little known. 

The patent of 1818 sets forth that the retorts should 
“be open at both ends and placed in an inclined posi- 
tion for the convenience of discharging the contents,” 
but the patent of 1838 is more interesting on account of 
its being actually a prototype. The patent is for “Im- 
provements in the construction of retorts and other 
machinery for making gas from coal and other sub. 
stances. Firstly, by employing a wagon or carriage tra- 
versing the interior of the retort longitudinally, and 
passing into a recess or chamber attached to one end of 
the retort, where the wagon receives a charge of coals 
from an air-tight hopper placed over the chamber, and 
after being filled, delivers the coal in a regulated stratum 
spread equably over the floor of the retort, and to the tail 
of which wagon is attached a flap turning on hinges, 
which flap on being let down will act as a rake or ex- 
peller to push the coke out through the doorway of the 
retort.” 

Since 1838 many inventions of both natures have 
been patented, and we have at the present time working 
in this country the power stoker of Mr. Foulis, and the 
manual of Mr. West; and as the Rowland machine is 
likely to be introduced here, after successful working 
for some time past at the New York Gas Company’s 
Works, we illustrate the apparatus on page 182. Mr. 
Mowton, the engineer of that company, recently read a 
paper on the subject before the Society of Gaslighting of 
New York, in which, after reviewing the latter part of 
the history of mechanical stoking, he says that : 

“ At the present time there is a ‘ power retort worker,’ 
operating ten benches, of six retorts each, at the works 
of the New York Gaslight Company. It is the inven- 
tion of, and constructed by, Mr. Thomas F. Rowland, of 
New York, and is daily proving its ability to perform the 
labour for which it was intended much better, and 
more economically, than the same can be manually ac- 
complished. 

“It is capable of being, and often is, worked at the 
rate of drawing and charging twenty retorts in as many 
minutes, cleaning them perfectly and depositing the coal 
evenly therein. Its ability to automatically divide the 
coal into equal or unequal quantities at the will of the 
operator, is remarkable, and of such precise character 
that, when set for a given quantity of coal per retort, 
and the receptacle of the apparatus loaded with the 
aggregate coal for, say, twenty retorts, the recep- 
tacle will be emptied when the last retort is charged, 
and each individual retort will have received its proper 
quota, and this without any attention from the ope- 
rator whatever. The ability to unequally divide the 
charges is such that one retort may receive, say, 300 lb. 
of coal, and the next one 150 1b., or any number of pounds 
intermediate to the two sums, by simply turning an 
index wheel, which can be accomplished in 20 seconds. 

‘“* The apparatus is so designed that it will command 
the retorts, regardless of any irregularity in the system of 
the setting, although it is preferable that they should be 
equally spaced, to insure the rapid working of the 
machine. 

“The apparatus is briefly a locomotive carriage tra- 
velling by preference upon an elevated rail, although it 
would be equally as effective on a surface rail, the former 
being adopted in order to keepa floor space for the coke 
trollies, as in the case of the New York Gas Works. Its 
functions are to travel the length of the retort house, 
automatically divide the coal into specified quantities, 
put the same into the retorts, and deliver the coke into 
the wagons. 

‘The power to perform the various functions is con- 
veyed by means of compressed air, which has proved 
itself a valuable agent as it performs the triple duty of 
working the machine, creating ventilation by the ex- 
haust, and tending to keep the operators cool, and last, 
though not least, affording a means of preventing the 
rake and handle of the drawing portion of the apparatus 
from becoming hot and melting, which end is obtained 
by causing the air to pass through the handle and hoe, 
thus carrying off the heat and obviating what at first 
threatened. to be a serious drawback to success, i.e., the 
constant and rapid destruction of the rake or hoe, and the 
handle to which it is attached. As an illustration of the 
value of this device to prevent the rake and its handle 
from heating, it is well to state that previous to its 
adoption those portions would be burnt out every day, 
whereas the machine with the air circulating through 
the rake has run for four or five weeks, and, as yet, there 
is no sensible depreciation in the strength, or change in 
the shape of the parts which come in contact with incan- 
descent coke.” ” 

The drawing part of which the rake d d (see illustration) 
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is the chief implement, is in itself a very simple affair, and 
since means have been devised for keeping the rake and 
handle cool, has become an exceedingly efficient part of 
the scheme. It is fixed to a traveller and can be advanced 
into and returned from the retort by the chain cc, being 
in gear with pulleys, the motion of which can be readily 
reversed. The first effect of the inward pull of the chain 
is to lift that part of the traveller to which the rake is 
adjusted and fixed (to suit the height of the retorts to be 
drawn), and the continuation of the pull takes the rake 
so lifted in over the charge, as far as the operator thinks 
fit; he then reverses the gear, the action of which not 
only brings the hoe down through the coke to the floor 
of the retort, but brings it out with as much of the charge 
as had been overreached. 

As no hoe can be inserted of such dimensions as to 
draw a retort clean without compromising the size and 
shape of the retort for the sake of the drawing implement, 
Mr. Rowland has introduced into his drawing apparatus 
a very simple movement by which the operator can 
swerve the end of the rake to the right or left as it recedes 
from the retort by merely revolving the wheel ¢ to the 
right or left, as the case requires. Notwithstanding this 
deviation from the centre line of the retort being induced 
by the operator, when the rake is re-inserted in order to 
remove every vestige of the charge, it takes automatically 
as to height and bearing the same path that it was set 
to for the first stroke, therefore the fouling of the mouth- 
piece is rendered impossible, without any trouble on the 
part of the attendant. In fact he has nothing to do but 
to cause the rake to advance, and set the “ monkey’s tail” 
(as the men call it) so as to determine whether it shall 
return in aline coinciding with the centre line of the floor 
of the retort or to the right or left of the same. 

The charger S, which for the sake of usage is called 
a scoop, was especially designed for the D-shaped 
retort. Itis in fact a case or box the shape and length 
of the retort, but as much smaller as necessary for clear- 
ance, It has a sliding bottom, and when loaded with a 
maximum charge is really full. If the retort is not in a 
condition to work off so much coal, the measuring cylinder 
within the case M is set in a few seconds so as to take 
from the hopper H the quantity that the man in charge 
of the retorts considers to be enough. The dropping of 
the coal into the scoop after it is measured is carried 
out in this manner. The shoot N can be adjusted 
in the same way as the scoop to the height of any 
retort in the range. It also automatically moves a few 
inches upwards every time the scoop is sent in, to allow 
the heel to pass under its edge, and just before the meter 
is about to deliver a charge into the scoop (just withdrawn 
from the retort) it is lowered a few inches by the motion 
of the same cam that raised it. By this time the slot or 
opening in the measuring cylinder through which it re- 
ceived the coal from the hopper H is downward, and the 
charge pours down the shoot N into the scoop, which 
has a slotted opening along its arched top into which the 
shoot fits dust tight. A few seconds after this, the 
measuring cylinder still revolving, the cam on the shaft 
that carries this cylinder lifts the shoot N (as before 
mentioned) above the scoop. The advance gear is 
now thrown in and the loaded scoop inserted. Im- 
mediately this is accomplished, a pinion gearing in a 
rack underneath the sliding bottom is by a self-acting 
arrangement set in motion, and runs the bottom back 
from under the coal, leaving it deposited evenly on the 
floor of the retort. The body or case is now by the reverse 
action of the gear returned to the bottom, and being in 
situ is ready for another charge, which by this time is 
nearly measured out by the meter M. 

The hose reel R is an important detail; it gives freedom 
of motion without having to reconnect. The hose is wound 
on by a counterweight, and off by the pull of the machine, 
but to prevent any strain on the hose, a line that winds 
on and off with it is made fast to the machine. The air, 
which is compressed to about 40 lb. to the square inch, 
comes to the hose through the hollow shaft of the reel. 

Whe then coal is deposited in front of the retorts, as is 
generally the case in large works in this country, the 
large hopper H is not required, the coals being lifted to 
the meter M by a chain of buckets, or an equivalent, as 
the machine advances. At New York the coals are 
stored at the end of the retort house, consequently a large 
receptacle has to form a part of the apparatus in order 
to take coal enough for some twenty or thirty retorts. In 
such a case the weight of this part, as well as the 
aggregate of charges, would be dispensed with. 








PARKER AND WESTON’S COMPOUND 
STEAM PUMP. 

Or late years the use of direct-acting pumping 
engines has gradually been becoming more and more 
common for all purposes 10 which they can be ap- 
plied, and they have now superseded in a large 
number of cases the older and more complicated ma- 
chinery which has hitherto been raising and forcing 
water. But it is undeniable that the majority of this 
class of steam-moved pumps have the fault of their use 
involving a comparatively great expenditure of steam. 
Where the pump is small, this may be hardly worthy of 
notice; but as it becomes of larger diameter and longer 
stroke, the economy in the consumption of fuel begins 





to be an important question, and the employment of such 
pumps has been thus limited to a certain class of cases. 
But while this extravagance in the use of steam is a 
characteristic of direct-acting steam pumps as a rule, 
there are of course exceptions. Thus Mr. Henry Davey’s 
compound direct-acting pumping engines deserve to be 
classed with pumping engines of the most economical 
types, while Messrs. Field and Cotton’s compound steam 
pump promises good results, and more recently Messrs. 
Parker and Weston have brought out a compound steam 
pump from which good work may be expected, and of 
which we now propose to have something to say. 

The general arrangement of this pumping engine, 
which is being constructed by the Coalbrookdale Com- 
pany, and of which we gavea brief notice in our accounts 
of the late Show of the Royal Agricultural Society at 
Liverpool, will be seen by reference to Figs. 1 to 40n page 
183. In these views are shown two steam cylinders, 
one high pressure and the other low pressure, placed 
one behind the other, having a piston rod common to 
both, which is also connected to the pump piston in the 
same line. Each cylinder hasa steam chest and a set 
of valves receiving independent motion from their re- 
spective steam cylinders, but connected by a small rod, 
to prevent any possibility of their not moving together, 
and having a starting handle common to both which it 
will not be found necessary to use if the steam is turned on 
quietly and all parts allowed to heat and free themselves 
from the differences of expansion. The main valve of 
each steam chest is a hollow cylindrical casting, and the 
steam is admitted to the interior by an oblong hole ‘in 
the top of the valve. The interior of the steam chest is 
bored truly cylindrical, and the valve turned to fit. 
Rings are provided near the end of the valve to prevent 
tho passage of the steam. The auxiliary valve which 
regulates the admission and release of the steam to move 
the main valve is usually made of steel, and is of small 
diameter compared with the main valve. It works in a 
circular chamber horizontal and parallel to the main 
valve. Both valves may be easily taken out and 
examined by removing one of the steam chest lids. The 
cylinder covers and distance pieces are also soarranged that 
by merely unscrewing the nut at the baek of the pump 
piston, and removing the left-hand cover of each steam 
cylinder, the pistons may be slipped out and the rings 
examined or replaced without disturbing the cylinders 
themselves. 

We will now endeavour to explain the working of the 
engine. The action of the steam valves will be better 
understood by reference to Figs. 8 to 11, which re- 
present a steam cylinder as applied to the smaller sizes 
of pumps without expansion gear. We will suppose the 
engine to have been started and the piston to be travelling 
in the direction of the arrow. The main valve is at the 
right-hand end of the steam chest, and steam is enter- 
ing the left-hand end of the cylinder by the port A. The 
auxiliary valve is also at the right-hand end of the steam 
chest. This state of things continues until the main 
steam piston has passed a hole B’ in the steam cylinder, 
when the steam that has been used in propelling the 
piston rushes up the hole B' which communicates with 
the circular groove L' turned in the auxiliary valve, 
passes through the cross passage F", and getting be- 
tween the main valve and the steam chest lid drives the 
valve over to the left, and allows the steam in the chest to 
find its way on to the right-hand end of the main piston, 
and to exhaust from the opposite end. The piston is thus 
instantly stopped in its motion and proceeds to make a 
stroke in the opposite direction. 

The instant the port A’ is charged with steam from 
the chest by the movement of the main valve a small 
hole G’ conducts steam from the port A’ to the end of 
the auxiliary valve, which is thus shot over to the oppo- 
site end of the valve chest and placed in a position 
for admitting and exhausting steam to and from the main 
valve. It will thus be seen that the main valve makes 
its stroke first, and on steam being admitted to the 
cylinder the auxiliary valve then moves over. 

The steam used in moving the main valve is exhausted 
through the passage E', thence into the groove L' in the 
auxiliary valve, then by a number of small holes into a 
passage formed in the auxiliary valve, and finally escapes 
into the chamber M, and thence by the hole C into the 
main exhaust pipe. When the main valve has made 
about half its stroke it closes the outlet for the exhaust 
C, and the remaining steam is confined between the end 
of the valve and the steam chest lid, and thus effectually 
prevents the valve from striking the ends. 

Having thus described the working of the steam valves 
we will now proceed to show how the compound work- 
ing is effected. 

We will suppose the pistons to be travelling in the 
direction indicated by the arrow. Steam is being ad- 
mitted at the pipe A through the expansion valve B into 
the steam chest C, and along the port into the cylinder 
D. The steam from the other end D’ is being exhausted 
along the pipe E through the steam chest F into the end 
of the low-pressure cylinder G, the other end G! being 
in connexion by the pipes H with the condenser I on the 
suction pipe of the pump, When the pistons have reached 
the end of their strokes the valves are moved as before 
described, giving steam to D’, exhausting D into G’, and 
G to the condenser, and thus makes the back stroke. 


The expansion valve B receives its motion from the 
water cylinder. A small water regulator K is placed upon 
the middle of the pump cylinder and communicates with 
the expansion valve B by means of the pipe L which is 
passed down and along underneath the bedplate, 

The water regulator will be seen in section in Fig. 5. 
The object of the ball valve is to allow of the free passage 
one way for the water when lifting the expansion valve, 
and admits of its back flow being throttled by the thumb- 
screw which, when partially closed, prevents the valve 
from dropping too suddenly. 

Figs. 6 and 7 show the expansion valve in section more 
clearly. The piston M works up and down inside its 
cylinder, and is connected by three wings with the ring 
N which covers and uncovers the steam port O, thus 
cutting off steam when required. The piston M is con- 
nected by a small rod with the piston P inside the 
cylinder Q, to the bottom of which the water is conducted 
by the pipe L. 

When the main pistons are in the position shown and 
travelling in the direction of the arrow, there is enough 
pressure in the right-hand end of the ip cylinder to 
hold the expansion valve, up which it allows the steam to 
rush freely into the high-pressure steam chest. Directly 
the pump piston passes the centre of the cylinder, it un- 
covers the hole to the water regulator and relieves the 
pressure from the pipe L into the left-hand end of the 
pump cylinder, and allows the expansion valve to fall by 
the steam acting on the top of it, preventing any more 
steam from entering during the stroke. When the main 
pistons reach the end of the stroke they pause until the 
steam has had time to rush through some small file 
grooves R in the ring N and get the pressure behind the 
high-pressure piston when it starts on the return stroke, 
and as the pressure increases in the pump, so does the 
water acting under the piston P give steam proportionally 
to the work until the pump piston again passes the middle 
of its cylinder, when it again cuts off steam by relieving 
the pressure under the expansion valve. 

This arrangement also provides a very perfect governor, 
and prevents any damage to the pumping engine through 
the failure of the suction valves in closing, as without 
this provision should such a thing happen the main 
piston having full steam would rush along and strike the 
cylinder covers. This arrangement is found to effectually 
prevent this. The condenser is of the most simple con- 
struction, and will be readily understood from the 
sectional drawing, Fig. 2. Itis found to work admirably, 
greatly increasing the efficiency of the pump. 

Our engravings represent a pump with an 8 in. high- 
pressure and 12 in. low-pressure cylinder, and an 8 in. 
pump calculated to force 18,000 gallons per hour about 
130 ft. high. 





WATER BALLAST.* 
By Mr. BenJaAMIn Marrez.1, Chief Surveyor to Lloyd’s 
Registry of British and a Shipping, Member 
of Council. 

Tux subject of this paper is one which has exercised the 
minds of many shipowners builders, and has had con- 
siderable influence on the mercantile marine of this country, 
but I doubt whether, even among the shipping community, 
excepting, of course, those who have given the subject 
special attention, its history and commercial importance 
are fully understood. If I am right in this view, my paper 
may not be uninteresting to this meeting. The question 
of double bottoms is so mixed up and associated in the 
mercantile marine with that of water ballast, that it has, I 
think, a somewhat different significance from the idea 
which prevails as to double bottoms in the ships of the 
Royal Navy. Inthe latter, as I take it, double bottoms are 
fitted, as they were in the Great Eastern, chiefly as a source 
of additional strength and security in the event of accident 

ing to the outer bottom; whereas in the mercantile 
marine they are fitted as sources of commercial profit and 
convenience, although of course the question of safety is 
not entirely ignored. It is, however, from the commercial 
point of view that I wish principally to treat the subject, 
and I think I cannot do better, in the first place, than 
glance briefly at the early adoption of water ballast in 
mercantile ships. This po es about by ay tg Be 
ogo in some of the steam colliers trading from the North- 
tern ports to London. In fact, the general adoption of 
water ballast in merchant steamers owes its existence 
entirely to our steam colliers. When the coal trade from 
the North to London was carried on by sail ng colliers, the 
question of ballasting on every return voyage was not only 
one which involved considerable extra cost to the con- 
sumers, but also occasioned a serious .inconvenience, to 
which some of the North-Eastern ports, even at the present 
day, by their unsightly mounds or ballast heaps, bear 
witness. On the vessel entering the river, the ballast ; bad 
to be disposed of, and this was done by disc it on 
to the river side, thus rendering valuable land unsuitable 
for industrial purposes. The first attempts made to over- 
come these objections appear curious when viewed in the 
present day ; but they answered a valuable purpose in pre- 
ing the way for more mature plans, showing the 
practicability of making water ballast commercially suc- 
cessful. One of these was the adoption of strong canvas 
bags, which were filled with water for ballast, and on the 
termination of the vo the water was discharged into 
the hold, and pumped out of the vessel. This plan, how- 
ever, found but little favour, as the soon beca: 


bags me 
chafed by the rolling of the vessel, and they sometimes 


* Read before the Institution of Naval Architects at 
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tended to endanger her safety by bursting whilst she was ; run into the double bottom, and it costs nothing for 


performing her voyage. The John Bowes, built at New- 
castle in 1852, was the 

porary appliances for carrying water ballast were adopted, 
and the comparative success of these means led to the 
building of a vessel with tanks fitted in the ship for con- 
taining the water ballast. This vesse! was the s.s. Samuel 
Laing, of 609 register tons, built in 1854 by Messrs. Palmer 
Brothers, at Jarrow, for Messrs. John Fenwick and Son, 
of London. These tanks consisted of iron made to the 
form, and fitted in the bottom of the vessel as shown in 
Fig. 1. The Samuel Laing is still employed as a collier, 
and the tanks originally fitted remain serviceable in her at 
th ut day. Immediately following this, the same 
bniuders built the s.s. Rouen and fitted an inner bottom, 
entering into the structural arrangement of the vessel 
similar in principle to the double bottoms now fitted. The 
adaptation of water for ballasting steam colliers effected 


Fig.1. 





first screw collier in which tem- | 


taking in and but little for discharging, and the facilities 
thus afforded enable these vessels to make as many an 
| 60 voyages from Newcastle to the Thames during the 
year. The number of voyages has risen I believe in 
the case of one vessel to 72 per annum. The result of 
this is, that whereas nearly the whole of this trade would in 
all probability have been lost to shipowners, had water- 
ballast steamers not been introduced and developed, we 
find that during the year 1876, 3,273,442 tons of coals 
brought into London were sea-borne, and this cannot fail 
to produce a beneficial effect on the market. Whilst how- 
ever the great advantages arising from the introduction of 
water ballast may thus be clearly seen in vessels engaged 
in the coasting coal trade, its economical use and advan- 
tages are not so readily admitted by some for vessels 
engaged in foreign trades. It is doubtless found unneces- 
sary to carry water ballast in certain specific trades but 


























75l., thus making 951. But on arrival at the loading port, 
this ballast has to be discharged, and by using the steam 
winches of the vessel, a further expense, including craft 
hire of about 1s. per ton, or 101. is incurred, thus makin 

1051. By allowing two days’ detention before the vessel is 
in position to take cargo on board, which (especially in a 
foreign port where craft have to be sought, &c.) is not too 
much to allow, this would increase the expenses to 1551. 
Suppose now the steamer to be ordered on arrival, say 
off Falmouth, to some port to discharge cargo from which 
an outward freight could not be obtained—the same 
process of ballasting with its attendant expenses and de- 
tention, must again occur, as such a vessel not being a 
regular liner, would have to proceed in all probability to 
Wales or the North of England or other coal port. This 
additional cost, allowing 3s. per ton on 200 tons for 
taking in and putting out ballast would amount to 30/., 
bringing up our expenses to 185/., and with three days’ 










































































quick despatch together with other attendant economy, 
and showed that steamers could successfully compete with 
the sailing colliers and railways. This naturally led to 
the employment of other similar vessels in this trade, and 
with the increase of number improvements were made in 
the construction of water ballast tanks, or double bottoms. 


Great economy having been effected in steam colliers by | 


the introduction of water ballast which could be quickly 
run into the vessel while she was discharging, or pumped 
out whilst proceeding with the loading, steps were taken to 


secure similar advantages in steam vessels employed in the | 


Mediterranean, Baltic, and general home trades; and an 
impetus was given to the building of steamers to compete 
with sailing vessels in the European trade. At the present 


time, provision is made for water ballast in most of the | 
large steamers trading to the East and all parts of the | 


world, 
principally done by steamers, owes its present large di- | 
mensions to the introduction of water ballast, which has | 
contributed in no small degree to enable steamers to com- | 
pete successfully and prevent this trade from becoming a | 
monopoly by the railways, with its attendant evils to the 
coal consumers of the South. The reason for this is easily | 
seen. As we have said, one of the test elements in the | 
successful competition maintained by steam colliers is the | 
quickness with which the passages are made, the saving of | 
cost and time in ballasting, and the great facilities afforded | 
at each end of the voyage for loading and discharging as | 
compared with sailing vessels. A sailing collier carrying | 
from 250 to 400 tons of coals oceupied on an average 
three weeks in making the voyage from the Tyne to the 
Thames, and when she arrived at the port of discharge the 
shipper or purchaser had, by an old trade custom of the 
port, the power of restricting the output to 49 tons per 
ay. Thus, a vessel carrying 450 tons of coals might be | 
detained nine or ten days in discharging. ‘Then comes the 
comparatively costly process of asting. In the first 
=p there was Is. per ton to be paid to the Trinity lightere 
or the ballast and an additional 6d. per ton for putting it 
on . Again, on her return to the loading port, 1s. per | 
ton had tobe paidas cess to the River Commissioners, and an 
additional lod. per ton for de 
steamers, on the other hand, with the means of carrying | 
water ballast were much more favourably situated. The 


voyages of these vessels from the Tyne to London occupy | year. 


about 36 hours; and in the place of being restricted to the 
old rate of disch of 49 tons 
vided—the Steam Collier Com 
enough to break through 


per hour. As the discharging p: 





And the coal-carrying trade on our coasts, now | 


iting it on the river side. The | shown might be easily doubled. 


per day, facilities are pro- | Sea. This vessel would en about 

— having become strong | and assuming a moderate charge for day ballast of 2s. 
the old custom limiting the | ton, this would amount to 20/., supposing 65 tons per 
output —and it is no uncommon thing to discharge 150 tons | could be obtained, the detention caused in shipment at the 
i roceeds, water ballast is | moderate calculation of 25/. per day would be an additional 






































when we consider the great facilities afforded by it for 
trimming steamers in all situations, whilst avoiding heavy 
ballast charges, with the consequent much heavier expenses 
attending detention, I think it can be peel aly shown, 
that there are very few steam vessels indeed, where some 
kind of arrangement for carrying water ballast would 
not be an advantage. In fact, for steam vessels engaged 
in general trades, and having often to seek cargoes at 
various ports, it has become a prime necessity, and may 
well be allowed to take its place by the side of compound 
engines, as an important economical introduction into this 
description of vessel. To convey an idea of the approxi- 
mate yearly savings to a steamer engaged in a few general 
trades, I will give a few examples, but it must be under- 
stood that in doing so I am merely glancing at the subject, 
and that many circumstances might arise well known to 
the owners of this class of vessel by which the saving 
I will take first a steamer 
built for the Mediterranean trade, and costing about 
20,0001. Such a vessel will make, say, four voyages in the 
As a rule she would load to a Mediterranean port, 
rt in the Black 
tons of ballast, 


day 


thence go in ballast to her grain-loading 








detention, being another 751., the total cost of expenses 
at a moderate calculation on one voyage would be 2601. 
This taken on four similar voyages would amount to 
above 10001. in the year, or on a capital of 20,000/. to 
5 per cent. per annum—a rather startling fact. If we 
take the case of a steamer engaged in the Baltic trade, 
the expenses on a vessel of the same value in view s 
the greater number of, voyages she would make, woul 
be at least 15001., or 7} og cent. per annum on the cost 
of the vessel. Nor are the advantages of water ballast 
confined to steamers in the European trade. If we con- 
sider the coasting trade of China—a most important 
trade—particularly between Saigon and Hong Kong, it is 
questionable whether steamers could have driven the a 
ing vessels from this trade, but for the economical 4 
vantages of water ballast. Notwithstanding the hig 
price of coals in those waters, namely, 40s. to 60s. orf 
ton, the facilities afforded by water ballast have enable: 
steamers so adapted, to carry on the trade at freights at 
which it is found sailing vessels cannot exist. Some 
eminent builders I know have expressed doubts as to Pa 
desirability in steamers e in the China trade, bu 
know steamers en in bringing home tea, and other 
valuable s, which are provided with facilities for 
i neatly 300 tons of water ballast, in which it > 
carried with perfect safety and found to be most convenien 
and economical. t circumstances have shown in & 
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very striking manner, the great benefits arising from large 
shane engaged in the India trade being provided with 
facilities for the use of water ballast. During the recent 
famine in India the great demand for steam tonnage caused 
every available steamerthere to be employed at exceptionally 
high freights—as much in fact as 21. 15s. per ton was given 
for carrying rice to Madras, a run of four days only. The 
result of this great demand was to fill Madras roads with a 
ater amount of tonnage than had ever anchored there 
Fefore. This naturally led to exorbitant demands being 
made by the native boatmen, and it was with the utmost 
difficulty they could be induced to carry ballast to steamers 
which were not adapted for carrying water ballast at six 
rupees per ton, or about ten or twelve times the ordinary 
cost, and even at this exorbitant charge such steamers might 
have to wait two months for an amount of 200 tons. Man 
of the large steamers, under these circumstances, which 
were not fitted for water ballast, had to keep part of their 
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instances, as they will readily occur to many, and argument 
is not required to show, for experience abundantly 
shown, that, if the double bottom be kept within proper 
limits as to height, no increased danger arises from thi 

arrangement. When a double bottom is fitted throughout 
the length of both holds, and of a height greater than is 
absolutely necessary to secure sufficient water ballast to 
enable the vessel to shift safely from port to port, the 
cargo is obviously raised more than it need be, and especi ’ 
with homogeneous cargoes, like coal or grain, and wit 

vessels of ordinary proportions this unduly reduces the 
stability. Considerations and experience of this kind, have 
induced builders and owners of this type of vessel to limit 
the height of the inner bottom, or to restrict it to the after 
hold and under the boilers, and thus to admit of the cargo 
in the main hold of the vessel being stowed lower to insure 
sufficient stability, whilst at the same time providing 
sufficient water ballast to admit of the vessel being shifted 





vertical plates B connected to the outside plating by the 
continuous angle iron C. Longitudinal girders D E F were 
connected to the top of the floors, and on these the inner 
bottom G was fitted, the whole being made water-tight. 
Fig. 3 illustrates an improvement on this, having the 
flange plate A arranged so as to be at right angles to the 
bilges. In these plans a gutter is thus formed at the sides 
of the vessel, thus admitting any drainage from the top 
of the tank to find its way into this, and then into the 
engine-room or into the well at the end of the tank. This 
is called McIntyre’s plan, from the name of Mr. John 
McIntyre, of the firm of Messrs. C. Palmer and Co., who 
first introduced it. Fig. 4 is a plan associated with the 
name of Mr. Withy, and greatly used by the builders at 
Hartlepool and the Tees. It is similar to McIntyre’s 


plan, with the exception of the angle irons connecting the 
flange plate to the outside plating being fitted on the out- 
side, which, it is ose: om 


» offers greater facilities for 


Fig.16. 








a ee ey a... @.. 8... 








C.C C. Vertical angle Iron Stutfeners. 
0.0.0 Frame angle Irons. 
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former cargo on board and go down to Pondicherry, where 


dry ballast was obtainable at a reasonable rate, and after 
getting ballasted had to return to Madras to discharge the 
remainder of their cargo, and then start to a loading port 
for rice. The great loss thus incurred at such a time when 
employment was so profitable can be easily understood. 
In many cases, I believe, it amounted to at least 5001. per 
voyage. This experience I know has induced the owners 
of some of these large steamers to have some kind of pro- 
vision fitted to them for carrying water ballast, when so 
required. I need not dwell longer on this part of the 
subject, but I may, perhaps, add that I have a strong 
opinion that before long scarcely asteamer will be built 
without some kind of tation for carrying in cases of 
emergency, or eine a divergence of trade, sufficient 
water ballast to enable her to shift from port to port. 

And here I think it may be useful to refer to the great pre- 
judice which existed a short time ago, and does still to some 
extent exist, in the minds of underwriters and others against 
vessels fitted with double bottoms. This arose from the 
lamentable fact that during the years 1872-73, a large 
number of screw steamers were repo’ as missing, 
nearly the whole of which were fitted with double bottoms. 
Another feature common to most of them was that they 
were grain laden on the homeward voyage. I am not 
prepared tocontend that the existence of double bottoms 
in some of these vessels did not contribute in some mea- 
sure to the disasters; because some of them were in- 
ye | high, and were fitted in vessels whose dimen- 
sions and form would necessarily have rendered them 
tender ships. There can be little doubt that those dis- 
asters were brought about by a combination of most 
unfortunate circumstances. A tendency to carry double 
bottoms up to excessive heights had been developing 
itself, without any compensating increase of beam. And 
vessels of this type were put into the Atlantic trade to 
load grain in bulk at atime when the necessity for ex- 
treme caution in securing such cargoes from shifting was 
not sufficiently well attended to. The sad experience then 
gained, however, produced a very marked and salutary 
change, both in the precautions adopted in loading and in 
the fitting of the double bottoms, and there can now be 
little doubt that when the inner bottom is suitably arranged 
to the form of the vessel, it is a source of safety as well as 
profit. Obviously there is much greater strength obtained, 
and many vessels that have been ashore have owed their 
safety to their double bottoms. I need not enumerate 
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from port to port. A comparatively low double bottom, 
extending through both holds and under the engines and 
boilers, doubtless combines best the properties of safety 
and strength with the facility for ballasting, and there is a 
tendency in steamers to carry the double bottom 
through under the engines and boilers, as objections that 
were formerly raised to this are now deemed of less im- 
portance. A serious objection to double bottoms being 
too much reduced in height is the difficulty of examining 
their internal condition, as they must always admit of a 
man getting through, for unless they can be periodically 
examined deterioration might be going on without detection, 
and serious results might ensue. 

I will here glance briefly at different modes of con- 
struction that have been adopted for water ballast tanks 
or double bottoms. The Samuel Laing before alluded to, 
was built like any ordinary vessel, and Fig. 1 shows how 
the tanks were in the hold. e tanks are 
connected by pipes, and the water is let in and pumped out 
in the usual manner. Fig. 2 shows the arrangement of the 
double bottom fitted to the Rouen, being the first vessel in 
which a permanent double bottom entered into the struc- 
tural arrangement of the vessel. The frames were 
separated at A, and the sides of the tank were formed by 

















caulking. Fig. 5 shows the plan first introduced by Mr. 
James Laing, of Sunderland. The reversed frames only 
are separated in this mode of constracting the double 
bottom, and knees or doubling pieces of angle iron about 
3 ft. long are fitted to the main frames to compensate for 
this local weakness. The side plate A is flanged, and 
rivetted to the outside piating, and around the frames are 
fitted collars B, rivetted to the frames, outside plating and 
inner bottom. Mr. Laing has been very successful in 
fitting a large number of vessels in this manner, but he is 
almost alone in a continuance of this plan. Fig. 6 isa 
lan adopted by Messrs. C. Mitchell and Co., of Newcastle. 
fastend of the flange plate A being horizontal as in the 
previous case, it is arranged as in McIntyre’s plan, but the 
main frames are not ene The flange plate is con- 
nected to the outside plating by the angle iron B, and 
angle iron collars C are fitted around the main frames. 
Fig. 7 shows an arrangement of beams A for receiving the 
inner bottom fitted to every frame and supported by angle « 
irons or plates B. The flange plate is fitted against the out- 
side plating at C, and the main and reversed frames are 


not cut. continuous angle iron D is connected to the 
reversed frames, and the spaces between have pieces of 
wood closely fitted between the frames, and caulked. This 
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builders on the north-east coast. e main and reversed 
frames are preserved intact, and the inner bottom is con- 
nected to the outside plating by the angle iron A forming 
co! round the main and reversed frames. The spaces 
between the reversed frames and ing are filled with 
wrought-iron oe form for separate frame. 
Figs. 10 and 11 illustrate a mode of constructing a deep 
tank extending to the height of the hold beams. This is 
preferred in some instances, as it can be utilised for ‘ 
when ballast is not required, and as the cargo can 
eet Sree down by this plan, the stability of the ship is 
pre 4 by i the early ships where this plan was 
it ca’ i intment, as the importance was 
not sufficiently aie when carrying a large body of 
water, of any filling the compartment containin; 
it. Inthe early cases coamings were dispensed with, an’ 
consequently there was sometimes a difficulty in completely 
filling it, and when the tank was not quite filled it 
admitted of a considerable momentum being generated 
when the vessel rolled or pitched. Sufficient care was 
likewise not always taken in making the transverse bulk- 
heads forming the tanks oiaenty St by stiffeners, and 
it was not unusual to find these bulkheads stiffened 
with only small angle irons. These should have either bulb 
tes, or plates and angle irons, to give sufficient rigidity. 
n cases where these tanks have been properly constructed, 
such as shown in Figs. 10 and 11, or other approved mode, 
the ment has given great satisfaction and been found 
mest weetel. The frames and reve frames in Figs. 10 and 
11 are not separated, and the spaces between are filled with 
iron blocks cast to the form, and made water-tight by rust 
putty, and covered with cement. Great care should be 
observed where this form of tank is used to provide a suffi- 
cient number of manholes for ventilation, as owing to the ab- 
sence of these the in some instances has been damaged 
from sweating. Fig. 12 is a plan which was adopted in build- 
ing the s.s. Carbon at Liverpool in 1855, which vessel is still 
running asa steam collier, and the plan has answered its 
purpose. Fig. 13 shows a double bottom, adopted in a 
Steamer built in Italy for an English firm in 1874. A 
centre through plate A is fitted with deep floors, connected 
tothesame. The inner bottom is fitted on the top of the 
floors, and the space between is divided by intercostal plates 
B. This vessel is employed in general ro and the arrange- 
ment has given satisfaction to the owners. Figs. 14and 15 are 
somewhat similar. This vessel was built in 1876 by Messrs. 
Austin and Hunter, Sunderland, and is, it is considered, a 
very satisfactory as well as novel mode of construction. The 
longitudinal webs are about 4 ft. apart, and there are solid 
transverse intercostal floor plates 14 ft. 8 in., or eight frame 
spaces apart, and intermediate between these at four 
spaces frames are bracket plates, as shown B B B; in- 
termediate between these again are angle iron stiffeners to 
the longitudinal girders and inner bottom C C C, and the 
frames extend across the ship at every 22in. apart—the 
ordinary room and space for a vessel of her size. Such a 
mode of construction, whilst providing for the carrying of 
water ballast, enables a pn | bottom to be formed with 


less weight of iron, and, it is said, less cost. Figs. 16, 17, 18, 
19, 20, 21, 22, and 23 show plans which have been adopted 
at various times, but most of which have not been repeated. 


Other plans have been adopted, but time or space will not 
admit of a description of all of them. 

I cannot conclude without drawing attention to a novel 
adaptation of water ballast to sailing vessels. Several of 
these vessels, as illustrated in Figs. 24 and 25, have been de- 
signed and built by Mr. Bone, formerly surveyor to Lloyd's 
a late manager for Messrs. Cole Brothers, Newcastle, 
and now managing director of the e Shipbuilding Com- 
pany. These sailing vessels are designed to carry a cargo 

i ill just fill them. They take coals to 
Almeria or Valencia (or any of the Spanish ports) and 
whilst di i in water ballast, and proceed to 
Pomaron or Huelva for ore, which is brought to the Tyne, 
Hall, London, or Aberdeen. They have provision for 450 
tons of water ballast, which, on arrival at the port of load- 


ing, is — out by the crew with a 6in. Downton’s 
pump. e vorage occupies about two months, on which, 
in addition to the saving from detention, there is a gain of 


Wl. each voy: from not having tc purchase or take in 
dry ballast. "These vessels have answered well and have 
been enabled to compete successfully with steamers. I have 
seen other attempts to introduce the advantages of water 
ballast to sailing ships, some of which scarcely deserve such 
high ition. hether provision and arrangement 
for water t will be extended to r sailing ships, I 
eqnnot venture to predict, but in view of the early attempts 
to introduce it in steamers and the vast importance it now 
assumes in this description of property, it would not be 
surprising if we were to experience a f development 
to some extent in this direction. Howevir this may be, 
my chief object has been in this paper to place before you 
some of the plans that have been adopted and the expe- 
dients that have been resorted to, together with the cir- 
cumstances that have given rise to them in connexion with 
this subject of water Fallast, and in view of the many and 
rapid changes that are continually taking place in ship- 
building, it will be thought, perhaps, that it is not one of 
the least important functions of this Institution to collect 
pore of such changes and developments for publication 
in x 


American Locomortitves.—The Portland Locomotive 
Works in Any State ¢ ane have Cn yy for 
changing gauge of the European an merican 
ad the Piscataquis and Bangor Railroads. The same 
\.orks have delivered three powerful locomotives to the 
Western Counties Railroad of Nova Scotia; they are also 

i others forthe North Share Railroad of Canada. 
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By W. H. Bartow, F.B.S. 

WHEN visiting Niagara last year, after acting as one of 
the ju at the Centennial Exhibition at Philadelphia, I 
observed certain physical effects connected with the Great 
Falls to which I desire to draw attention. 
1. It was observable that the doors and windows of our 
hotel, unless tightly closed, were subjected to a jarring 
mov t, the impulses of which varied in time and degree. 

The hotel in question is Clifton House, on the Canada 
side ; its southern face bei to and nearly opposite 
the American Falls, from which it is distant about a quarter 
of a mile, and its south-west corner is not far from being 
opposite to the mean line of face of the or Horse 
Shoe Fall, the distance being somewhat over half a mile. 

The windows of the hotel opened on hinges, and if one of 
them was set slightly opened, and the observer placed 
himself in such a position as to see the reflections of distant 
objects on the surface of the glass, the times and varying 
intensity of the jarring impulses could be clearly seen. 

2. On looking at the Falls themselves, and especially at 
the Horse-shoe Fall, there appeared from time to time, 
through the mist which always envelopes the lower part of 
the Falls, jets of water projected suddenly upwards. 

These jets frequently rose much above the level of the 
upper part of the fall. Judging from the known height of 
the Falls they frequently rose from 10 ft. to 30 ft. above the 
upper level. They occurred at varying intervals ; but very 
few minutes elapsed without seeing one of greater or less 
magnitude. It was also observable that they had a charac- 
teristic form, somewhat resembling a pine-tree, that is to say 
small or pointed at the top, and widening out downwards. 
They were not formed of a compact mass of water, but 
had that appearance, which is seen in large fountains, of 
being composed of lumps of water of various sizes, decreas- 
ing in the lower part, until they were lost in the general 
mist which surrounded the lower part of the Falls. 

The continual recurrence of these jets, and the continual 
recurrence of the jarring action above referred to, point to 
the conclusion that both effects are due to one cause, and 
my object in drawing attention to the subject is to en- 
deavour to suggest the nature of the cause which is pro- 
ducing these effects. 

Proceeding to a nearer view of the waters by going be- 
neath the Falls, and looking at and through them, it be- 
comes apparent that the water which flows over the upper 
rocks in a continuous curved stream, breaks up into masses 
of greater or less magnitude during its descent, so that air 
in large quantities gets in and between the falling masses 
of water. In this intermixing of air and- water it may 
frequently happen that a quantity of air is surrounded 
and enclosed in a heavy mass of water, and falling in this 
state with a velocity due to the height of 150 ft. or 160 ft., 
the contained air would become suddenly and violently 
compressed on striking the rocks below. The energy of 
the charge of compressed air thus suddenly generated, 
would burst through the thinnest layer of its surrounding 
water, and so constitute a species of explosion carrying a 
portion of the water with it. Assuming the weight of 
water which generated the compression to be greater than 
that on which the energy of the compressed air operated, 
the effect would be to project the smaller mass of water 
with a greater velocity than that due to the original fall. 
The supposition most consistent with the observed phe- 
nomena appears, therefore, to be that the two effects, 
namely, the jets of water and the jarring action shown 
on the doors and windows, are both due to the explosions 
or sudden expansions of air compressed by the falling water 
as above described. There are several circumstances which 
appear to favour this supposition. 

1. The sudden upward blasts of air accompanied by 
water, felt by persons when beneath the Falls, which are 
probably only minor effects of a like action. 
2. The jarring motion im to the doors and windows 
appears to have no corresponding effect in the solid ground ; 
from which it may be inferred that the effect is due to 
concussions conveyed through the air, and not to the 
tremor of the earth by the weight of the falling water. 
3. The characteristic form of the jets, which is similar 
to that produced by explosions under water, when the con- 
——_ are suchas to throw the water to a considerable 
eight. 
And lastly. The suddenness and en of the operating 
force as shown by the jets being frequently projected con- 
siderably above the level of the upper water. 
The inquiry is one of some interest, and may serve to 
ight upon those anomalous effects, which have been 
from time to time, with to heavy seas 
falling on a rocky shore, and the extreme height to which 
the water is occasionally projected under these conditions. 
Two notable instances of this kind have been given by 
the engineers of the English and Scotch lighthouses. 

One at the Bishop Lighthouse, where a fog-bell weighing 
300 cwt., and fixed at a height of 100 ft. above the sea, was 
displaced and thrown down to the rocks below. 

The other occurred at the North Unst Lighthouse, which 
is builton a rock whose height is 196 ft. above high water, 
and presenting an almost perpendicular face to the sea. 
In this case, during a heavy north-west gale, a quantity 
of water was projected upwards sufficient to overthrow the 
boundary wb and force open the door of the house. 

With regard to the form of jet produced by a subaqueous 
explosion near the surface, I had the opportunity, a short 
time since, of witnessing an experiment made by Professor 
Abel at the Royal Arsenal at Woolwich. The explosive 
used was compressed gun-cotton. The jet on this occasion 
rose toa great height, reminding one of the great Crystal 
Palace fountain, and it was remarkable from the complete 
verticality of its centre line of force and from the resem- 








Torpedoes for the Shannon.—The Shannon, 9, ironclad, 
Captain W. B. Grant, has been ordered to proceed to 
Portsmouth, there to embark her torpedoes, and also to 
have the necessary fittings made for firing those weapons. 
It is satisfactory to that certain sanitary defects, of 
which complaints were recently made, have been ordered to 
be remedied, and for that purpose the ship is to be brought 
alongside the dockyard. 


The New Japanese Corvette.—In June, 1877, the Milford 
Haven Shipbuilding Company—of which Mr. E. J. Reed, 
late Chief Constructor of the Royal Navy, is chairman— 
launched a 9-gun corvette named the Hiei for the Japa- 
nese Government. As the company has not sufficient dock 
accommodation for vessels of this class overtures were made 
to the Admiralty to allow the completion of the Hi-Yeito take 
place at Pembroke Dockyard ; and it was generally under- 
stood that on the undocking of the Iris the Japanese cor- 
vette should take her place. The Lords of the Admiralty 
have, however, now refused to allow the Hi-Yei to be 
docked in the royal yard, and she will have to be taken 
elsewhere. The Hi-Yei is a powerful ironclad, and in the 
present disturbed state of European politics, it is alleged 
that the Lords of the Admiralty feel it their duty to com- 
plete pressing work of their own in preference to aiding a 
vessel which might in the Indian seas pass into the hands of 
unfriendly owners. 


Steamers between Cardiff and New York.—The steamer 
Rheola has been a on to trade between Cardiff and New 
York by Mr. W. Y. Edwards. 


Penarth Harbour, Dock, and Railway.—At the half- 
yearly meeting of the proprietors of the Penarth Harbour, 
Dock and Rail way, held at Cardiff on Friday, the directors’ 
report and statement of accounts were unanimously adopted, 
and a dividend was declared on the ordinary capital of the 
company at the rate of 4} per cent. per annum. The ne- 
cessity of increased harbour accommodation was urged by 
several of the shareholders, and on behalf of the directors 
the chairman promised to approach the Taff Vale Railway 
aueny with the view of coming to some common under- 
standing 


Swansea Tramways. — Works in connexion with the 
Swansea tramways are being vigorously pushed forward. 
Between thirty and forty men are engaged at Aberdyberthy 
Bridge, and the —— is now completed to the High- 
street station of the Great-Western Railway, the rails 
being also laid to that point from the bottom of High- 
street. In another week or so they will be laid up to the 
junction at Jockey-street. A pioneer steam engine, 
which recently arrived in the town, is at work on the 
Oystermouth section. 


Bristol Port and Channel Docks.—The half-yearly meet- 
ing of the directors of the Bristol Port and Channel Docks 
Company states that, considering the general depression in 
shipping business, and the difficulties which always attend 
the establishment of a new trade, the directors have no 
reason to be dissatisfied with the amount of business done 
at the docks. The engineer reports that the entrance has 
= silted up at all; in fact, it has deepened rather than 
otherwise. 


The Forest of Dean.—There has been a slight improve- 
ment in the coal trade of the Forest of Dean, and in a few 
instances the pits have been running with a fair degree of 
regularity. Both at Lydney and Bullo, the shipments 
have been improving for the past fortnight. The iron 
trade and the other hardwa: ranches present no new 
feature of interest. 








CuHILIAN CoaLt.—The t cual mine of Los Christales, 
at Cauquernes, in Chili, which has been lost for forty seed 
has been found and will be worked by English capital. 





BELGIAN MecHANIcAL InpustRy.—The Willebroeck 
Construction Company has concluded a contract for the con- 
struction of a railway from Settimo to Rivarolo in — 
Italy. The length of the line is rather more than 23 miles, 
and the contract comprises permanent way, rails, and 
stations, but does not include rolling stock. A deal 
of the work contracted for will be sublet, but the Wille- 
broeck Company reserves to itself the construction of the 
turntables, crossings, and iron bridges. The Bel 

Government has given the Meuse Constraction Workshops 
an order for two marine boilers ; the cost of these boilers is 
to be 29001. The exports of wire, rails, plates,!&c., from 
Belgium in the first seven months of this year amounted to 
109,200 tons, as com with 116,100 tons in the corre- 
sponding period of 1876, and 119,600 tons in the correspond- 
ing period of 1875. 7 


Wrovcut-Iron BripGe OVER THE CONNECTICUT 
River, Ox10.—The Wrought Iron Bridge Company, of 
Canton, Ohio, have the contract for rebuilding the bridge 
over the Connecticut River, at Northampton, Massachusetts. 
The bridge has a total length of 1210 ft. in eight spans, with 
18 ft. roadway, and will cost about 27,000 dols. exclusive 
of flooring. This company are also building a 930 ft. 
bridge, in six spans, with 16 ft. roadway, at Columbus 
Junction, Iowa, being the longest highway bridge in the 
State. And have the contract for six 120 ft. spans, with 
18 ft. roadway, and 5 ft. side walk, at Paris, Ontario. They 
have just completed a 160 ft. bridge, with 30ft. roadway, and 
two 8ft. walks, on iron piers 25 ft. high, at San Jose, Ca- 
lifornia, and are building a 256 ft. span, with 18ft. roadway, 
at Preston, West Virginia, all of above bridges being on 
the company’s patented truss plans, with all bt-iron 
details. The company have now over 12,000 ft. of 














blance in its pine-tree form to the jets of Niagara. ing an ight giving employment to ger 300 meny aad 
* Paper read in Section G before the British Asgo-| are making extensive their shops 
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RAILWAY ACCIDENTS FOR 1876. 

VIEWED in a with the number of acci- 
dents during the three past years, the annual report 
of the Board of Trade for the year 1876 must we 
suppose be regarded as satisfactory, there having 
been fewer investigated accidents than in either 
of the preceding years. Having regard, however, 
to the improved means now placed at the disposal 
of railway companies for the protection of their traffic 
and the prevention of those casualties which are very 
properly classed as ‘ preventible,” we fear the result 
will not be regarded as so favourable as it might be. 
It is noticeable in the present as in past years that 
the majority of those casualties which stand forth 
as characteristic of the year are the result of ill-con- 
ceived regulations, negligent working, or the want 
of those recognised appliances, the adoption of which 
become, with the daily increasing traffic, an absolute 
necessity. Thus in the present instance we have 
the lamentable results of the year swollen by the 

adstock and Arlesey accidents, both preventible 
Within the strictest limits of the term. It {cannot 
be denied that in many instances some of our fore- 
most companies have shown themselves alive to the 
necessity of availing themselves of such facilities and 
appliances as are from time to time brought before 
them with the object of increasing the security of 
Tailway travelling: still the result of the year is 
not such as to show that any very marked progress 
~ ) been attained ; or if this is so, then it can only 
e in isolated cases, for the result is that whereas 

© year 1875 produced 164 accidents calling for the 

vestigation of the State, the past year has been, 


with all its improved appliances, and with all the 
Pr 9 rte of previous years, fruitful to the extent 


50 such accidents. “But assuming that ch i 
the case, it is only in the oni ef identa that 
the report is thus favourable, In the penne 


control to the number of passengers 


this comparison, and tell their own tale, 


carried, the 
result is far worse than that for the preceding year. 
The following figures give the facts in respect of 


connexion with facing points; whilst 32, or about 
21 per cent., were from passenger trains bein 
wrongly turned into sidings, or otherwise throug 
facing points ; 23, or about 15 per cent., were from 














engines or vehicles meeting with or leaving the rails 
Number of Pas- |Proportion Killea | in connexion with defects of or obstructions on the 
teas Le — - Number ¢ (rod Oanacs be- | permanent way; 12, or 8 per cent., were from boiler 
BAR, yond their own | ued. | > °Gontrol to | €Xplosions or failures of axles or tyres, or other 
Control. | Number Carried. | defects of rolling stock ; and 5, or 3 per cent., were 
ee on inclines. 

1874 86 477,840,411 | lin 5,556,284 x 5 
1875 17 507,000,008 | 1 in 291823'500 The usual Table, showing the companies which 
1876 38 538,287,295 1 in 14,165,455 | have contributed thereto, together with the mileage, 





a satisfactory result. 


serious results, but by how much the 
from such is seldom known to any 


hb 


casualties. 


must continue to prove more severe, It is but the 
upon principles ite calculated to deal with one- 
half its amount. With increased traffic must 
come increased speed, increased pressure, and in- 
creased responsibility, It cannot but be thought 
that under such circumstances increased protection 
is needed, and that of a more general character. 
Without it our accidents may become reduced in 
number, but they will in all probability become 
also more serious in their consequences whenever 
they do arise. 

The 150 accidents for the past year are thus clas- 
sified, and opposite them we give the respective 
numbers for the two previous years. 

1874. 1875. 1876, 


doubt, as is remarked in the report, a marked dimi- 
nution in the number of accidents as well as in the 
loss of life arising therefrom, but we are not, taking 
as our standpoint the improvements of the day, in 
accord with the report in concluding that because 
such is the case, the result is so satisfactory as it 
should be. In the above Table the least satisfactory 
classes are those in which accidents arising from 
collisions, engines or vehicles meeting with cr leav- 
ing the rails in connexion with defects of or obstruc- 
tions on the permanent way, and accidents at facing 
points, are represented. It will be observed that 


74, or about one-half, or 50 per cent. of the number 
of accidents quoted in this Table, were cases of 
of | collision under different classes, in addition to 





killed from causes beyond their own 


certain collisions which occurred on inclines or in 


So that in fact the number killed for the year past 
is more than twice that of the previous year, and 
in comparison with the number of passengers car- 
ried the result is in like manner more than twice 
that of the same period. This is not by any means 
It is, of course, agreeable to 
find that the number of serious accidents is not so 
great as was thecase for the previous year; but this 
says nothing with regard to the character of the 
accidents. Numbers of accidents arise from day to 
day of which the public happily know nothing— 
numbers of which are fortunately not attended with 
are separated 
ut those who 
for the time are probably unwilling participators in 
them. It is by the results that we must judge such 
These, as we have remarked, are not 
propitious, and we fear that unless more strenuous 
efforts are made by the companies themselves to 
cope with the pressure which increased demands for 
rapid locomotion throw upon them, these results 


natural sequence of a highly strained traffic worked 


gross receipts, and number of passenger journeys, 
according to the returns rendered to the 3lst of 
December, 1876, is given; and from it, having 
regard to the more important companies, the most 
satisfactory decrease is observable in the Lanca- 
shire and Yorkshire, the Midland, and the London 
and North-Western Railways ; whilst the least safis-. 
factory figures are those appertaining to the Great 
Western Railway. It is, however, only fair to ob- 
serve that the various accidents, necessarily ascribed 
to the companies on whose lines they occurred, were, 
in some cases, attributable to the carelessness or 
mistakes of the servants of other companies working 
over those companies’ lines, 

Of the 23 investigated accidents arising princi- 
pally from obstructions or defects in connexion with 
the pronenent way or works, and which occasioned 
the death of 7 servants of the companies, and injury 
to 69 pegs and 21 servants of companies, it is 
remarked that in 13 cases there was defective main- 
tenance, and in 4 cases defective construction of 
permanent way or works, In 2 cases there was 
also defective maintenance, and in ] case defective 
construction of rolling-stock. In 4cases there were 
insufficient or inadequately enforced regulations ; in 
1] cases negligence or mistakes of officers or ser- 
vants ; and in 9 cases excessive speed having regard 
to the permanent way or rolling-stock. The Great 
Western is the most conspicuous in this class; and 
the state of the Bristol and Exeter section—upon 
which we animadverted strongly at the time—is 
pointedly referred to. Under this head there are 
no less than 905 cases of casualties reported to, but 
not investigated by the Board of Trade, and which 
are not of course included in the above remarks, Of 
this 905, 204 were collisions with obstructions, in- 
cluding cattle, and 464 cases of broken rails, 

The number of investigated accidents classed as 
failures in rolling stock, and which occasioned the 


18 14 23 from engines or vehicles meeting | deaths of 5 servants, and injury to33 passengers and 
with, or leaving the rails in con-|17 servants of companies, is 19. ere were 2 
fe — wert oma fh from | failures of drawbars or couplings, 2 explosions of 
manent way or works. | J0comotive boilers, 3 failures of axles, and 2 of 

18 13 12 from boiler explosions, failures of | Wheel tyres. The total casualties reported to the 

es, wheels, tyres, or from | Board comprise, under this head, 397 axle failures, 
— defects in the rolling | 880 tyre failures, 74 cases of wheel failure, 30 cases 
ae, ‘ , - " 

_ 2 3 from — entering stations at too <o r po | genre eae 

9 10 3 oe ad isions between engines| The three accidents due to trains entering stations 
and trains following one another | at too high a speed occasioned injury to 28 pas- 
on the same line of rails, except- | sengers and 2 servants of the companies, and it is 
- &. junctions, stations, or justly remarked bw such one must — be 

TPE ue to a want of caution on the part of engine 

— _ 3 —_ collisions = —, signals | drivers, ‘‘ coupled in most cases with the disad- 
at stations or sidings. vantageous conditions under which they are work- 

6 7 2 from collisions between engines or | ing as regards gradients, slippery rails, and want of 
en ee | ee i fol 

Jey - collisions between trains following one an- 

. . py mon at level crossings of | other on running lines, there were but 3. These 3, 

17 25 82 from engines or trains being however, resulted in injury to 39 passengers and 7 
wrongly run or turned into | servants of the companies. 
sidings, or otherwise through| Collisions occurring at junctions amount to 19. 

; 8 5 | anges But 1 mger and 1 servant of a company were 

oe 3 1 misteliensens killed, whilst 241 passengers and 25 servants of 

nme | ennen : come : companies were injured, Sixteen cases are set down 
Total 168 164 150 to negligence or mistake on the part of officers 
Judged by the results of 1872, 1873, there is, no| or servants. In 8 cases there was a want of block- 


telegraph working. In 9 cases defective signals or 
point arrangements, or want of locking apparatus. 
Of 13 companies concerned in these 19 collisions, 
there was only 1 on each system, excepting 3 on 
the Caledonian, and 2 on each of the Great 
Northern, London and North-Western, and Metro- 
politan District systems. Ireland is not represented 
in this class, It is again remarked, ‘‘ There will 
always be more or less of risk at junctions, but this 
risk will be materially diminished as the various 
means of precaution come to be generally adopted. 
Continuous brakes, under the control of the engine- 
drivers, to give them better command of their 
trains ; improved signal and point apparatus, with 
interlocking safety points, and bars and 
bolts at facing points, to afford com: control 
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of the traffic to the signalmen, and to prevent 
them from making mistakes; junction block work- 
ing,” &c. 

Collisions within fixed signals is, as usual, the 
heaviest item on the list, Under it the deaths of 20 

ssengers and 6 servants of companies, and the 
injury of 561 passengers and of 4] servants of 
companies are recorded. The causes of the several 
accidents under this head are thus summed up: 41 
cases of negligence or mistake ; 16 cases of defective 
system for securing intervals between trains or want 
of efficient block ; 17 cases of defective arrangement 
of signals or signal apparatus ; 7 cases of insufficient 
or inadequstely enforced regulations; 16 cases of 
insufficient accommodation in lines or sidings; 15 
cases of inadequate brake-power ; 2 cases of foggy 
weather ; and 3 cases of insufficient establishment 
or too long hours of duty: 23 out of the 49 acci- 
dents occurred on the systems of 4 companies, 
namely, § on the London and North-Western, 7 on 
the Great Western, 4 on the Lancashire and York- 
shire, and 4 on the Midland. 

The observations of Captain Tyler on the acci- 
dents of this class for the preceding year are 
thought to be so unusually applicable to those of 
the past year that they are again produced, From 
them we extract the following as possessing, to our 
mind, a strong bearing upon one of the first and 
principal causes of accidents of this nature. ‘‘ Even 
when a system of block-working is in force the 
signalman is allowed to give line clear as soon as a 
train has passed within his home-signal, or is not 
required to block back to the next cabin when an 
obstruction occurs, or is created at or near his 
home-signal,” So long as this continues, and so long 
as the companies refuse to place in the hands of 
engine drivers a proper brake power, we have no 
hesitation in saying the casualties under this head 
will increase rather than diminish; whilst, on the 
other hand, we as readily affirm that a judicious 
employment of these two means would not fail to 
reduce the lamentable results we have now year by 
year brought before us, to at least one-half their 
number, 

Of collisions at level crossings there has been 
but one investigated case. ‘It was caused by 
want of caution on the part of an engine driver, 
under defective system of working with inefficient 
signal arrangements.” 

Accidents at facing points afforded 32 cases for 
investigation, Three servants of a company lost 
their lives, and 89 passengers and 32 servants of 
companies were injured. Sixteen companies par- 
ticipated in these 32 cases. This class shows a 
material increase over the numbers of the previous 
year, In 18 cases there was negligence or mistake ; 
in 19 cases defective signal or point arrangements ; 
in 5 cases defective maintenance ; and in 6 cases 
defective construction of permanent way or works. 
In the remarks under this class itis also pointed out 
that the more common employment of continuous 
brakes would probably tend to reduce the number 
of casualties. 

The 5 accidents on inclines, which occasioned 
the death of 1 servant of a company, and the injury 
of 5 passengers and ]] servants of companies, are 
set down as due to the following causes. In 3 cases 
there was negligence or mistake; in 2 cases there 
was defective signal or point arrangements ; in 2 
cases there was want of accommodation for the safe 
working of the traffic; in 3 cases insufficient regu- 
lations or want of discipline; and in 1 a want of 
brake power. ‘‘In one instance there was an 
illustration of the self-application of an automatic 
brake,” 

The case referred to is that of the Midland, in 
which the up-express on the 15th of August came 
into collision with same wagons which had become 
detached from a down train between Kirkby Stephen 
and Crosby Garrett, and which had fouled the up- 
road. The express train was fitted with the West- 
inghouse automatic brake, which became self-ap- 
plied as one of the wagons struck the front van. 

Summarising the causes contributing or combining 
to produce the accidents thus dealt with during the 
year, the report proceeds: ‘ These figures are not 
satisfactory, either as to actual results, or by com- 
parison with former years. They indicate that 
much is required, in addition to what has been done, 
— for safety in working, more or less, on 

ifferent systems of railway, and they point to the 
special ~ oe in which improvement should 
be effected. The highest figure, 101, represents, as 
usual, the number of casesin which negligence or 


149 train accidents; and the four figures, 48, 25, 
29, and 23, represent respectively means by which 
that negligence may in a great degree be pre- 
vented, namely, (1) by better arrangement of 
signals or points, or interlocking, (2) by a better 
system for securing intervals between trains, (3) by 
improvemement of regulations or discipline, and 
(4) by an adequate provision of lines and sidings 
for conducting the traffic.” 

The number of cases set down to insufficient 
brake-power is 21. It is correctly observed that 
this item is in reality a more important one than 
appears from the figures which represent it, because 
there are always numerous other instances in which 
collisions might be averted, if engine drivers and 
guards had in their own hands the power of readily 
stopping their trains, or if the brake acted of itself 
at once on the occasion of an accident. ‘There is 
it would seem no improvement which would do 
more to prevent accidents, or to mitigate their 
serious consequences, than the use of continuous 
brakes ; and the time has now come when it is in- 
cumbent upon the railway companies to agree 
amongst themselves as to which of the various sys- 
tems of continuous brakes which have been brought 
forward is best adapted for general adoption.” 

With the all-important question of brake power 

the report deals at considerable length, so much so, 
that we propose to revert to it again on another occa- 
sion. For the present we quote the above as in- 
stancing the views of the Board of Trade upon the 
subject ; the question is one of such importance 
that, without extending the present article to an 
unusual length, it would be impossible to fairly re- 
present the views expressed, or to offer any remarks 
of our own in reference to it. 
It is observed that of the 149 train accidents, dis- 
tributed amongst 36 companies, no less than 67 
occurred on the lines of 5 companies in the follow- 
ing proportions, namely, 19 on the Great Western, 
17 on the London and North-Western, 11 on the 
Lancashire and Yorkshire, 1] on the North-Eastern, 
9 on the Midland, the Great Eastern and Cale- 
donian 8, the Great Northern 6, and no other com- 
pany more than 4, 

The progress made during the year in the inter- 
locking of signal and point levers is represented 
by a percentage increase of 6 per cent., and the 
progress in the application of the absolute block- 
system to a further proportion of 7 per cent, of the 
length of railways open for passenger traffic, 

With regard to intercommunication io trains it is 
remarked that the Board of Trade has approved of 
the electrical communication applied to the trains 
on the London, Brighton, and South Coast Railway, 
in place of that previously sanctioned by them, and 
hitherto in use on that company’s line. 

The report concludes with a warm tribute to the 
zeal and ability with which Captain (now Sir Henry) 
Tyler performed the duties appertaining to the 
office so long and so satisfactorily filled by him, and 
directs attention to the serious loss which the de- 
partment has sustained by his resignation. 








THE THAMES VALLEY MAIN 
DRAINAGE. 

As there seems at last to be a prospect of some 
definite sanitary legislation in the Lower Thames 
Valley, it may be interesting to cast a retrospective 
glance over the various projects of the last ten years, 
and the numerous important legislative enact- 
ments, which prove at least that — of efforts 
have been made in this matter, unfortunately with- 
out much result hitherto, 

Mr. Thomas James Nelson, the solicitor to the 
Corporation of London, in his position of chair- 
man to the Hampton Wick Local Board, has lately 
taken up this sewage question, and under his leader- 
ship and good generalship, order (that is a Pro- 
visional Order) has grown into an Act of Parliament, 
which will create a Board for the purpose of carrying 
out the best scheme of drainage for the district. 

A brief outline of the proceedings from their 
commencement may be interesting. In the year 
1866 an Act of Parliament was passed which 
transferred the jurisdiction of the old Commis- 
sioners of the upper district of the Thames to 
the Thames Conservators, who then had control 
from Staines downwards to the mouth of the river. 
By that Act and by another ed in 1867, the 

of sewage into the Thames in the entire 
ames Valley was prohibited under severe pen- 


At the time when this legislation was proceeding 
it appeared manifest to the legislators, and to the 
Parliamentary Committees, that there would be dif. 
ficulty in parishes dealing separately with the ques- 
tion, and a distinct recommendation in favour of 
some combination was made, but as that recom- 
mendation was coupled with others involving the 
use of Crown lands, which it was impossible to get, 
nothing practical could be done, 

In 1867, Messrs. J. W.Grover and E. Wragge pub- 
lished a scheme called the ‘‘ Thames Valley Outfall,” 
to which we shall specially refer hereafter, but of 
which we may now briefly state that it set forth a 
system of combination very similar to that which 
has been ultimately adopted in the Act now 
authorised. We published a review of that 
pamphlet in the fourth volume of ENGINEERING, 
page 559, and the favourable opinion we then 
expressed seems to be fully justified in the result. 
The authors then proposed to take certain farms 
at Bedfont which were for sale, and to pump the 
sewage upon them from one central pumping station, 
to which all the intercepting sewers were to converge. 
The next proposal was that of Messrs. Lucas and 
Wilkinson, which involved also irrigation, but con- 
templated the use of water power for lifting the 
sewage. In 1868 there was a proposal to take the 
sewage to Long Ditton, and another to convey it to 
Woodham Common. Messrs. Meeson and Boyes 
published a pamphlet, recommending a series of 
minor irrigation farms throughout the district, and 
small combinations of towns and places. 

About that time the Rivers Pollution Commis- 
sioners, consisting of Messrs. Rawlinson, Harrison, 
and Dr. Frankland, held local inquiries into the 
state of the river, all the way down from Oxford 
to the sea, and they made three reports to Parlia- 
ment together. The first seriousattempt, however, 
to deal with the subject locally was made by the cor- 
poration of Kingston in 1869. That body endea- 
voured to obtain powers to dispose of the sewage of 
Kingston on a place known as the Ham Fields, near 
Teddington Lock, and Hampton Wick was to have 
joined them, An inquiry took place at Kingston 
before Mr, Rawlinson, one of the inspectors ap- 
— by the Home Office. All the neighbour- 

ood appeared in arms against the project, and a 
large sum of money was expended in fighting the 
question ; and in the end Kingston was beaten. 

Richmond then entered the lists and applied for 
compulsory powers to take its sewage to a dis- 
trict between Wimbledon and Merton. Another 
inquiry was held before one of the inspectors ap- 
pointed by the Home Office ; a violent contest took 
place, in which Richmond shared the fate of 
Kingston. In 1872 Kingston, however, undaunted by 
previous reverses, made another application on the 
strength of having secured, by agreement, about 108 
acres of land in the neighbourhood of Walton-upon- 
Thames, and on this occasion they sought the co- 
operation of Surbiton and Hampton Wick, An in- 
quiry took place before Mr. Rawlinson again, and ter- 
minated in the same way as the former ones had done. 
At this time Sir Joseph Bazalgette appeared upon 
the scene, and projected a grand combination, em- 
bracing all the country from Windsor to the metro- 
polis, with a central pumping station near Hampton, 
whence the sewage was to be lifted to Bagshot Heath. 
Sir Joseph met all the authorities at a meeting at 
the Town Hall at Kingston, where Mr. Peek, the 
member for Mid-Surrey, presided ; there was a per- 
fect storm of indignation at the idea of erecting 4 
pumping station at Hampton, for the people thought 
that the pumps might break and that the country 
would be flooded with sewage. Indeed so great was 
the prejudice upon the subject, that although a Bill 
was brought before Parliament it was withdrawn. 

In 1875 Mr. Bailey Denton published a paper 
proposing that the various districts between Windsor 
and the metropolis should be grouped together, 
and that the sewage should be dealt with at Houns- 
low and on the Ham fields. In 1876 Messrs. Robinson 
and Birch proposed a scheme for dealing with the 
sewage of Surbiton, Kingston, and Hampton Wick, 
in the meadows of the Home Park opposite Surbiton. 
Messrs. Russ and Mins proposed a scheme very 
similar to Mr. Bailey Denton’s, to take the sewage to 
the powder mills near Hounslow, and to use the water 
falling over the weir at Teddington for the pumping 
process. Whilst Colonel Cox was sitting in judg- 
ment on this scheme, Sir Joseph Basalgetto proposed 
that the sewage of the district should be taken by @ 
long rising main into the West Kent outfall sewer at 





alties, but it has never ceased to flow into the 





mistakes of officers, or servants, entered into these 


Thames, and it flows into it to this day, 


Cc \ 
—. other minor local attempts, was that of 
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the Richmond local sanitary authority, consisting of 
Barnes, Mortlake, and Kew, to put their sewage at 
some place in the neighbourhood of Barnes, which 
was vehemently opposed and lost, Esher and Kew 
also made local attempts to deal with their own 
district, but these attempts proved unsuccessful. 

In 1875 the Surbiton Improvement Commissioners 
presented a petition to the Local Government 
Board wishing them to hold an inquiry for a large 
combination, roughly beginning at Windsor and 
ending at the metropolis, and going across from 
Ealing to Croydon. The inquiry thus asked for 
took place in November, 1875, before Colonel Cox, 
and resulted in a report—the closing paragraph of 
which recommends that the Local Government 
Board should facilitate the combination only of 
districts between Hampton and the western boun- 
dary of the metropolis—and in the result the 
large combination suggested was reported against. 
At this stage of proceedings the Thames Con- 
servators sent out renewed notices to the district, 
that they would enforce the penalties for dis- 
charging sewage into the river; which penalties by 
this time had mounted up to a fabulous sum of 
money, being based on 10/. a day for every sewer 
emptying itself into the Thames, 

When matters get to the worst they generally 
mend, and great emergencies sometimes have the 
effect of bringing to the front the right man, 
Mr. T. J. Nelson, the chairman of the Hampton 
Wick Local Board, appeared with a pamphlet 
urging the necessity of adopting Colonel Cox’s 
recommendations, and suggesting a site near Houns- 
low for the disposition of the sewage. His scheme 
dealt with the district from Barnes to Putney. Act- 
ing on this pamphlet, Hampton Wick came forward, 
and applied to the Local Government Board for 
another inquiry, which was held at Kingston by 
Colonel Cox in February last. Mr. Nelson acted 
as counsel for the scheme, and Mr. Grover, one 
of the authors of the ‘“‘Thames Valley Outfall” 
pamphlet of 1867, was the principal engineer 
examined in favour of the project. Inasmuch 
as his scheme has really formed the engi- 
neering framework on which the new Act is being 
built, it may be as well at this point to give a 
general outline of what is projected by him; for 
after all, although’ it has been evidently the idea 
of the promoters of the present Bill to keep any 
scheme in the background, so as to avoid giving 
the opposition anything definite to lay hold of, 
yet the construction of a Board involving the group- 
ing together of certain towns and parishes neces- 
sarily involved the assumption that those towns 
and parishes were physically groupable, and this 
assumption on being challenged compelled the dis- 
closure of the project which lay behind it. 

Mr. Nelson in his pamphlet gave a general map 
of a group of places arranged by Mr. Bailey Denton. 
To use Mr. Nelson’s own words, however, “this 
plan is merely submitted to show that theories only 
are not advanced, and that the question has been 
thought over with a desire to bring it to a practical 
end, but let it be clearly and widely understood that 
it is only a suggestion that the adoption of this 
particular scheme, or, indeed, of any scheme is not 
necessarily part of an application to the Local 
Government Board to form the district recommended 
by Colonel Cox.” The districts comprised in Mr, 
Bailey Denton’s plan, as set forth by Mr. Nelson, 
were Kingston, Surbiton, Brentford, East Moulsey, 
Ham Common, Hampton Wick, Heston and Isle- 
worth, New Malden, Richmond, Teddington, 
Twickenham, containing a population of 119,250 
persons and a rateable value of 722,793/. The most 
important point, viz., the site for the pumping 
station, was not fixed, while the site of irrigation 
farms was shown dangerously near to Twickenham 
and the Thames. 

At the inquiry, and before the House of Lords’ 
Committee, this scheme was not brought forward 
prominently, the ‘‘' Thames Valley Outfall” pro- 
ject, as advocated by Mr. Grover, having formed 
apparently the standard around which the conflict 
was waged—and it certainly is a most remarkable 
fact that after ten years’ discussion the first proposal 
of all should be that which seems to form the nearest 
approach to what is wanted. 

In Mr. Grover's pamphlet, the following objects 
are put forward primarily: (1) The grouping or 
confederation of as many towns as levels will per- 
mit, (2) Non-interference with existing drainage, 
or with future local schemes for towns unprovided 
with sewers. (3) The raising in effect of the level 
of the entire district by means of one powerful 





central pumping station. (4) The absorption of the 
liquid sewage by irrigation without compulsory 
powers. (5) The avoidance of the burden of a 
yearly rate if possible. (6) By a continuous line 
of intercepting sewers, providing not only an outfall 
for all present drains, but for those which may in 
future be constructed. We expect, however, that 
the experience of the last ten years, since the 
pamphlet was written, will make Mr. Grover strike 
out Clause 5. 

The levels of the district it appears would admit 
the grouping together of the whole parishes situated 
between Chertsey and Richmond, including the two 
latter places. Throughout this district it was pro- 
posed to construct four main intercepting sewers, 
having a minimum inclination of 2ft. 9in. per mile, 
to which the sizes of the sewers were so proportioned 
as to give a velocity of not less than one mile an 
hour. The whole of the sewers were intended to 
converge to one central pumping station at Ted- 
dington Lock, where a reservoir was to have been 
constructed, capable of containing twelve hours’ 
flow of sewage and six hours’ rainfall, at the rate 
of } in. depth in twenty-four hours. From this 
reservoir it was proposed to lift the sewage through 
an iron main to a farm near East Bedfont, about 
five miles off, where land was available, and where 
a remarkable bed of gravel suitable for filtration 
exists, 

The population proposed to be dealt with by Mr. 
Grover in the year 1867 was 60,000, and the rateable 
value of the district was 375,110/.—both have 
considerably increased since—the cost of the works 
at that time was 130,000/., and the working ex- 
penses and interest for this money then represented 
annually 11,665/.; but as Mr. Grover explained, the 
cost now would not probably be less than 200,000/. 
On the original figures the rate would have been 
74d. in the pound, 

In his evidence Mr, Grover still thought that 
irrigation would be the best method of disposing of 
the sewage. He had originally estimated for one 
acre for 150 persons; but during the last ten years 
it had been shown at Merthyr and elsewhere that 
nearly ten times that number could be dealt with on 
the acre. The real question, however, seemed to be 
that of combination or non-combination, and on 
this it is worth while to quote Mr. Grover’s 
pamphlet. He says: ‘‘ By a combination of towns, 
all heavy incidental expenses, such as law, parlia- 
mentary engineering, and management would be 
spread over a large district, and not be oppressive, 
whereas by separate action these items would form 
a most serious burden.” His recommendations in 
1867 — which are those which practically have 
prevailed—were, that an ‘ Outfall Sewer Board” 
should be formed of members elected from various 
local boards and vestries affected, and that this 
board should not interfere with local drainage which 
should remain in the hands of the Jocal authorities, 
it should simply confine itself to providing ‘ out- 
fall.” In many cases, however, the intercepting 
sewers really go far to effect a local drainage 
system. 

Mr. Grover then proceeds to give the general 
engineering principles which have been adopted in 
his project. The quantity of sewage, its time of 
tlow, the rainfall, the sizes and forms of the sewers, 
the methods of crossing the rivers, &c., and finally 
the pumping power; and his pamphlet is illustrated 
with two maps, showing a considerable amount of 
careful thought and real study of the question, 
which it is certainly strange that it should have 
taken ten years to bring into notice. 

At the inquiry which took place.at Kingston be- 
fore Colonel Cox, Sir Joseph Bazalgette gave evi- 
dence against Mr. Nelson’s combination, because he 
said it involved dealing with the sewage in the dis- 
trict, which he thought could not be done satis- 
factorily. The right mode he believed of dealing 
with the question was to be found in the total in- 
terception of the sewage of the district and con- 
veyance to some external outfall works, At the 
present time an outfall was in course of construction 
at Long Reach, seven miles below the metropolitan 
drainage outfall, and it was being carried up 
through West Kent to Croydon, where it was with- 
in ten miles of the proposed district. A sewer ten 
miles in length would, he said, remove entirely the 
sewage of this district from the neighbourhood at a 
less cost than a sewage farm, He, therefore, re- 
commended the conctruction of such a sewer. The 
answer Mr. Nelson made to this was, that this 
project of Sir J. Bazalgette had been fully con- 
sidered on a former occasion not very long ago, and 





had been reported against by the Local Government 
Board, In the result Colonel Cox reported upon 
Mr. Nelson’s application favourably, and the Bill 
came before the House of Lords’ Committee in 
the beginning of July, where it was contested for 
four days. 

The chairman of the committee was Lord Talbot 
de Malahide; there were various opponents to the 
Bill, but the most formidable was Twickenham, 
where a costly system of drainage has already been 
adopted on the basis of precipitation, and contracts 
to the extent of 17,0007. had been entered into, It 
was argued that the cost of the present proposed 
precipitation works was known, whereas that of the 
contemplated combined district was unknown ; while 
it was added that Twickenham was following some 
recommendations made on a former occasion by 
Colonel Cox, and that Mr, Leech, the engineer of 
the Thames Conservancy, had approved of what 
was being done, while Ealing had already been 
able to satisfy the Conservators by a similar process 
ed gyn te ewe In proof of this Mr, Jones, who 

carried out the Ealing works, was called in 
support of T'wickenham’s opposition. 

n looking over the Bill, which is called a Pro. 
visional Order, on page 13 a description is found of 
what is intended to be done, viz., forming a united 
district under Section 279 of the Public Health Act 
of 1875. It is addressed to the Hampton Wick 
Local Board, being the sanitary authority for the 
urban sanitary district of Hampton Wick in the 
county of Middlesex ; to the several other urban 
authorities mentioned in Schedule A to this order ; 
to the several rural sanitary authorities mentioned in 
Schedule B to this order; and to the inhabitants 
of certain places. Turning to pages 20 and 21 the 
places are given. First of all there is Ham Common, 
then Hampton Wick, East Moulsey, Kingston-on- 
Thames, ate Malden, Richmond, Surbiton, Ted- 
dington, Twickenham; and amongst the rural dis- 
tricts Kingston Union, and seven other comparatively 
small places, Hampton, Hook, Esher, Long Ditton, 
Thames Ditton, and West Moulsey, Richmond 
Union, Barnes, Kew, Mortlake, and Petersham, 

These places are all of them near the Thames, 
and some of them have no drainage at all except 
local cesspools, while some of these have gone on 
sending their drainage more or less purified, others 
not purified at all, into the Thames. In fact there are 
at this moment running against several of the places 
summonses for penalties amounting to no less than 
200,000/, under the Thames Conservancy Acts of 
the years 1866-7. By Section 279 of the Public 
Health Act, it is provided that, ‘‘ where, on the ap- 
plication of any district it appears to the Local 
Government Board that it would be for the ad- 
vantage of such district that there should be a 
united district for the purpose of making a main 
sewer, or carrying into effect a system of sewerage, 
then the Local Government Board may by Pro- 
visional Order form such districts or contributor 
ey into a united district, and that all costs shall 

ea first charge on the rates.” And further by 
Section 280 of the same Act, it is enacted that the 
‘‘ governing body of a united district shall be a joint 
board, consisting of such ex officio members, and of 
such numberof elective members as the Local Govern- 
ment Board may by Provisional Order forming such 
district determine, and that a joint board shall be a 
body corporate, &c.” Then in Section 28] itis enacted, 
‘That the Provisional Order forming a united dis- 
trictunder that Act shall define the purposes for which 
such united district is formed, and the powers, duties, 
rites, capacities, liabilities, and obligations uader 
that Act, which the joint board is authorised to 
exercise and perform, and is made subject to and 
shall contain regulations for elections,” &c. Then 
on line 6, on the following page: ‘‘ Upon the con- 
stitution of the joint board, the local authorities 
having jurisdiction in the component districts or 
contributory places shall cease to exercise therein 
any powers, or to perform any dutles, or to be sub- 
ject to any liabilities or obligations which the joint 

oard is authorised to exercise or to perform, or is 
made subject to; nevertheless the joint board may 
delegate to the local authority of any component 
district its authority.” 

It then goes on to say that Hampton Wick Local 
Board, having applied to the Local Government 
Board to form the several places above named into 
a united district, that the Local Government Board 
did hold a proper inquiry on the subject, and conse- 
quently recommended the formation of a united dis. 
trict to be called the ‘‘ Lower Thames Valley Main 
Sewerage District,” for the purpose of making a 
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main sewer for the use of all the above places, and 
further ordered that a joint board should be made. 
Then passing over minutiz, the Bill proceeds to 
define with that amount of verbiage common to 
Parliamentary procedure, the purposes for which 
the united district is to be formed, viz., for dis- 
osing of the sewage in the best place, and in the 
est way, so that pains and penalties shall no longer 
be incurred. ‘Then there is a precise definition of 
what is meant by the duty of the Board, and where 
its obligations are to cease. Then come the various 
clauses relating to the purchase and acquisition of 
lands; and with respect to these it is important to 
note for the satisfaction of those gentlemen who 
have fine parks and properties in the district, that 
nobody’s land can be taken without due notice, nor, 
in fact, without his consent, and the approval of the 
Local Government Board, while a Bill which must 
pass through Parliament—exactly as is the case of a 
railway Bill ; indeed there is a great deal less power, 
instead of more power, of taking land than in an 
ordinary railway case, for in the latter a Bill is 
brought in simply, but in this case there are two 
previous opportunities of objecting. 
Such briefly are the objects of the Bill, and 
against it appeared a formidable array of adversaries, 
the chief of whom were the local Board of Twicken- 
ham ; with them came a number of owners of pro- 
perty. It would not interest our readers to wade 
through the long evidence that was given; it may 
be sufficient here to state that Twickenham, having 
already expended some 30,000/. in sewage works, 
was finally struck out of the combination, a result 
deeply to be deplored, more especially for the sake 
of Twickenham itself, which will certainly be glad 
enough some day to avail itself of the outfall pro- 
vided by the new Board, on which it will now be 
unrepresented. ‘To compare what is physically 
ae in the way of combination with what is 
egally now authorised, we will compare the list of 
places given as a proper combination in Mr. Grover’s 
pamphlet of **The Thames Valley Outfall,” with 
those adopted by Colonel Cox and now by Parlia- 
ment, from which Twickenham only has been ex- 
cepted. 
Mr. Grover’s 
Combination. 


Chertsey. 
West Moulsey. 
East Moulsey. 
Thames Ditton. 


Colonel Cox’s 
Combination. 


West Moulsey. 
East Moulsey. 
Thames Ditton. 


Long Ditton. Long Ditton. 
Sarbiton. Surbiton. 
Kingston. Kingston. 
am. Ham. 
Petersham. Petersham. 
Richmond. Richmond. 
Littleton. 
Shepperton. 
Sunbury. 
Hampton Court and Hampton Court and 
Hampton. Hampton. 
Hampton Wick. Hampton Wick. 
Teddington. Teddington. 
Twickenham. Twickenham. 


bearing on truck, coinciding with centre line of 
engine, 404‘in. ; distance from centre of cylinder to 
centre of frame, 17 in.; diameter of steam passage, 
44 in. ; exhaust passage at base of blast nozzle 7 in., 
by 44 in. 
all contained in the Table 
ante. 
passages is clearly shown in the different figures, 
and Figs. 123 and 124 give sections of the valve and 
indicate the mode of attaching the steam chest. 
The latter measures 17} in. by 19} in. inside, and is 
5¢ in. high. The sides of the chest are 1 in. and 
63 in. high, and rest on a recess formed around the 
valve seat on the cylinder. The cover, 1 in. thick, 
is strengthened with flanges running around its 
upper and lower face, and projecting beyond the 
sides to receive the attachment bolts surrounding 
the chest. These latter are 1 in. in diameter, 
are spaced 6 in, apart, and are secured into the flat 
surface formed on the cylinder casting around the 
valve seat. Around the valve chest is alight cast-iron 
casing #in. thick, arranged as shown in Figs. 122 and 
123, the side pieces being flush with the projecting 
edge of the cover, and the top piece overlapping 
it to hold it in place. ‘The top piece is secured 
by screws, as shown. ‘The back cover of the 
cylinder carries the brackets to which the guides 
are bolted, and to it is also attached the light 
cast-iron casing enclosing the cover, and projecting 
beyond the flanges to hold the lagging of the 
cylinder in place. ‘The back cover is also enveloped 
in a similar casing, held by a bolt fastened into 
the centre of the cover, a distance piece being in- 
troduced between casing and the cover, as shown. 
Each cylinder casting 1s bolted to the frame by 
ten 1 in. bolts, passing through the flange fitting to 
the frame, and strengthened by two ribs extending 
to the cylinder, as shown. It. is also bolted to the 
smokebox of the boiler by eight bolts 1 in. in dia- 
meter, and arranged as shown at a, Fig. 117. The 
two halves are bolted through the flanges 4 and c¢, 
the latter shown in dotted lines, and running outside 
the main rib of the casting. They are also bolted 
to the cast-iron box which receives the centre 
pin of the truck, as shown in the general view of the 
engine, 
Figs. 125 to 132 show the cylinder castings for the 
Class ‘‘I” engines. These are 20 in. in diameter and 
24 in. stroke. It will be noticed that in this engine the 
main frame of the engine is doubled, and formed of 
two bars 4in. by 3}$in., and placed 13in. apart. 
The cylinder casting passes between these frames, 
which rest in suitable recesses, and are fastened to 
it, as shown in Fig. 129. The principal difference in 
the arrangement of the steam and exhaust passage 
is due to the greater depth of the casting, and the 
peculiar disposition of the frames. It may be men- 
tion that the open space between the frame and 
the central web of the casting is enclosed with wood 
casing, while the openings in the web are also filled 
in with wood, Figs. 126 and 127. The area of the 
exhaust opening to the blast pipe is 7 in. by 44 in., 
and the steam openings are 44 in, in diameter. All 
the dimensions of steam sages and valves are 





Hook. 
; New Malden. 

It will be seen by this comparison that it would 
be possible to extend the area actually adopted, and 
without doubt this will be done sooner or later. 
What really governs the area of district to be in- 
cluded is the length and depth of the projected line 
of sewers ; and it must be manifestly the general 
interest to obtain the greatest number of ratepaying 
places on the line of sewers, so as to spread the ex- 
penses over the greatest possible area. 

It is certainly not much to the credit of the in- 
telligence of the district that a scheme which was 
so ably advocated ten years ago should have made 
so little progress, but it is a satisfaction to think that 
even now it should be on a fair way to adoption, 
and it would not be right to ccuclude these observa- 
tions without again stating that to Mr. T, J. Nelson 
the thanks of the community a:e due no less than 
to Mr. Grover, for having solved what seemed to be 
an insoluble problem. 





THE PENNSYLVANIA RAILROAD. 
No. XXX VI.—Locomorives—(continued). 
CYLINDERS, 

Fies. 117 to 124 of our two-page engraving 
are details of the cylinders for the Class ‘*C” 
engines. Each cylinder, valve seat, exhaust and 
steam passages, smokebox and truck bearing, are 
cast in one piece. The leading dimensions are as 
follows: Diameter of cylinder, 17 in. ; stroke 24 in, ; 


slightly chamfered edge around it. It is formed with 
a cap in the middle to cover the nut, which attaches 


the plate is slightly recessed with a circle 2} in. 
in diameter, Between the radiating arms, the spaces 


given in the general Table published on page 66 
ante. The details of valve chest are similar to those 
described for the “C” engine. The castings are 
fastened to the frame by five ]} in. bolts passing 
horizontally through the lower, and two others of 
the same diameter vertically through the upper 
frame. There is also the attachment shown in 
Fig. 129. Here it will be seen that four other bolts 
are used, two of them passing through both frames 
and casting outside the steam passages, and two 
shorter through the lower frames and the outside 
flanges of the casting. The smokebox connexions 
are shown in Fig. 130, and are like those for the ‘+ C” 
engine. The two castings are fastened together by 
bolts passing through the outer flanges. 


STANDARD PIsTOon. 


Fig. 133 shows the standard type of piston 
used on the Pennsylvania Railroad. The one 
selected for illustration is for the 17 in. cylinder 
engines, The body of the piston is 33 in. deep, with 
a taper hole 2} in, in diameter. The piston is made 
with five radial arms lin. thick, expanding at the 
outer ends, as shown, to admit five jin. bolts 23 in. 
long, by which the piston cover is attached. The 
latter is 16jin. in diameter, and } in. thick, with a 


the rod to the piston At the occurrence of each bolt 


The dimensions of ports, valves, &c., are 
ublished on page 66 
The arrangement of the steam and exhaust 


are occupied by springs 53 in. long, , in. thick in 
the centre, 23 in. broad, and } in. deep in the 
middle, where a hole }# in. in diameter is formed, as 
shown, to receive the adjusting bolts, which, with 
the —; heads and locking nuts are shown in the 
section. The heads of these bolts fit in a recess formed 
in the body of the piston, as shown. ‘The springs 
abut upon an iron ring 15} in, in diameter and } in. 
thick, and on this are the two brass packing rings 
1} in. wide and ? in. thick, having an annular grove 
turned in their face } in. by 2 in.; this groove is 
filled with Babbit metal, and the rings are afterwards 
turned up and split diagonally. 


CROSSHEADS, 


Figs. 134 to 137 show the construction of the 
standard crossheads for the Class ‘“* C” engine. They 
are of cast iron and of the section given in Fig 136. 
The body of the crosshead is 4$in. wide, with two 
wings 2¢ in. wide, 16in. long, and 13 in. thick; 
these wings occupy the space between the guides, as 
shown in the general elevation of the engine. Fig. 134 
is an end elevation of the crosshead showing the 
mode of attaching the piston rod. The latter is 
23 in. in diameter, reduced when it enters the cross- 
head to 2/,in., the length thus reduced being 
4$in. long. The hole receiving this piston rod end 
passes through the front end of the crosshead, a 
distance of 5in. The rod is held in place by a taper 
key Yin. long, 2in, wide at one end, and 2 in. at 
the other, the thickness of the key being fin. It is 
held in place by a vertical split pin as shown. The 
rear part of the crosshead is forked as shown, and 
the point of attachment to the connecting rod is 
below the guides (Fig. 135), where it is formed with 
two circular jaws 3} in. radius, 2 in. thick, and 3 in. 
apart, Through them passes the pin upon which the 
connecting rod end is placed, and the centre of 
which is 8} in. from the front face of the crosshead. 
The pin is 2gin. in diameter in its parallel part, 
that is between the jaws, the ends fitting in the 
holes in the jaw being tapered. The length of the 
pin is 7in., of which 3in. in the centre is parallel, 
The portions of the pin seated in the crosshead have 
a taper of »;in. in 62in. The smaller end is ter- 
minated by a screwed portion 1} in. in diameter and 
23 in. long, by which with two lock nuts, the pin is 
held in place, a washer ys in. thick being interposed 
between the nuts and the face of the crosshead. A 
clearance of ys in. is left for drawing up the pin as 
shown. The straight pump arm, which carries the 
pump rod plunger on passenger locomotives, is shown 
in Fig. 137. It isa bracket cast with the crosshead, 
and the centre of it corresponds with the centre of 
the connecting rod pin; it is 3 in. wide and slightly 
curved to meet the pump rod, with a hole l}in. in 
diameter 1lin. from the centre of the crosshead, 
The pump arm shown in full lines is that for the 
Classes ‘D” and “ E,” and consists of a wrought- 
iron bracket fastened to the side of the crosshead by 
three partly countersunk screws placed 6} in. apart, 
and jin. indiameter. The underside of this bracket 
is formed with a dovetail, which fits into a recess 
in the side of the crosshead lin. wide and jin. deep 
(Fig. 136). 

The crosshead for the Class ‘‘ 1” engine is of quite 
a different arrangement, and is shown in Figs, 138 
to 143. In these engines, the crosshead works 
between guides placed 13 in. apart, consists of a 
cast-iron box 12in. deep, 24in. long, and 6 in. 
wide. The top and bottom of the box are lined 
with brass 44in. wide, and }in. thick, turned over 
at each end as shown to keep them in place. From 
Fig. 140 it will be seen that on each side of the cross- 
head, at top and bottom, are side pieces project- 
ing beyond the brasses 1 in. On one side these pro- 
jections are cast on with the crosshead, on the other 
they are bolted on with four bolts 6}} in. apart 
(Figs. 139 and 143). On one side of the crosshead a 
pump bracket is cast, projecting 7}in. from centre 
to centre, and 3in. wide. The forward part of the 
crosshead is formed with a block 64 in. high and 7 in. 
wide to receive the taper end of the piston rod, 3 in. 
in diameter at one end, 2gin. at the other, and 
Sin. long. The rod is fastened in with an inclined 
key gin. by 3in. The centre of the connecting 
rod pin is 12 in. from the face of the crosshead. It 
is 3in. in diameter, and 34in. long in its parallel 
part, between the jaws of the crosshead. On one 


side it is formed with a head 4, in. in diameter, and 
tapered, fitting into a hole in the side of the crosshead, 
and held in place by a key ys in. by v5 in. (Fig. 138.) 
On the other side it is tapered down to 23 in. in 








distance from centre of cylinder to outer face of 





diameter, and kept in place by lock-nuts as shown, 
and as described in the Class ‘‘ C” crosshead. 
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ENGINE TESTING. 
To THE Ep1Tor OF ENGINEERING. 

Srr,— What is also wanted in the case of engine tests on 
the excellent system employed has Fletcher at Messrs. 
Craig and Sons, and by Messrs. Donkin and Co., generally, 
is an indicator diagram representing accurately the mean. 
performance of the steam in the cylinder during each test. 
That is to say, we want to know accurately the initial, final, 
and all intermediate pressures during the test. With this, 
the weight of water fed into the boilers, the coal burnt and 
its quality, the heat rejected, and the other information 
given, the economic action of both boiler and engine can be 
examined with a precision and certainty leaving little to be 
desired. Inthe case of Messrs. Craig and Sons’ engine, 
the point of cut-off being varied by the governor, a diagram 
such as the above could scarcely be obtained. But a few 
really good experiments, such as those carried out by Messrs. 
Donkin and Co. some years since, and published in your 
pages, would serve to settle several uncertain points con- 
nected with the use of steam, and probably have no in- 
considerable effect on the future economy of the steam 
engine. The chief results of Mr. Fletcher’s experiments 
are given in the following Table : 


cash and 54s. 7}n. one month, sellers asking 1d. per ton more. 
The afternoon market was quiet at the forenoon’s closing 
prices. An opinion is pretty prevalent that the market 
may be expected now to gain a little more strength, 
and that there will be a moderate amount of buyimg. 
There is rather a quiet feeling in the demand for shi 

ping iron, but makers’ prices are practically unchanged, 
though several special brands can now be purchased from 
second hands on easier terms than the makers’ quotations. 
A ne greatly of iron is being sent into the warrant 
stores , and the stock up to last Friday evening was 
158,042 tons, the increase for the week being 2101 tons.: 
There is no alteration to report in the number of blast fur- 
naces in operation, the total still being 87 as against 115 
at the same time last year. Last week’s shipments of pig 





pared with 9637 in the corresponding week of last year. 


The Clyde Shipbuilding Trade—The Clyde continues 
to be fairly well supplied with work, but owing to the fact 
that the shipwrights and some other workmen still remain 
| out until the basis of the arbitration is settled, the progress 
| making with the work in hand is not what it ought to be. 
| As many as seventeen keels for new vessels were laid in the 





NUMBER OF EXPERIMENT 





Absolute boiler pressare in pounds per square inch 
initial pressure on piston ,, » 
“ terminal - ‘ ” © 
Approximate ratio of expansion ose 
Mean effective pressure ose ea 
Temperature of water from condenser 
pi injection water . 
Indicated horse power... 
Water fed into boiler per 
Heat rejected per indicated horse power per hour 
Jacket water per indicated horse power per hour 


indicated horse ‘power per hour 


Heat expended (from 41 deg. Fahr.) per indicated horse power per hour. 
Heat carcied into cylinder per indicated horse power per hour provided 


fed into boiler enters cylinders as steam 


Heat that would be rejected per indicated horse power per hour under the same 


assumption ... ooo ose eco eee ose 
Coal per indicated horse power hour, 10,000 units 
Steam per indicated horse power per hour ca 

accounted for eee cee ote ooo oes ove 
Heat expended per pound of steam (from 41 deg. Fahr.) ose 
Water mixed with steam per indicated horse power per hour 
Percentage of water mixed with the steam eco a: ooo 
Heat expended per pound of feed-water ... 











o~ aa 1 2 | 8. | 4 5. 
| 
. - Ib} 720 | 720 | 52.0 47.0 | 47.0 
«-p,, | 5897] 58.02] 41.88] 39.78] 41.48 
wp? ,,| 1184] 13.0 14.0 12.52 | 14.14 
; 4.98 | 4.46 2.99 3.18 | 2.93 
PD » | 23.5 24.72 | 22.98] 20.82] 23.64 
‘ deg. Fahr.} 96.43 | 102.58 | 104.67 | 106.8 | 90.9 
ee ee me 41.0 | 41.0 | 41.0 41.0 | 41.5 
«tee ct teh aoe MD SRS Ses Dae Poe 
i. 4 Ib.| 25.15 | 23,05 | 28.08] 28.94] 27.69 
iad units} 21,850 | 22,656 | 29,310 | 2,838 | 26,293 
7 we Ib. .82 .80 | None | None 88 
++ ave Units} 24,415 | 25,221 | 31,875 | 31,403 | 28,858 
all the water 
units) 29,132 | 26,716 | 32,432 | 33,400 | 31,900 
vest wee aee eee Wits] 26,567 | 24,151 | 29,867] 30,835 | 29,935 
par pean being utilised .., Ib.) 2.44 2.52 3.18 3.14] 2.88 
culated from the heat actually! 
oe wee oeeSts«iD| Ss 2,08 | «21.76 | 97.60] 97.21 | 25.05 
Be . units|115% [1159 | 1155, [1154 |1152. 
mr tes Ae ee 1.29 0,48 173 | 2.64 
we owes wwe 0,162] 0.056 0.015] 0.06 | 0,095 
. units} 970 1094 | 1135 | 1085 | 1042 














In regard to these results it may be noted that the 
greatest economy coincides with the highest pressures and 
highest rates of expansion. The least economy is shown 
during the two low-pressure experiments without the steam 
jacket. (An experiment without the jacket at the higher 
pressure and with the higher rate of expansion would have 
been interesting). Singularly the best result of both the 
high and low-pressure trials was got with the wettest 
steam, the jacket being in use. 

The jacket does not appear, however, to have been very 
efficient, although I believe had it been more efficient, the 
result would have been but a slightly lessened steam con- 
sumption, with an appreciable increase in the heat ex- 
pended per horse power, and consequently a greater coal 
consumption. 

With a cylinder well cleaned the heat radiated cannot be 
of serious amount, and in most cases it is more than 
counterbalanced by that due to the friction of the parts in 
contact with the steam, and which heat must certainly find 
its way to the condenser. It is not generally recognised 
that a pound of steam liquefied in a jacket does not repre- 
sent the same quantity of heat as a pound liquefied in the 
cylinder, the initial and final pressures in each being the 
same. The quantities given as being the heat expended 
per pound of steam in the above Table, take this point into 
account. The difference between the heat accounted for 
and that calculated in the assumption that the steam is 
supplied ary, is due I think not so much to cylinder radia- 
tion as to the fact that the steam is not supplied dry. And 
the difference between the two quantities gives a means of 
ascertaining how much water was mixed with the steam 
supplied to the engine. 

I am, Sir, your obedient servant, 
W. H. Norrucotr. 

8, Union-court, September 5, 1877. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last the price 
of pig iron warrants fell to 54s. 44d. cash, and on the 
ollowing morning the market opened at even 1d. per ton 
lower ; but there was subsequently an improvement to 
- 44d. cash and 54s. 6d. one month before the forenoon 
market closed. Business was done in the afternoon at 
54s. 4td. and 54s. 5d. cash, the market closing with buyers 
at 54s. 5d. cash and 54s. 6d. one month, sellers 1d. per ton 
higher. The warrant market was somewhat firmer on 
Monday, the improvement that set in on Friday being 
continued. An advance of 2d. per ton was made. Busi- 
ness was done in the forenoon at 54s. 6d. cash, and in the 
afternoon at 54s. 6d. to 54s. 73d. The market closed with 
sellers at 54s. 74d. cash and buyers 54s. 7d. Yesterday’s 
market also opened firm, and at a further advance of 1d. 
per ton, but that was not maintained, and prices closed as 
on Monday. In the morning business was done at 54s. 8d. 
cash, and closed sellers at that price, and buyers at 54s. 7d. 
In the afternoon 54s. 7d. cash, and from 54s. 9d. to 54s. 74d. 
one month were paid, closing sellers 54s. 9d. one month, 
and 54s. 7}d. cash, buyers 1d. less. The market was flat 
this forenoon, when business was done in warrants at 
54s. 6d. and 548. 6}d. cash, also at 54s. 7d. fourteen days 
and 54s, 74d. one month, closing with buyers at 54s. 6a. 





course of last month, ten of them being placed in the last 
week of the month, thus showing that the shipbuilders 
have become pers, confident that the dispute will soon be 
amicably settled. There are well-nigh 120 vessels in hand 
in some stage of advancement. During last month there 
were sixteen vessels launched, of a total of about 11,000 
tons, the total for the past eight months being about 
107,000 tons, as against 128,700 tons in the same period of 
last year, and as much as 169,500 tons in the same period 
of 1874. The largest vessel launched last month was the 
Warwick Castle, one of Donald Currie and Co.’s Cape 
mail liners, a vessel of 2970 tons and 500 horse power, 
built and engined by Messrs. Robert Napier and Sons. 
There was a sailing vessel, the Hereward, of 1600 tons, 
built by Messrs. Robert Dunean and Co. 


Completion of the Tay Bridge. —On Thursday, last 
week, the directors of the Tay Bridge undertaking made 
an inspection of the bridge and witnessed the hoisting of 
the last two girders to their full height. The station and 
tunnel works on the Dundee side were ouegents in- 
spected. The bridge is now completed, all the girders 
having been raised to their full height. 


The Profits on Clyde Shipbuilding.—It may be of some 
interest elsewhere to know that the so-called dull trade on 
the Clyde is not altogether an unprofitable one, if the 
example now to be referred to is at all indicative of the 
— state of the transactions during the past year. 

he dividend of the London and Glasgow ineering and 
Shipbuilding Company (Limited), will be at the rate of six 
per cent. for the present year, with 14001. carried over. 
This compares with five per cent last year and ten per cent. 
two years ago. 

New Harbour for Buckie.—The Diamond Rock-Boring 
Company have now commenced operations at the }New 
Harbour Works, Buckie. They cae erected a staging 
preliminary to the submarine boring and blasting of the 
rocks lying at the entrance to the harbour, 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Probable Strike of Thirty Thousand Miners.—A general 
strike of the whole of the miners of South Yorkshire and 
North Derbyshire is likely to take place, the men having 
declined to accept the reduction of 5 per cent. which has 
been notified by the employers. The coalowners will now 
probably determine to enforce their demands, 


The Stephenson Memorial Hall.—This hall, which will 
be erected at Chesterfield, will be representative of the 
whole of the engineers not only of that but of this district. 
The foundation stone will be laid in the month of October 
by the Marquis of Hartington, whose brother, Lord 
Edward Cavendish, is President of the North Derbyshire 
Institute of Engineers. The tenders for the building range 
from 99931. to 8582/. 

The Ripley Water Works.—The new reservoir at this 
place is now quite full, and contains 280,000 gallons. The 
mains are in course of being laid throughout the town, and 
the service pipes laid in for the use of the consumers. 


Henry Briggs, Son, and Co. (Limited).—The half-yearly 





iron from all Scotch ports amounted to 9281 tons as com. | P 


meeting of the shareholders of this famous Co-o) 


tive 
Colliery Company was held on Monday at the itwood 
Colliery. A dividend of - oe cent. was adopted, and the 
chairman said they had hitherto without any far- 
ther call upon the B shares, although had now to face 
a considerable expenditure in the completion of the Silk- 
stone shafts. There would not, probably, be any improve- 
ment in trade until the Eastern war came to an end. 


Opening of New Water Works.—At the vi of Mid- 
ER alk wear a system of water a just 
been compl at the sole expense of Mr. Bateman, a 
local resident. The water is brought from the Radford 
brook, and forced up by an engine of 27 horse power from 
the dale into the reservoirs,.whence there is a gravitation 
ressure in the mains of about 300lb. to the square 
inch, and the water will rise 120 ft. at the fire hydrants. 
The supply is given full. 


The Drainage of Pontefract.—This 
considered at the eine of the Local Town Council on 
Thursday evening last. It was stated that a petition had 
been filed against the council as to the drainage of Grove- 
town, and the report of a Local Government Board In- 
oes, made four years ago, was endorsed by a section of 
thecouncil. This report stated that the system of drainage 
was deficient, and that 175 water-closets were connected with 
the mains which were never intended to be so connected. 
One councillor contended that they could not be made to 
spend 10,0001. because they already had drains. The town 
clerk, however, held the contrary view, but the question 
was finally again deferred 


The Price of Gas at Shefield.—The directors of the 
Sheffield United Gaslight Company have decided to reduce 
the maximum price of gas from 2s. 10d. to 2s. 9d. ~ 
1000 cubic feet from January Ist, 1878. One reduction has 

ly been made this year. 

Floods in South Yorkshire.—Owing to the heavy and in- 
cessant rains of Sunday and Monday large tracts of land 
were inundated, and the line of the Manchester, Sheffield, 
and Lincolnshire Railway was placed under water to a depth 


of 2 ft., near Rotherham. At some of the collieries the 
water has caused great trouble. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
larger attendance on ’Change at Middlesbrough, and it 
was hoped that prices would be a little firmer. Indeed 
there was a better tone in the market until the Cleveland 
Ironmasters’ Association returns showing the real position 
of the pig trade were issued. When these were hung up 
on ’Change they were eagerly scanned. It appears that 
there are 162 blast furnaces in the North of England, 106 
of which are in operation, the remaining 56 standing idle. 
There are three new furnaces being constructed. The 
prices of pig iron were unchanged, being based upon No. 3 
selling at 40s. 6d. per ton. A good deal of p eee 
sent to the Continent, especially to France, y, an 
Belgium. The finished iron trade continues depressed. 
Had it not been that the plate trade has been active for a 
long time the manufacturers would have had next to nothing 
to do. Commercial people hope that the war will soon , 
terminate, and believe that the establishment of peace will 
be speedily followed by good trade. In the mean time the 
pressure is severe upon capitalists whose money is locked 
up in works that are being carried on at a loss. The 
Cleveland manufacturers are eagerly on the watch for rail 
orders. The only f: ent of goo news for this district 
is that a large order for chairs been divided between 
two foundries on Teesside. 

Engineering and Shipbuilding.—The several firms on 
the banks of the northern rivers are kept busy with en- 
gineering and shipbuilding. A large number of ships in 
various stages of progress may now be seen on the T'yne 
and Tees. 


The Coal and Coke Trades.—Every kind of fuel is a drug 
in the market. Until there is more activity at the iron 
works the collieries will not be so profitable as they were a 
few years ago. 


Tae ITauran Navy.—An official statement of the esta- 
blishment of the Italian Navy on the 1st of July, 1877, has 
just been published at Rome. The statement shows that 

taly now possesses fourteen ironclad frigates, one monitor, 

two ironclad corvettes, three wooden frigates, two screw 
corvettes, four paddle-wheel corvettes, six screw transports, 
five gunboats, three screw avisos, six paddle-wheel avisos, 
six ~ is tugs, four paddle-wheel tugs, and one torpedo 
vessel. 


THE TELEPHONE IN OPERATION.—Hitherto no speak- 
ing signals to the surface have been possible in mines of 
great depth, and cord signals have been very indefinite. 
Yesterday Dr. C. Le Neve Foster, Government Inspector 
of Mines, and his brother, Mr. A. Le Neve Foster, an 
electrician, conducted experiments at the Eliza Mine, St. 
Austell, with the telephone, which has never been tried in 
a mine. The little instrument, attached to a covered 
cop wire, was sent down the ventilating shaft, and 
within a quarter of an hour, speaking at the bottom of the 
mine was distinctly heard above, even more audible than 
at the bottom of the mine, where questions were asked 
and answered with perfect ease, demonstrating its thorough 
adaptability to mines. It was used by miners and others 
who had never seen the instrument before, and being so 
simple, efficacious, inexpensive, and quickly fixed, it might 
be adopted in every mine in country next week. An 
olesen. aate eitention when, egepling: i. qaueenae See 
end.— 2 
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RIVETTED JOINTS FOR STEAM BOILERS. 
To tHe Eprror or ENGINEERING. 
S1r,—The accompanying di has been prepared 
with a view of oa graphically the proportions of 
single and double rivetted joints for steam bo ers, for plates 
varying from ¥;in. to lin. in thickness, a range suffi- 

ciently extensive for boiler work generally. 

I put it forth merely as a simple illustration of the use 
of the graphical method for exhibiting the proportions of 
common elements in mechanical design. I am led to believe 
that considerable advan would be derived if this 
method were more extensively used to exhibit results which 
are now expressed in a tabulated or symbolic form. Results 
e - a diagram are (I think it will be allowed) 
more inviting to the eye, more impressive on the memory, 
and more generally comprehensive than when expressed 
otherwise. 
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lap, diameter of rivet, diameter 
ched plates, unrimered), length 
of rivet, and thickness of head are those recommended by 
the best authorities—from amongst which I am mainly in- 


rtions of 


The pro eo. 
ity of hole (for 


and coni 


debted to Wilson’s excellent little work on Steam Boilers. 
However, should the proportions not agree with any par- 
ticular practice, they can easily be made to conform with it 
without altering the  _— ohn of the di . 
With the help of the example shown, I take it that the 
i is self-explanatory. I may say, however, that 
A Band D E are “ base lines”’ at right angles, and inter- 
secting at C. All above D E relate to single-rivetted, and 
below it to double-rivetted joints. The perpendicular dis- 
tance between the line of rivets in double-rivetting is 
termed the “‘ perpendicular pitch.’’ Asa further example, 
let the proportions of a double-rivetted joint for 1 in. 
late be required—then C B = the lap ; C G = the pitch ; 
t D=total length of rivet ; C E=the pean ee ; 
C L=diameter of rivet; and so on for the minor dimen- 
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HOUSE’S STEAM AND WATER VALVE. 











































WE illustrate, above, a neat form of valve which is 
being manufactured in all sizes by Messrs. H. House 
and Co., of Ludgate-hill, London. From the engraving 
it will be seen that the spindle moved by a hand- 
wheel is formed at its lower end with a bevelled pinion. 
This gears on each side into the teeth formed around 
the backs of two castings, which are free to revolve on 
the pins projecting from the bearing through which 
the lower part of the spindle below the pinion passes. 
The castings are retained in their place by nuts on the 
screwed ends of the pins. Around the periphery of the 
castings teeth are formed, as shown, gearing into the 
rack in the side of the valve case, and the back of 
the valve itself is provided with a screwed projection 
that fits into the screwed socket of the casting. The 
shape of the valve however prevents it from turning. 
By revolving the spindle the pinion upon it turns the 
two sockets, the teeth around which, gearing into the 
racks, cause the whole of the mechanism to travel 
upwards, and opens the valve. The turning of the 
sockets, moreover, draws the valves slightly back from 
their seats, and so releases them from contact. In closing 
the valve the action is of course reversed, and the 
valve is brought in close contact with the seat coinci- 
dently with its arrival at the end of its travel. 








THE PROPER CIRCULATION IN BOILERS. 
To THE EpITOR oF ENGINEERING. 
Srr,—Being abroad when my usual numbers of ENaI- 
NEERING reached me for May and June, I have been un- 
able to write sooner on a subject of such importance as 





sions. — the diameter of rivet d—the lap for single- 
rivetting = 3 d; for double-rivetting — 5 d; perpendicular 
itch =2 d; thickness of rivet-head=§d. The ratio | 

SET the least and greatest diameter of rivet-hole is as | 
1: 1.15. | 

Further explanation seems unnecessary. 

I might suggest that a more rigid and durable form of 
the diagram could e on a piece of sheet brass or 
hard wood, and that one of these might be kept as a 
standard. 

I am, Sir, yours truly, 
Grores CAWLEY. 
Imperial College of Engineering, Tokio, Japan, 
July 11, 1877. 
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Docx at Port ADELAIDE.—A company has been formed 
for the construction of a dock at Port Adelaide, South Aus- 
tralia. The new dock is intended to have a frontage of 
2000 ft. and a depth of water of 20 ft. ; it will afford ac- 
commodation for vessels of the largest size visiting Port 
Adelaide. It is proposed to erect capacious sheds on 
the wharf and hydraulic cranes for discharging cargo. 





Tue American Iron Trapz.—At the commencement 
of July, 1877, the United States had 87 charcoal furnaces, 
87 ant ite furnaces, and 85 bituminous or coke furnaces 
in blast. The weekly productive capacity of the charcoal 
furnaces was 7730 tons; of the anthracite furnaces, 17,442 
tons ; and of the coke furnaces, 20,660 tons. The weekly 
productive capacity of the furnaces out of blast at the same 
July was 63.467, tons. Wy number of —— in blast 

1, was considerably larger than the corresponding 
number in blast April 1. 








the D em! circulation of boilers that has evidently been 
studied with deep thought by both Mr. Rowan and Mr. 
Watt; but by summing up the opinion of both these 
gentlemen, as shown in their letters, there appears to be 
only a distinction without a difference between them on the 
subject. Yet I think they deserve well of their country for 
ventilating a subject of such vital importance as saving fuel 
and increasing power at a less expense by showing up—so 
ably—the defects of boilers as at present are so generally 
constructed. 

The proper circulation in boilers is the only radical cure 
for ae a defect that sea-going engineers are much 
more troubled with than is generally known to the public 
and steamship owners, and any one that can improve an 
make a good steam boiler of quick generative power and 
an auti-primer would confer a great boon on steamship 
owners, as the only present known cure is over-crowding 
the ship with boiler power and an immense steam space. 

I to enclose you a pamphlet in which you will see 
that I have been working in the same direction as the above- 
mentioned gentlemen, as my experience, over a lo: 
period of years, has shown me that ina welb-censhpestel 
quick and effective steam generator, an easy exit must 
be made for the steam to rise to the surface immediately it 
is generated, for if it has to force its way from the side of 
the plates next the furnace, the plates are apt to get red 
hot and cause the bulging so often seen in furnace sides. 
In the same manner, with water-tube boilers, when 
the tubes cross the furnaces in an horizontal or slightly 
inclined direction, the steam generated has to travel the 
whole length of the tube before it has an exit upwards, and 
this has a great liability with forced, and sometimes with 
ordinary , to overheat the bottom of the tube, as the 
steam is unable to get away as quickly as it is generated, 














































and so causes small globules of water filled steam to get 
between the plate aa the water, and then causes destruc- 
= and bursting of tubes at a very small pressure to what 
they are su to carry. 

I stan hs guuneatel in water tubes, and so arranged 
that they have an easy exit to the surface, it may then be 
checked a little in its outward flow, so as to impermeate 
through the whole body of the surface water, und thus rise 
gently into the steam space ; this will then be a real proper 
Saaiine boiler, and this effected will prevent all priming. 

The above has been very clearly proved by two of the 
boilers made as described in the pamphlet and fitted on 
board the s.s. Tara, belonging to Messrs. Shaw-Finlay- 
son, of 32, Strand, Calcutta, and Mark-lane, London. 
This steamer is running on the River Hooghly, Calcutta, 
about the muddiest river in the world. The said boilers had 
been working some time, and were filled with this muddy 
water, and when on the trial trip, in the presence of the 

atentee, the boilers were forced, badly fired, and worse 
‘ed by natives, not the slightest priming occurred, this with 
such water could only have produced by proper 


circulation. a 
The enclosed pamphlet will easily explain how this has 
been effected, and r think realises what both Mr. Rowan 


and Mr. Watt require in a proper circulating boiler. 
Tan, Sir, 
A Sma-GoiIne ENGINEER AND AN OLD SUBSCRIBER. 
September 4, 1877. 

[The boiler described in the pamphlet enclosed by our 
correspondent is one patented by a Mr. Cooper. It is of 
the vertical type, with curved tubes springing from the 
sides of the firebox, and led up to the crown, the tubes 
being fitted with deflectors at their upper ends as in the 
Davey-Paxman boiler. The peculiarities of the Cooper 
boiler appear to consist in points of detail.—Ep. E.] 








TuE On10.—The construction of a dyke at White’s Ripple 
—the most important work which the United States Go- 
vernment has yet undertaken—as s the improvement 
of the Ohio — is rapidly app completion. The 
dyke is said to have peste We changed the character of one 
of the worst places on the Upper Ohio, and to such a de 
that thejcoa Ishippers of the Pittsburgh district declare that, 
even in its unfinished state, the dyke has already saved as 
much coal from wreckage as would be represented by the 
total cost of the work. e dyke extends from the foot of 
Neville Island for a distance of nearly 2000 ft. to a point 


d|about opposite Osborn station on the Pittsburgh, Fort 


Wayne, and Chicago Railroad. Heavy oak timbers, 10 in. by 
12in., solidly spiked together, form the face wall of the 
dyke. Some 12ft. from this, on the side opposite the 
channel, a similar wall is built up of pine timber, the two 
being, of course, parallel to each other, and connected 
with heavy crossties, dovetailed, so as to form a com lete 
wall. Huge iron spikes 40 in. long were driven down three 
of the beams, and the whole crib was filled in with furnace 
slag, which will defy the disintegrating influences of 
water, air, and frost. There is, in addition, a third line of 
log wall (poplar), lower than the others which are left, 
above low water, to hold a rip-rap of sandstones, inten ded 
to prevent the underwashing of the dyke from the dead 
water side, by the occasional overflow of floods. When 
completed, as above described, the dyke will give a straight 
uniform channel about 800 ft. in width, thus confining the 
water which is now spread over perhaps 2000 ft. in a cross 
section, whieh is expected to give a considerable increase 
of depth for navigation purposes even at the most unfavour- 





able season of the year, 
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ON THE EFFECT OF PUNCHING ON IRON TaBLE A.—Tests of Malleable Iron Plate. 
AND STEEL PLATES.* 
By Mr. A. C. Krrx, Associate, I.N.A. Breadth in |Thickness in| Diameter | Hole, how | Diameter of | Diame Breaking Stress Ratio of Breaking 
From the extensive use of rivetting as a means of joining | ‘Inches. Inches. (mene of | made. Punch. Bolster. in Tons per Strain to Mean 
together plates of both iron and steel, it seemed to me that — Square - |Strength of Plates. 
the Steg Gola, though be hs a — | ra - 
means exhaust the subject, are wor cing before the . P 4 
meeting. These experiments were made by me for Messrs. peo - bend F ae von ii ate 18.58 1:1 
John Elder and Co., and had their origin in that firm 5.260 1.160 1180 | . & 13 15.27 1: .82 
having to construct boilers for two Channel steamers in 5.240 1.170 1.220 * ” 29, 15.95 1: 85 
which in order to save weight the shells were made of steel. 5.260 1.160 1.220 ” ” 13 16.81 1: .90 
For several reasons it was decided to make them in the .7 , . ” » ” 17.02 1: .92 
usual = os oS Prog ra ee if 
necessary for bending an ing the holes out fair before TaBLzE B.—Tests of 8 
rivetting; but the diversity of opinion as to the effect of : om 
i s so great that i i 
aaron Ben ° For instance, Sr. Gostsone’s oxp Sede | Breadth Thickness in} Diameter = how | Diameter of | Diameter of | Breaking Stress | Ratio of Breaking 
in vol. xxx. of the Transactions of the Civil Engincers, in Inches. | Inches. (ow) of made. an Bolster. in Tons per Strain to Mean 
page 265, showed that in a case of a variety of irons, the ole. | Square Inch. | Strength of Plate. 
wry ow) = es same whale: holes — ee ae of . . 
first and cleaned out by a drill, or simply punched. On . in. in. | 
the other hand, the Board of Trade in their instructions A} 3.990 0.740 1 | Drilled oe ar 10} 27.11 1 
to surveyors increase the factor of safety or thickness of B| 3.990 0.740 1 ” ove me 27.10 " 
plates forming the cylindrical shell of a boiler by 5 per cent. Cc 3.990 0.750 1.020 | Punched land | 14 andi 17.96 1: .66 
if the holes are punched instead of drilled. Unfortunately, D} 3.990 0.750 1.020 ” ot ve 18.18 1: .67 
as we do not know on what this opinion is based, whether E|* 3.990 0.740 1.050 ” Sand ij 1ys and $3 23.21 | 1: .85 
on experiments or not, or if on experiments, what the F; 3.990 0.750 1.050 ” one ove 20.40 1:.75 
a4 of 2 was, — o. — pow — weight to| | we 
attach to it. e necessity of drilling has been even more ail ra oe eae We Re eg age 
insisted on when steel is used, this metal having been held Tanue C.—Tests of Steel Plate. 
by many to be unfitted for punching. On the other hand, | | 
Mr. J. J. Smith, in vol. xlii. of the Transactions of the | : Breaking | 
Civil Engineers, page 76, says, ‘‘ Experiments have de- Breadth | Thick- a Stress in | 
monstrated that the zone of metal injured by punching | in ness in | pon an) Hole, how made. | Tons per clea 
steel having a tensile strength of not more than 32 tons, is | Inches. | Inches. | : HL " | Square | 
not more than 3%, in. in breadth, and that if the fish-plate ‘peers | Inch. 
holes (he is speaking of steel rails) are first made with a small | ——; —- 
punch and then enlarged by drilling to the required size, | | 
the steel is not more injured thanif the hole had beendrilled | A | 4.000 | 0.65 ws 28.62 
—. The yap in the steel a _ + awe. B 3.99 | 0.660 reek Pinsia 28.06 
and its strength is under 32 tons, have the holes punched. | | anc and 
The object of the following experiments was, if possible, to Cc | 8.760 | 0.660 | 9875 { drilled } | 29.68 
reconcile the diversity of opinion and trace to what causes | D | 3.760 | 0.660 | .9375 - 28.48 Section of plate to rivet 1: 1.745. 
it might be due. The pieces for testing, whether rivetted | E 3.60 | 0.660 | .9875 * | 28.48 Rivets slig! tly in excess of plate. 
together or simply perforated, were in all cases perforated | F 3.61 0.650 | .9375 9 28.78“ | Plate broke Sake 9 first rivet ho!- 
— ae vary 4 of — as they —— be in —_- - | bs 
afterwards cut by a slotting machine into strips with the 
holes in the centre of each piece, or in some cases through Table D contains a set of experiments on steel plate _TasuE E.—Test of Part of same Steel Plate Annnealed 
the centre of two contiguous holes. In those intended to | iin. thick and perforated by }in. holes, made in Messrs. in Dry Lime after being Prepared for Testing. 
represent a specimen of boiler rivetting, the holes were | Elder’s testing machine. Table E contains a similar set 
made in the plate at the pitch intended plus the breadth of | made on portions of the same plate as that from which the 8 j 
fo} 
3 3; | 4 
Description of FA Z as 8a 
Tes . . 
ription of Test. F i 3a e He 
3 GI d ge | ae 
a | & =| 22 | 
= a a” | 
in, 
1,51 | .275 | .415 | 12.2 | 29.3 # 
161 | .275 | 415 | 122 | 29.3 2 
Punched and drilled ...| 1.52 | .27 Al 12.55} 30.6 vr 
Punched and drilled .. | 1.54 | .27 415 | 12.15/ 29.2 vs 
Drilled ac -| 1.51 | .28 422 | 12.0 | 24.4 ea 
Drilled _... eos ee} L561 | .28 422 | 1205) 28.5 is 
Punched and drilled at 
fFeachside .,. _...| 1.51 | .275 | 415 | 128 | 296] ¥, 
Punched and drilled at 
eachside ... «| 1.51 | .275 | 415 | 12.15] 292 | 4% 
Drilled at each side 15 27 405 | 12.0 | 29.6 ae 
Drilled at each side 1.615} .27 | 408 | 12.0 | 29.4 ve 


























the parting tool, so that the test piece should represent a 
rivet pitch. The larger experiments in Tables A, B, and 
C were made by the Testing Company here, and the smaller 
in the following Tables were made by a machine in Messrs. 
Elder’s works. In both, the strain is measured by ‘a steel 
ard. The tests in Table A were made on specimens cut 
lengthways out of a piece of ordinary iron plate, and show 
clearly that the clearance of the punch in the bolster affects 
the strength of the punched plate. There is little doubt 
but that had a 1} bolster been tried the original strength 
of the plate would have been very nearly maintained. Mr. 
Cochrane probably used a wide bolster, and this, combined 
with the fact that the holes he punched were punched 
in bar iron, may account for the results oS got. 
en a comparatively narrow bar is punched, much of the 
compression of the metal round the hole is relieved by the 
metal bulging and stretching so that the bar becomes in- 
creased in breadth at the hole and slightly elongated. 

In Table B are given a similar set of e iments on 
steel plates, and in these the ‘beneficial effect of using 
a —- clearance in the bolster is well marked. 

Table C contains experiments on actual rivetted joints, 
substantially the same as those adopted for the boilers 
above referred to. In the boilers, for convenience, instead 
of using larger rivets in thetwo middle rows, the number 
of rivets is increased and the pitch diminished, so that the 
Same section of rivet is got as in the specimens tested. 
shane leces were all heated to a low sak Taek and the 

oles cleaned out by a drill before rivetting. The result is 
that the full strength of the plate is maintained. It will 
be seen afterwards that much of this was due to the plate 
having been heated after punching. 

A and B, two samples taken to ascertain strength of 
plates. C, D, E, and F, these consisted of two pieces 
by deal ee evr igo a ie were punched, = 
, eated, as wo one prepara‘ , 
ing the shell plates of a boiler. er 
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specimens in Table D were cut. A comparison of these 
shows that where the diameter of the hole is as mach as 
three times the thickness of the plate, the plate may be 
































punched with impunity, and that annealing produces little 
or no benefit. 
TaBLE D.—Tests of Steel Plate as received from Maker. 
e |g. 
a 
| § a8 14. 
Description of Test. 4 @ ~ j ee 33 
aE AEE 
z a/ 8/88 
a < a~ 12 =) 
in 
1.51 27 407 | 12.1 | 29.7 
1.49 .27 | 403 | 12.0 | 29.77 { 
Punched ... .| 1.525] .28 | 427 | 126 | 295) 3 
Punched «.. *.. | 1.67 | 28 | 489 | 126 | 28.7 | 
Punched and drilled ...| 1.45 27 | .891 | 11,05) 28.2 se 
Punched and drilled ...| 146 27 | 894 | 10.90] 27.6 Ye 
Drilled, ooo ee} 1.5 -27 | 405 | 12.0 | 29.6 vr 
Drilled... coe ww | 1.47 .27 | .897 | 11.7 | 29.4 Ys 
Punched ateachside .,,| 1.515) .28 | .424 | 12.05) 284) «& 
Panched ateach side ...| 1.445} .28 | .404 | 12,0 | 29.7 a 
Punched and drilled at 
each side ooo ee} 1.445] .28 | 407 | 12,0 | 28.4 a 
Punched and drilled at 
each side poe eos} 1,485) 28 | .415 | 12.75} 30.7 % 
The above specimens were cut lengthways from the plate. 
On comparing the experiments in Table E with the experi- 


ments in Table F, in which the diameter of the hole is 2.4 


times fey ee of the plate, it a that = 
pune! is reduced in strength per cent. 
Seapapel with that of a similar piece subsequently heated. 
Unfortunately the pieces of steel were in thi 





case excep- 
tionally hard. 























The above specimens were cut lengthways from the plate, 
TaBLe F.—Tests of Steel Plates. 











iT TTA 
3| 8 Paes: 

a Description of Test, re. g 8 
$5 4 = S J Ba i 
a Ci 

3} po i Z| & fs ie Le 
AH With |Punched at each side} 1,185 |.426 |.508 |18,2| 36.18] 
BH! ,, “i 1.2 |.425|.51 |17.4| 84.11] ¥, 
ot 1.2 |.425|'51 |16:2| 31.76 * 
aes ne 1.2 |,.425|.51 |15.2| 29.8 





























unched were heated and 


vie. 1, 2, 3, 4, 5 and 6 show the fracture of the specimens 
in Table B. The effect of the punch is clearly shown in 
the fracture by a pes highly crystalline on each side of 
the hole. In D, which was punched by the large punch, this 
is e, and the strength of the — is correspond- 
ingly low. In F, where the cry ard on each side 
of the hole is much smaller, the strength is higher, and in 
E, where the crystalline can ‘cely be , the 
strength is higher still. The crystalline fracture round the 
hole is due to the ing pressure exerted by the piece 

ched out as it tends to spread out in diameter under 
he i of the punch. Under this strain the 
metal is compressed for a certain distance round the hole 


and thus weakened. As the in punching is pro- 
bably as the circumference of the holexthickness, and 
this pressure—area of rd we is — & measure of 
the amount of bulging of ‘ao punched ont, itis pro- 
bable that the strength of punched plate will be as 


—__2s 
diameter of hole 
strength and a low compressive strength will suffer more 
than one in which these conditions ure reversed. The 


; and a material with a high tensile 
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effect of compression was strikingly shown in some of the 
experiments, where the ends by which the specimens were 
held in the testing machine were of the form and dimen- 
sions shown in Fig. 7. All of these split witha crystalline 
fracture at A B, though the section there was slightly in 
excoss of thatat CD. The pin was a little less in dia- 
meter than the hole, and the upsetting of the plate at B was 
distinctly visible, while the e splintered off the steel for 
about 1} in. in front of the hole, as shown by the dotted 
lines. e may infer from this that it is necessary to be 
careful that the compressive strain on the inside of rivet 
holes are not too great. Unfortunately I cannot assign a 
maximum limit for this ; but in some earlier experiments 
on steel lap joints, with three rows of rivets, in which the 
rivets were sheared, distinct evidence was visible that the 
insides of the holes were slightly upset. This partly de- 
terred me from attempting to get the large shearing area 
of rivet required, by putting the rivets in double shear, 
and caused me also to prefer four rows of smaller rivets to 
three rows of larger. The lap joint also racks and leaks 
some time before it gives way, sufficient often to give 
some warning. In conclusion I would remark that experi- 
ments on punching are of little value unless the conditions 
under which the punching is done are known; that it is 
essential to use a bolster as wide as possible, and to heat 
the plates to a red heat after punching, if of steel (and also 
of iron, though the neglect of it in this case is not so 
serious), in order that the strength of the punched plate 
be equal to that of a drilled one, if the holes are less in 
diameter than three times the thickness of the rlate. 








WAVE MOTION. 
On the Rate of Progression of Groups of Waves and the 
Rate at which Energy is Transmitted by Waves.* 
By Proressor OsBorNE ReYNOLps, F.R.S. 

WHEN several waves forming a discontinuous group 
travel over the surface of deep water, the rate of progres- 
sion of the group is always much less than the rate at 
which the individual waves which compose the group are 
propagated. As the waves approach the front of the 
group they gradually dwindle down and die out, while 
fresh waves are continually arising in the rear of the 
others. This, which is a well-known phenomenon, pre- 
sents itself to our notice in various ways. 

When a stone is thrown on to the surface of a pond, the 
series of rings which it causes gradually expands so as 
finally to embrace the entire surface of the water; but if 
careful notice be taken it is seen that the waves travel out- 
wards at a considerably greater rate than that at which 
the disturbance spreads. 

Or, when viewing a rough sea, if we endeavour to follow 
with the eye any wave which is larger than its neighbours, 
we find, after following it in its course for a short distance, 
that it bas lost its extra size, while on looking back we see 
that this has been acquired by the succeeding wave. 

But perhaps the most striking manifestation of the phe- 
nomenon is in the waves which spring from the bows of a 
rapid boat, and attend it on its course. A wave from 
either bow extends backwards in a slanting direction for 
some distance and then disappears, see Fig. 1, bat im- 





mediately behind it has come into existence another wave 
parallel to the first, beyond whieh it extends for some dis- 
tance when it also dies out, but not before it is followed by 
a third which extends still further, and so on, each wave 
overlapping the others rather more than its predecessor. 
Although not obvious, very little consideration serves to 
show that the stepped form of these columns of waves is a 
result of the continual dying out of the waves in front of 
the group, and the formation of fresh waves behind. For 
as each wave cuts slantwise through the column formed by 
the gronp, one end is on the advancing side or front of the 
group, and this is continually dying while the other is in 
the rear and is always growing. 
So far as [am aware, no general explanation of these 
henomena has as yet been given. It has been shown, and 
believe first by fessor Stokes, that if two series of 
parallel waves of equal magnitude, but differing slightly in 
length, move simultaneously in the same direction over the 
same water so as to form a series of groups of waves sepa- 
rated by bands of interference, that these groups will ad- 
vance with half the velocity of the individual waves. This 
is doubtless an example of the same phenomenon, and shows 
that the theory of wave motion is capable of explaining the 
phenomena; but it appears to leave something to be de- 
sired—for instance, why should the bands of interference 
only progress with half the velocity of propagation in a 
deep sea, whereas in sound the corresponding bands of in- 
terference which constitute the beats move at the same 
velocity as the waves? 
My object in this paper is to point out a fact in con- 
nexion with wave transmission which appears to have 
hitherto passed unnoticed, at all events in connexion with 
the phenomena described above, of which it affords a clear 
and complete explanation. One of the several functions 





performed by waves progressing through a medium is the 
transmission of energy. Thus the energy which we receive 
from the sun is brought to us in the waves of light and 
heat ; so in the case of sound the work done by the arm of 
the drummer is transmitted to our ears by the waves of 
sound. It is possible, however, to have waves which travel 
through a medium without conveying energy ; such are the 
waves caused by the wind on a field of corn. This kind of 
wave may be well understood by suspending a series of 
small balls by threads, see Fig. 2, so that the balls all hang 
in a row, and the threads are all of the same length. If 
we then run the finger along, so as to set the balls oscillat- 
ing in succession, the motion will be such as to give the 
idea of a series of waves propagated from one end to the 
other ; but in reality there is no propagation, each pen- 
dulum swings independently of its neighbours, there is no 
communication of energy, the waves being merely the re- 
sult of the general arrangement of the motion. 

FIG.3. 
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In this case there is no communication of energy, neither 
is there any propagation of disturbance. Any one ball 
may be set swinging without in the least disturbing the 
others: and what is indicated here is a general law that 
wherever a disturbance is transmitted through a medium 
by waves there must always be communication of energy. 
The rate at which energy is transmitted in different media, 
or by different systems of waves, is very different. This 
may be illustrated at once by experiment. If the balls just 
described are all connected by an elastic thread, then they 
can no longer swing independently. If one be set in motion, 
then, by virtue of the connecting thread, it will commu- 
nicate its motion to its neighbours until they swing with it, 
so that now waves would be propagated through the balls. 
The rate at which a ball would impart its motion, i.e. its 
energy, to its neighbours would clearly depend on the 
tension of the connecting thread. If this was very slight 
compared with the weight of the balls it would stretch, and 
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its neighbours in fall motion, so that of the initial energy 
of disturbance a very small portion is communicated at 
each swing. But if the tension of the thread be great com- 
pared with the weight of the balls, one ball cannot be 
disturbed without causing a similar disturbance in its 
neighbours, and then the whole energy will be communi- 
cated. This is simply illustrated by laying a rope or chain 
on the ground, and fastening down one end; if then the 
loose end be shaken up and down the wriggle caused will 
travel to the other end, leaving the rope perfectly straight 
and quiet on the ground behind it, so that in this case it 
is at once seen that the wave carries forward with it the 
whole energy of disturbance. This was shown by experi- 
ment. 
The straight cord and the pendulous balls represent 
media in which the waves are at the opposite limits—in one 
case none of the energy of disturbance is transmitted, and 
in the other case the whole is transmitted. Between these 
two limits we may have waves of infinite variety, in which 
any degree of energy from all to nothing is transmitted. 
Now the-waves of sound belong to the class of the cord in 
which all the energy is transmitted; but what I want 
particularly to make clear is that the waves on water are 
between the limits, they are analogous to the waves in the 
balls suspended when connected by an elastic string. And 
I have so to show that according to the accepted theory of 
wave motion the waves on deep water only carry forward 
half the energy of disturbance. 
In regular trochoidal waves the particles move in vertical 
circles with a constant velocity and are always subject to 
the same pressure. Of the energy of disturbance half goes 
to give motion to the particles and half to raise them from 
their initial position to the mean height which they occupy 
during the passage of the wave. 
Now the mean horizontal positions of the particles remain 
unaltered by the waves, hence, since their velocities are 
constant, none of their energy of motion is transmitted ; 
nor since the pressure on each particle is constant can any 
energy be transmitted by pressure. he only energy, 
therefore, which remains to be transmitted is the energy 
due to elevation, and that this is transmitted is obvious 
since the particles are moving forward when above their 
mean position, and backward when below it. This energy 
constitutes half the energy of disturbance, and this is 
therefore the amount transmitted. 
For a definite mathematical proof that— 
In waves on deep water the rate at which the energy is 
corried forward is half the energy of disturbance per unit 
of length multiplied by the rate of propagation. 
Let ho be the initial height occupied by a particle sup- 
posed to be of unit weight, h, the height of the centre of 
the circle in which it move as the wave passes, r the radius 
of the orbit, and @ the angle the radius vector makes with 
the horizontal diameter, then the height of the particle 
above its initial position is hi — ko +r sin @, adding to this 
the height due to its velocity we have the whole energy of 


disturbance— 
=2 (hi—h,)+r sin. @. 
The velocity of the particle is, 
=v 29 (hho), 
and the horizontal component of this is, 
= V7 2o(hj—ho). sin. 8. 
Therefore the rate at which energy is being transmitted 
by the particle 
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ucie, 
={2(h,—ho)+r sin 9} VF g(h,— ha). Bim. O 


disturbance.—Q. 


of waves whic 
disturbance from P, to 
moving. Let E be the energy of disturbance between Pi 
and P. 
E+2a between P, and P,, and so on. 


So that after the waves 
lengths bg distribution of the energy will have advanced 
the ball might accomplish several swings before it had set 0. &. D DapOEE S the Guang © Rae tae nee 


on the suspended balls, when connected 
string, as to water, and in this case the conclusions may be 
verified, for, as on water, the groups of waves travel at a 
slower rate than the waves. 
throw light on the manner in which the result is brought 
about. When a ball is disturbed, see Fig. 3, the disturbance 
is partly communicated to the adjacent ball by the connect- 
ing string, and part retained in the form of pendulous 
oscillation ; that part which is propagated forward is con- 
stantly reduced in imparting oscillations to the successive 
balls and soon dies out, while the motion retained by the 
swinging pendulum constantly gives rise to succeedin 

waves until it is all absorbed. 
be adjusted to the length of the suspending threads, waves 
may be made to travel along in a manner closely re- 
sembling the way in which they travel on water, the speed 
of the group being half the speed of the individual waves. 


and the mean of this, 


7 
=f {2 (hy—he) +r sin. 6} / 3p (hi Ie) sin. 98 
° a 
=hr /2 9 (h,—hy), 


and if ) be the length of the wave and n Q the rate of pro- 
pagation : 


h,—he= 2 and 29_4 mr, 
*. the mean rate at which energy is transmitted by this 


wR A (hi —he), 
r the rate of peegageticn multiplied by half the energy of 


particle 


Al 


It now remains to come back to the speed of the groups 


of waves and to show that if the rate at which energy is 


ransmitted is equal to the rate of propagation multiplied 


by half the energy of disturbance, then the velocity of a 
group of waves will be half that of the individual waves. 


Let Pi, P,, P;, P, be points similarly situated in a series 


h gradually diminish in size and energy of 
1, in which direction they are 
at time t¢, E+uthe energy between P, and P,, 


Then at the time ¢+n after the wave has moved through 


one wave-length it follows that the energy between P: and 
P, will 


_E+E+a 
= 2 -————4 


a 
*@’ 


and between P, and P, will 


--E+a+E+2a_ 


and again after another interval, n, the energies between 
P, and P,, P, and P; will be respectively— 


E+S +E+58 
ae ————--—- 5 +@, 





9 
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E+ e +E ane 
=E+2 a. 
have advanced through two wave 


€ 


‘Of course this reasoning applies equally to the waves 
by an elastic 


This experiment tends to 


If the tightness of the cor 


Although the progression of a group has hitherto been 
spoken of as if the form of the group was unaltered, this 
is by no means the case as arule. 

In the mathematical investigation it was assumed that 
the motion of the particles is circular; this, however, 
cannot be the case when the succeeding waves differ in size 
by a sensible quantity, and hence in this case the form of 
the group cannot be permanent. And it may be further 
shown that as a small group proceeds, the number of waves 
which compose it will continually increase, until the grada- 
tion becomes indefinitely small ; and this is exactly what is 
observed, whether on water or on the strings. 

So far as we have considered deep water, when the water 
is shallow compared with the length of the waves, the 
results are modified, but in this case the results as observed 
are strictly in accordance with the theory. 

According to this, as waves enter shallow water the 
motion of the particles becomes elliptical, the eccentricity 
depending on the shallowness of the water ; and it may 
shown that under these circumstances the rate at which 
energy is transmitted is increased, until when the elliptic 
paths approach to straight lines the whole energy is trans- 
mitted, and consequently follows that the rates of the speed 
of the groups tothe speed of the waves will increase as the 
water becomes shallower, until they are sensibly the same. 
In which case only the groups of waves are permanent, and 
Mr. Scott Russell’s solitary wave is possible. Besides the 
explanation thus given of these various phenomena, it 
appears that we have here a means of making some important 
verifications of the assumptions on which the wave theory 
is based; for the relative speed of the groups and the 
waves which compose them affords a criterion as to whether 
or not the particles move in circles. 








Lares Leatuer Brtts.—Mr. W. J. Edwards, of 
Manchester, has, we are informed, just received orders for 
belting on Sampson and Co.’s patent plan, which it 1s be- 
lieved will be the largest hitherto made. Amongst these 
are belts 63 in. wide, double, by 207 ft. long; 62 in. wide, 
double, by 159 ft. long ; and 53 in. wide, double, by 181 ft. 
long. These belts are for the important cotton spinning 
and weaving establishment of Messrs. Parmentier, Van 
H rden and Co., and the flax spinning mills of the 
Société la Liéve, of Ghent, Belgium, for each of which 
firms the well-known Corliss engine builder, P. Van Den 
Kerchove, of the same town, is at present engines 
of 1000 indicated horse power 
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LOCOMOTIVE FIREBOXES. 
(Continued from page 137.) 

Stay-Bolts.—We find that, with three or four exceptions; 
all who have reported to us prefer a good quality of iron 
for stay-bolts. Steel has been used in a few cases. Mr. 
Charles R. Peddle, of the Vandalia line, says: ‘‘I have 
tried stay-bolts of Otis steel in two fireboxes. It worked 
well: requires more hammering to form a head than iron. 
I cannot endorse it without a more extended trial.’’ 

Mr. Jacob Johann, of the Toledo, Wabash, and Western 
Railway, has used a soft steel for stay-bolts and gives it a 

reference over iron. Charles Graham, of the Delaware, 

kawanna, and Western Railway, says that he uses iron 

for stay-bolts, but prefers a soft quality of steel; but 
gives your committee no reasons for such preference. 

The difficulty in the case of stay-bolts does not arise ordi- 
narily from tensile strain brought upon the bolt by the 
steam pressure, but from relative changes in the position 
of the two sheets through which the bolt passes, caused by 
a difference in the temperature of the two sheets, and the 
consequent difference in expansion. 

For instance, if the side sheet of a firebox expands ina 
vertical direction of } in. more than the outside sheet, then 
all bolts in the top row will have their inner ends forced 
upward from their original position to that extent, and 
the bolts must spring or bend accordingly. 

And when both sheets again become of the same tem- 
perature the ends of the bolts are drawn back to their 
original position. 

Figs. 13 and 14 will serve to illustrate this; Fig. 13 re- 
presenting a section of the water-space and sheets, and Fig. 
14 an elevation of the side sheet; A, B, and C three stay- 
bolts in the top row, B being in the centre of the length of 
the firebox, and A and C at the corners. The two sheets 
being rivetted to the mud ring at M, a difference in tempe- 
rature between the outer and inner sheets above that point 
would not change the relative position there, but the 
change would be from that point upward in proportion to 
distance and difference in the temperature of the two 
sheets. Now if that difference is such that the inner sheet, 
Fig. 13, will in the direction of the height expand say } in. 
more than the outer sheet, then the inner end of the 
bolts will be carried upward out of their proper relative 
— towards D, to that extent, and conform to the 

otted line at that point, causing the bolt to spring or bend, 
or cause the outer sheet to spring outward at E, and in- 
ward at F, and the inner sheet to spring towards G, below 
the bolt, and towards H, above it, or all combined ; each 
conforming to the forces applied to each of its parts. If the 
sheet is very heavy, orthe bolt proportionally too small in 
diameter, all the spring or bend will occur in the bolt, and 
if the required spring is beyond the elasticity of the metal, 
it will be permanently bent upward towards D, and per- 
manently bent back again to nearly its original position 
when both sheets become of the same temperature. From 
the nature of the case the greatest strain brought upon the 
bolt by these forces will be at the surface of the sheets in 
the water-space. That at the surface of the thickest sheet 
will be the greatest, for the reason that that sheet will 
spring least, consequently the bolt must spring proportion- 
ally more, or bend ; hence we find that in case of breakage 
it ordinarily occurs at the surface of the thicker sheet of 
the two. Now in the case of a stay-bolt situated say half 
way down in the firebox at I, Fig. 13, the requisite spring 
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of the bolt in the direction of D would only be one-half of 
that required of the bolts at the top, A, B, C, and not of 
itself sufficient to produce injury. 

If the water-space is large, in other words, if the bolts 
are long between the sheets, the requisite spring of the 
bolts to conform to the requirement of the sheets will be 
obtained without injurious lateral strain. For instance, if 
the bolts A, B, C were 5in. long between the sheets, Fig. 
13, their angular position with reference to the sheets 
would only be one-half that which would occur if the bolts 
were but half that length, the upward movement of the 
top of the inner sheet being the same in both cases, and 
the liability of the shorter bolts to break over that of the 
longer, would be in proportion. 

e have considered the influences tending to injure the 
stay-bolts by difference of expansion inthe two sheets in 
but one direction. Those influences operate also in the 
other, or horizontal direction. If the inside sheet of a fire- 
box expands vertically more than the outside sheet b 
reason of its being hotter, it also expands more in a hori- 
zontal direct'on. This being the case, the bolts situated 
along the vertical centre line, as B in Fig. 14, would not be 
effected by expansion in a horizontal ion, as would 
those at A and U. In the case of B, expansion would carry 
it in the direction of J only, while if we assume that the 
expansion of the inner sheet in a horizontal direction is } in. 
more than that of the outer, then the inner end of the 
bolt C will be carried yin. in the direction of P, and 
that of A the same distance in the direction of O ; while at 
the same time, as previously explained, they would be 
carried upward } in. toward K L. These combined move- 





ments would result in a diagonal displacement of the inner 
ends of these two bolts in the direction of R and S respec- 
tively, and if the displacement of B was jin. toward J, 
then of A and C, diagonally toward R and 8, would be 
nearly } greater, and the hability of upper corner stay- 
bolts to finally break off is proportionally greater than 
those situated at other points, length of the bolts being 
the same in each case. We find that the upper corner stay- 
bolts in fireboxes break much more frequently than those 
situated lower down and those nearer the vertical centre of 
the sheets, and we also find in numberless cases, particu- 
larly in the upper rows, that upon close inspection bolts 
apparently sound show small cracks at the bottom of a 
thread close to the sheet part or all the way round, which 
in the course of time would go through the bolt. We find 
also that where a stay-bolt passes through a double thick- 
ness of sheet, such as aseam, if any considerable distance 
above the grates, it almost invariably breaks off in a com- 
paratively short time, and that poe be always occurs at 
the face of the inside of the seam. 

We believe the causes stated are those that operate in 
breaking stay-bolts, and the metal best calculated to stand 
these lateral strains referred to without injury is the best. 
Whether it be iron or steel, your committee are not yet 
prepared to decide. Toughness and elasticity are both re- 
quisite. To avoid breakage, it is important that stay-bolts 
be of reasonable length, particularly those in the upper part 
of the box, and that the diameter be proportionate to the 
thickness of the thickest of the two sheets so that the bolt 
may have sufficient stiffness to cause the sheet to spring 
slightly in conformity to the lateral strains on it. Other- 
wise the spring or bend will occur entirely in the bolt, and 
in course of time end in breakage. 

Owing to the expense of drilling, the plan of having 
small holes through the stay-bolts in parts where they are 
liable to break has not been generally adopted. The ob- 
jection seems solely to the cost. We recommend the use 
of hollow stay-bolts at such points where they are liable to 
break as a precautionary measure, that breakage may beat 
once manifest by the leakage from the hollow at the ends, 
notwithstanding their increased cost. 

Form of the Shell of the Boiler.—To the question as to 
the best form for the shell of the boiler for the ordinary 
eight-wheeled American style of locomotive, we find that a 
large majority prefer the ‘‘ wagon-top’’ pattern with one 
dome only. 

The reasons are given that with this form more of the 
weight of the boiler is carried on the driving wheels and 
less on the truck than in the case of'a straight boiler. 
More steam room over the firebox near where most of it is 
generated, and a better opportunity for cleaning the 
crown sheet of scale, and in case of bad water, or when 
muddy water is used in the boiler, it maintains its proper 
level better than in the straight form of boilers. These 
are some of the most important advantages claimed for the 
‘*wagon-top”’ form. The fact that this form’of boiler has 
been so largely used, and is at present in use in fully as 
large a proportion of this style of locomotives as ever before, 
in preference to the mere simple form of ‘‘ straight boiler,’’ 
would seem to be conclusive that, on the whole, it possesses 
some advantages not found in the other. 

On this subject we find some who differ in opinion from 
the large majority. Mr. Howard Fry, of the Philadelphia 
and Erie Railroad, says: ‘‘ I consider all unnecessary dis- 
tortions in a boiler bad. I have found straight-top boilers 
to steam as freely as wagon-tops, and to carry as dry 
steam. I therefore consider wagon-tops and domes unne- 
cessary distortions.” 

Mr. Jacob Johann, of the Toledo, Wabash, and Western 
Railway, states that he prefers straight boilers for all 
classes ofengines. Mr. Peddle, of the Vandalia line, says : 
‘*T prefer the straight boiler principally on account of its 
superior shape for strength, as I consider the flattened 
sides of the taper connexion of wagon-topped boilers a 
source of weakness. I prefer a dome on the barrel of the 
boiler to take steam from, and a dome over firebox to give 
steam room as well as to furnish access to the interior of 
the boiler over the firebox for inspection of and cleaning 
crown sheet and bars.” The above are some of the 
reasons given why the straight-top boiler is preferable to the 
wagon-top. Your committee, at least a part of it, will not 
undertake to reconcile the views of Mr. Howard Fry and 
Mr. Peddle, quoted above, on the subject of domes on 
straight-top boilers, compared with one having none at all. 
It would seem that the objection to the wagon-top on ac- 
count of the taper connexion, as referred to by Mr. Peddle, 
ought not to be insurmountable or even serious. If the 
flat sides of the firebox and the back end of the boiler can 
be securely stayed, it is not probable there would be much 
trou le in staying the connexion referred to, if builders give 
the matter proper attention. 

A majority of those expressing an opinion favour the 
straight-top boiler for the Mo pattern of locomotives, 
and for the four and six-wheeled switching engines ; with 
the boiler made proportionally large in diameter to give 
ample steam room, with one dome; for the reason that 
this class of locomotives carry all, or nearly all, of the 
weight of the boiler on the driving wheels, regardless of 
form, and the straight boiler being the most simple, and, 
if of proper diameter, will afford all the steam room re- 
quired. 

(To be continued.) 





FOREIGN AND COLONIAL NOTES. 

Canadian Pacific Railway.—About 350 men are now 
employed in the construction of the Pembina branch of 
the Canadian Pacific Railway between Selkirk and St. 
Boniface, Manitoba. 

American Rails.—The demand for steel rails is light in 
Pennsylvania, and prices are rather drooping. Sellers are 
not disposed to make concessions for forward contracts. 
The condition of the trade is one of anxiety and uncer- 








tainty, and prices have almost fallen to the bare cost of 
production. There is little demand for iron rails in Penn- 
sylvania, and the condition of the trade presents no im- 
provement. 


American Mechanical Industry.—Messrs. Jones and 
Sons, of West Troy, have just shipped ten horse cars to 
Bombay. Messrs. Gilbert, Bush, and Co., of Troy, have 
nearly completed a refrigerator car ; its first trip will be 
to Red River, Arkansas, with a load of nitro-glycerine. 


New Zealand Coal.—A seam of coal which promises to 
be very valuable, has been discovered on the property of 
Messrs. J. M. Jones and A. Proctor, of Waimate. The 
discovery was made half way between Oamaru and Timaru. 


American Mountain Locomotives. —A steam 
locomotive with a pioneer car, having a capacity for 
36 passengers, on the Mount Washington Railway, 
the ascent in an hour and a half, while the descent occupi 
an hour and a quarter. The distance is three miles. ‘ 
summit of the mountain is 6285 ft. above the level of the 
sea, and 4000 ft. from the base of the mountain itself. 


Australian Telegraphy.—No definite step has yet been 
taken with regard to the duplication of cable communica- 
tion with Europe. Independent action on the part of 
Queensland is now talked of. Mr. W. J. Cracknell, 
superintendent of telegraphs in that colony, has submitted 
to the Queensland Government a recommendation that 
Queensland should assume the whole responsibility of 
laying a cable from her northern coast vid Macassar and 
Singapore to Bankok in Siam, so as to complete a second 
and independent line to Europe. 


Defences of New South Wales.—Sir W. Jervois has re- 
ported on the measures which it may be advisable to take’ 
for the defence of Port Jackson. The substance of the 
recommendations made by Sir William is that the. present 
batteries should be strengthened and improved, and that 
six lines of torpedoes should be laid between Obelisk 
Point on the one side and the point between Camp Cone 
and Lady Bay on the other, forming a re-entering angle at 
the Sow and Pigs shoal. Sir William Jervois does not re- 
commend any batteries for the defence of Broken Bay. 
For the defence of Botany Bay, Sir William recomm 
asmall work with well-protected guns to command the 
entrance to the harbour and the whole anchorage ; and for 
Newcastle he advises the construction of a fort on Signal 
Hill for three 9-in. and four 80-pounder M.L.R. guns, the 
latter to be placed in casemates cut out of the hill; Sir 
William further suggests the placing of electro-contact 


torpedoes at the entrance to the harbour and under the fire 
of the guns. For the of resisting. any possible 


urpose 
attack on py, ined by shells which might be thrown from 
outside the harbour, Sir William Jervois advises that the 
colony should acquire a 2500-ton ironclad vessel, protected 
by armour 10 in. thick and two 18-ton guns—the vessel to 
be constructed as a ram, and along with her battery and 
ramming power to be fitted for propelling the Whitehead 
torpedo. Sir William Jervois estimates that the first cost 
of such a vessel would be about 150,000/., and that her 
annual expense in time of peace would be about 10,0001. 


German Fortresses.—Great efforts are being made to 
complete as rapidly as possible the works of the second as 
well as of the first line of German fortresses. The new forts 
on the left bank of the Rhine at Cologne which, as origi- 
nally intended, were not to be completed before the close of 
next year, are already approaching completion, and will 
shortly be ready to be occupied by their garrisons. When 
completed, Cologne will be one of the strongest of the 
German fortresses. 


Victorian Railways.—The Victorian Government has 
decided against the purchase of the Melbourne and Hobson’s 
Bay Railway, and has adopted a direct route to Oakleigh, 
the line to cross the Yarra from Spencer-street at a high 
level. ‘The revenue of the Victorian Government railways 
for the year ending June 30, 1877, was 1,078,082/. 


Railways in New South Wales.—Tenders are about to 
be invited by the New South Welsh Government for the 
execution of the western extension from Orange towards 
Wellington and Dubbo; and the necessary sanction of 
Parliament will be obtained without delay for the works in 
the north-west towards Gunnedah and the Namoi district. 
The southern extension from Wagga Wagga to Albury 
—s sanctioned by the New South Welsh Parlia- 
ment. 








Tue Native Guano Company.—The general meeting 
of this company was held last Friday at the Cannon-street 
Hotel, Mr. W. Crookes, F.R.S., taking the chair. Ac- 
cording to the report of the directors the process of treat- 
ing sewage by the ABC process has been in continuous 
action at Aylesbury since May, 1875. A good effluent has 
been produced, and no complaints have been made by the 
local authorities as to any defects on the part of the com- 
pany incarrying out the process. It also appears from 
the report that the local authorities of Isleworth, Heston, 
and Hounslow have passed a resolution in favour of adopt- 
ing the A BC process, but certain difficulties have prevented 
any final arrangement between them and the Native Guano 
Company. In his opening speech Mr. Crookes stated that 
an important step had been taken in prosnaing the sul- 
phate of alumina used in the process at a much lower rate 
than had hitherto been paid for that material. The 
manure produced at Aylesbury had been sold at 3/. 10s. 

er ton, but, owing chiefly to defective machinery, no profit 

ad been made. It was intended to keep on the works for 
the purpose of illustrating the working of the process. A 
special meeting followed to authorise the issue of new 
1 ny We propose shortly calling further attention to 
the position of this and other companies ———— pre- 
cipitation, but especially in connexion with the Rivers 
Pollution Prevention Act, which came into operation in 
August last. 
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Ditto Drak weseesecseceeeee © $ ®© og 
Oak timber, tzic 
(string measure) ...... © 2 0 © 2 
Pit props per lineal yard o © 34 © o 
DEALS, &c.— 
(Per Petersburg standard) 
Redwood, Archangel, and 
Omega, I8t  ....cc0000000 17 09 8 19 0 
Ditto, ditto, 2nd aw..0.004%. 14 0 0 15 0 
Redwood, Petersburg 1s1 10 10 © 17 10 
” ” 2nd 13 10 © 14 § 
© ) > a 12 0 © 13 0 
” Uleaborg Ir 0 © 12 0 
ee Gothenburg .. ww» 12 10 © 14 10 
me Gefle and Stock- 
°o 60 
« © 10 
*” ° gto 
Ditto white... 7 © © 7 15 
Manoganr, &c. (per foot 1 in.) 
Clty St Domingo concn © OY O 8 
CUDA ccccrccccccsesceese oo 0} Oo 
SADICU secrccccee cecsersserersees © © § OC O 
Cedar, Havana, &. w...... 0 © 44 0 0 
Sleepers, Hackmatack, each 
— 036 04 
» Pine © 30 © 3 
pas Hemlock ; e e233 0 3 
e TIE ccccccccccccsccsse © § O OC § 
HULL, 
(Per load). 
Memel crown firtimber ... 4 7 6 410 
” ” gud 310 0 315 
Riga and Dantzic ist ...... 4 2 6 4 § 
” BN nneee 9 2 O 3:10 
Swedish . wae e 2 © 
vy. BIMALL sevecccevrenree 2 7 6 2:10 
HUME cevseccrersseseee 2 0 0 8 O 
(Per cubic foot). 
Qu i yen °25 02 
on birch .. © 110 032 
asd ..... 02320 0 32 
St. John’s birch ...... o1r 8 © 3 
Pitch pine, hewn . @2:g @8 
cocscecccses @ 8 § O SE 
(Per aduhumns standard), 
Best Arch, and Onegared... 19 10 © 30 © 
” Pet. red 3x11 &3x9 19 § © 1910 
- white .. 11 2 6 123 10 
Wyburg red..... 
Quebec Ist pin 
» 2nd 
»  &rd 
». SB « aunnce § 
Gefle and Soderham mixed 16 10 © 17 © 
Baltic Ist red flooring bds. 14 © o 15 © 
DittO WHILE ...ccorescocrreeseece IL 10 O 12 0 


Charge for labour 2s. per standard for deals, 
and Is. 6d. per load for timber. 


WEST HARTLEPOOL. 

(Per cubic foot ) 
Dantzic good middling fir... 
Ditto common middling fir o o 11 © 1 
Sundowall OF .........000040. © 1 0 © 




















(Per Petersburg standard.) 
Riga crown white deals...... 10 0 © © 0 
Getle Ist red deals ............ 16 10 © 17 § 
o wae « os «1310 0 0 © 
» O68 « eo ww 1200 0 08 
» «th sssseseseeee 9 10 0 8 O 

e unsorted white deals 
QC. ...ccerceccorssevesecesesseces 10 8 O@ OC O 
Tunadal Ist red deals eo 16 § 
e battens......... e°°o°0 
a 3rd red deals eo °o 8 
o battens ...........10 § 0 © 0 
Gottenburg 3rd red b 10 0 © 0 
Petersburg Ist red a 17 0 © 18 § 

Quebec Ist pine 3in. x 7in 
and upwards... 2210 0 08 © 
Ditto, ditto, 2nc 1§10 0 © O 
Ditto, ditto, 3rd eco 1010 © © 0 
Charge for labour 2s. per standard for deals, 

and Is. 6d. per load for timber. 
WISBEACH. 

(Per Petersburg standard.) 
Gefle Ist red deals ......., 17 19 © © © 
” co} sce 
o oe 
Petersburg Ist red battens 16 $° 0 © 
Christiana white battens... 9 10 © © 0 
Tunadal 2nd red , «11 1f @ 0 0 
- 3rd ,, » ow 010 0 © O 
ard deals ... 12 2 6 0 © 
Wyburg 1st red deals ...... +14 $ °° 1415 
e battens ...12 © © 13 § 

pas 2nd red deals and 
b m7 6 © © 
eoe 


Wyburg 2nd red boards ... um 6§ 
Free on railway 
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COMPOUND BLOWING ENGINE AT THE BETHLEHEM IRON WORKS, PENNSYLVANIA, U.S.A. 


(For Description, see Page 199.) 
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AMERICAN IRON AND STEEL WORKS.* 
By A. L. Hotter and Lenox Smrru. 
No. [X.—Tue Works or THe BeTHLenem [Rox 
Company—(continued). 
Tue hydraulic stock hoist is fully illustrated by 
Figs. 10 and 11. A simple cylinder and rack, acting 
by means of a wire rope, drum, and sheave, is about 
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* In the course of this series of articles, ent re- 
ference will necésearily be made to the exhibits of various 
steel manufacturers in the United States, at the late 
Centennial Exhibition, some of which exhibits were not 
noticed in the i i 


oti » brief review of American Iron and Steel Ex- 
— at Philadelphia which has already appeared in our 
umns. 


as simple and durable an arrangement as could well 
be devised. A high speed of cage is, of course, 
obtained with a low s of piston and rack. 

The compound blowing engine is so fullyillustrated 
by our two-page engraving this week that a long 
verbal description is unnecessary. Threenew blowing 
engines were built for the No. 5 and No. 6 furnaces ; 
two of them are precisely like the one shown in the 
engravings, except that each has a single steam 
cylinder instead of the compound arrangement. 
The compound engine has a 30 in. high-pressure 
cylinder (boiler pressure 50 Ib.), and a 54 in. low- 

ressure cylinder by 80 in. stroke. The air cylinder 
is 80 in. in diameter. The three pistons are attached 
to the same crosshead. The plunger air pumps 
are 20 in. in diameter by 36} in. stroke. The cut- 
off isso arranged that the steam expands four times, 
The intermediate receiver has the capacity of the 
high-pressure cylinder. The engine usually makes 20 
revolutions per minute, but has run at 24, and may 
with safety run much faster. ‘The usual blast 

ressure for anthracite coal in these large furnaces 
is ten pounds per square inch. 

This engine, which has been designed by Mr. John 
Fritz, after a very long practice with both vertical 
and horizontal engines, embraces some novelties of 
arrangement which the results fully justify. The 
horizontal engine is cheaper and more convenient to 
attend and to repair,. than the vertical engine, and 
horizontal pistons with large bearing surfaces do 
not wear the bottoms of cylinders to any harmful 
extent in many years; probably when any serious 
trouble arises from this cause, the type of engine 
will be antiquated. Mr, Fritz has SS means 
of holding the piston centrally in the cylinder, by 


unusually large ; those of the high-pressure cylinder 
are 10 in. in diameter, and those of the low-pres- 
sure cylinder 16 in. The economy of compound 
engines has often been impai by making the 
low-pressure valves too s ; the only objection 
to large valves seems to be the large waste spaces 
around them. 

Two forms of air-pump are shown in Fig. 19. 
The plunger pump is esd, and it is stated to bea 
great improvement over the bucket pump. It can 
always be kept tight, because the packing is in sight 
and can be tes 

The proportions of the engine, like those of Mr. 
Fritz’s machinery generally,.are heavy, but not 
clumsy ; the bearing surfaces are all unusually large, 
and the workmanship is the best that first-class 
tools and supervision can make it. Is is therefore 
not surprising that the engine works at high speed 
and under high pressure, with a degree of smooth. 
ness and noiselessness which are rarely observed in 
a blowing engine house. Indicator cards from these 
eaanens will be published at a later date. Our next 
and concluding article on the Bethlehem Works 
will treat of the Bessemer and rolling mill practice. 





FIXING BOILER TUBES. 

ConsIDERING the extent to which tubular boilers 
are now employed and the enormous number of 
cases in which boiler tubes are relied upon to act 
as stays between the flat surfaces they connect, it 
is somewhat singular that so few experiments have 
been made to determine the holding power of such 
tubes or the effect of different modes of fixing them 
in the tube plates. So far as we are aware this 
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Fia. 3. 


the direct pressure of steam introduced through the 
piston rod, but the apparatus does not as yet seem 


necessary. 

It will be observed that the blowing cylinder is 
placed at the flywheel end—a reversal of the usual 
arrangement, This is done for the purpose of plac- 
ing the steam cylinders and their valves, which 
most need attention, where they can be most con- 
veniently. got at. The blowing cylinder, which 
requires least attention, occupies a less free 
between the shaft, crosshead, and flywheels ; it is, 
however, sufficiently accessible. 

The veers meena sapenpere extremely simple 
and ; the cam offers every facility for regula- 
ting the rate and degree of opening ; and the Cornish 
puppet-valve, although not cheap nor least wasteful 
of steam in clearance spaces, has been so propor- 
tioned after long practice at these works, that it 
keeps pretty tight, and gives, on the whole, very 





satisfactory results, The valves of this engine are 
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matter has never been systematically investigated 
in this country, and we believe, therefore, that our 
readers will regard with much interest the results 
of some experiments on this subject carried out in 
Jan last at the Washington Navy Yard, the 
parti 8 of which we now propose to lay before 
them, The experiments in question were conducted 
by Chief Engineer W. H. Shock, U.S.N., to whom 
we are indebted for the results, and they embraced 
trials of the fixing of both brass and iron tubes, there 
being forty-eight tests of the former and eighteen of 
the latter. In the present article we propose to 
deal with the results obtained with brass tubes only, 
leaving the experiments with iron tubes to be dealt 
with on a future occasion, As will be seen here- 
or Me brass ee were in Gheon aig b 
the Dudgeon roller expander (shown. by . 
annexed, and too well known in this coun 
to require description), and in others by Prosser's 
expander, shown by Fig. 2 on the present page, 
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this expander consisting of a taper mandrel which 
is driven in so as to force outwards a number of 
segments which expand the tube into the form in- 
dicated 


Each tube subjected to trial had its ends fixed 
into square pieces of plate representing portions of 
the tube-plates as shown in Figs. 3 and 4 on the pre- 
ceding page, these figures also showing the manner 
in which the strain was applied, As will be seen, a 
sort of crosshead was placed on the tube inside 
each tube-plate, these crossheads being each in two 
pieces held together by the concave washers placed 
under the nuts of the stirrups through which the 
pull was exerted. This mode of connecting the two 
parts of each crosshead is very neat and simple. 

The brass tubes experimented upon were of two 
external diameters, namely 2.5 in. and 2.6 in., the 
larger tubes being thicker than the others, and 
having an area in cross section of 1.33 square inches, 
while the sectional area of the 2.5 in, tubes was 
0.9 square inch. The tube-plates into which the 
tubes were fixed varied in thickness from }# in. to 
in, Aswe have already said, 48 experiments were 
made with these brass tubes, and the results are 
shown by the Table annexed, and by the diagrams 
Nos, 1 to 48 on page 202, these diagrams showing 
the modes of fixing the various tubes, and the ap- 
pearance of the latter after they had given way under 
strain. 


Results of Experiments on Brass Tubes conducted at the 
Washington Navy Yard, by Chief Engineer W. H. 
Snook, U.S.N. 
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The results here recorded are of great interest. 
As will be seen from the diagrams, tubes 1 and 2, 
which were of the light section, were ferruled, and 
fixed by the Prosser expander, and they failed by 
drawing out of the tube-plate after opposing a mean 
resistance of 29,125 lb. Tubes 3 and 4 were also 
ferruled, but fixed by the Dudgeon expander and 
beaded over, and in this case the mean resistance 
was $4,375 lb., the tubes on drawing out of the 
tube plate cracking somewhat at the point where 
the eras | had been formed, as shown by the 

i . In the case of the four tubes so far 
mentioned the tube-plates were } in. thick. Tubes 
5 and 6 on the other hand were fixed in } in. tube- 

lates and without ferrules, the former being fixed 

y the Dudgeon expander and beaded over, and 
the latter by the Prosser expander. In these cases 


the resistances fell to 21,150 Ib. and 12,000 lb. 
respectively, thus showing that the absence of a 
ferrule greatly diminishes the holding power. A 


comparison of the results obtained with tubes 5 and 
6 also shows that the partial beading over or bell- 
mouthing of the ends of the tube effected by the 
Prosser expander does not give such a firm hold of 
the tube-plate as the ordinary beading over in con- 
nexion with the action of the roller expander. In 
tube No. 5, it will be noticed that the beading was 
broken off by the drawing of the tube from the 
tube-plate. 

Tube No. 7 was fixed in the same manner as tubes 
1 and 2, and tube 8 in the same manner as tubes 3 
and 4, except that }in. tube-plates were employed 
instead of #in. as in the first four experiments. 
This reduction in the thickness of the tube-plate 
appears in the case of the tube fixed by the Prosser 
expander, to have given rise to a slight decrease in 
the holding power, while in the case of the tube 
fixed by the Dudgeon expander and beaded over 
the holding resistance obtained is materially higher 
than with the thicker tube-plate. The resistance 
obtained with tube 8 is, however, so exceptionally 
high that it is perhaps ny safe to accept it as 
a result to be depended upon, but judging from the 
resistances obtained with tubes 9 and 10 which 
were similarly fixed, but in tube-plates $in. thick, 
we may safely conclude that the holding power ob- 
tained by this mode of fixing is not reduced by any 
reduction in the thickness of the tube-plates which 
is likely to be made in practice. Onthe other hand 
tubes 11 and 12, ferruled and fixed by the Prosser 
expander in a # in. tube-plate, show a decreased 
power of resistance as compared with tubes 1, 2, 
and 7 similarly fixed in thicker tube-plates. 

The next experiments of the series, Nos. 13 to 
20 inclusive, were made with tubes secured by nuts 
2 in. thick screwed on outside the tube-plates, the 
tubes used in experiments 13 to 16 being of the 
lighter and those used in experiments 17 to 20 of 
the heavier section. These experiments confirm 
views we have long held, and show that the value 
of nuts placed on brass stay tubes is generally much 
overrated. ‘Thus in the case of experiments 13 and 
14 with the lighter tubes and without ferrules it will 
be seen from the Table that the resistances obtained 
were on the average not higher than those given in 
experiments 1 to 4, where the tubes were simply ex- 

anded and ferruled. The insertion of iron ferrules as 
in experiments 15 and 16 materially increased the re- 
sistance of tubes secured by nuts, and, as shown by 
the diagrams on page 202, the ferrules prevented 
the tubes from drawing from the nuts until they 
had torn across through the threads. Even with 
the ferrules inserted, however, the tubes with nuts 
did not give so high a resistance as was obtained in 
experiment 8. A somewhat curious result is shown 
by experiments 17 and 18, the thicker tubes used in 
these experiments affording, when unferruled, less 
resistance than the lighter tubes used in experiments 
13 and 14. As the failure took place by the draw- 
ing of tubes out of the nuts, the fact of no greater 
holding power ee than with the Jighter 
tubes might be readily explicable, but it is difficult 
to understand why the resistances should be less, 
supposing the nuts to be equally well fitted in both 
cases. hen ferruled as in experiments 1$ and 20 
the thicker tubes stood on the average a somewhat 
higher strain than the light ones, but the increase 
of holding power was very small, the tubes drawing 
from the nuts instead of tearing through the threads 
as in experiments 15 and 16. 

Experiments 2] and 22 were made with tubes 
simply fixed by the Dudgeon expander and not 
beaded over, and the resistances obtained in these 
cases were naturally much lower than before, the 
holding power in experiment No. 22 being 5850 lb. 
only. Even in this extremely unfavourable case, 
however, it will be seen that the holding power of 
the tube was vastly in excess of any strain occa- 
sioned by the pressure of the steam upon its section 
of the tube-plate. For instance, supposing the 
tubes to be placed ] in. apart or 34 in. centres, each 
tube would have to act as a stay to an area of 34 x 34 
=12.25 square inches less the area due to its own 
external diameter, this area being 4.91 square inches. 
Each will thus have to withstand the steam pressure 
on 12.25—4.91=7.34 square inches, and a pres- 


sure of 5850 _ 797 lb. per square inch would thus 


7.34 
be required to draw it out of the tube-plate sup- 
posing its resistance to be only that obtained in ex- 
periment No, 22. 
Experiments 23 and 24 show that even if the 
tube is not beaded over, the resistance is more than 
doubled by the insertion of a ferrule. These ex- 





periments may also be compared with Nos. 3 and 4, 








in which the conditions were the same, except that 
in addition to being ferruled, tubes 3 and 4 were 
beaded over, this beading having a most important 
effect in increasing the holding power. In fact a com. 
parison of the experiments 3, 4, 21, 22, 23, and 24 
tends to show that the three modes of fixing therein 
tested, namely (1) tubes expanded, ferruled, and 
beaded over, (2) expanded and ferruled but not 
beaded, and (3) expanded only, have resisting powers 
expressed approximately by the figures 5, 2, and ] 
respectively. 

xperiments 25 to 28 inclusive were made on tubes 
expanded by Dudgeon’s expander into slightly 
tapered holes in the tube-plates. These experi- 
ments may be well compared with the four which 
preceded them, the comparison showing that in the 
case of the unferruled tubes Nos. 25 and 26, the 
tapering of the holes in the tube-plates afforded a 
decided increase in holding power, while in the case 
of the ferruled tubes, Nos. 27 and 28, the increase 
of resistance, although it undoubtedly existed, was 
not material. In all the experiments, 2] to 28 in. 
clusive, it will be seen from the diagrams that the 
tubes drew out of the tube-plates without tearing. 

Experiments Nos. 29 and 30 were made with tubes 
fixed by Prosser’s expander, and without ferrules, 
the conditions being in fact the same as in experi- 
ment 6, except that the tube-plates were thicker, 
namely, jin. As will be seen, the increase in the 
thickness of the tube-plates appears in this case to 
have increased the holding power of the tubes, and 
some subsequent experiments appear to confirm this 
view. On the other hand, in experiments Nos, 31 
and 32, in which the tubes were fixed by Dudgeon’s 
expander and beaded over, the employment of thick 
tube-plates appears to have had no beneficial in- 
fluence, the mean results obtained being in fact 
somewhat lower than that obtained in experiment 6, 
where the conditions were similar, except that the 
tube-plates were 4 in. thick. As will be seen from 
the diagrams, the beaded-over portion of the tubes 
was torn off in the experiments 31 and 32 when tubes 
were drawn from the tube-plates. 

Experiments 33 to 40 inclusive were made with 
tubes fitted with brass ferrules, the tube-plates in 
the case of experiments 33 to 36 being ?in., while in 
experiments 37 to 40 they were } in. thick, In ex- 
ee 33 and 34 the tubes were fixed by 

udgeon’s expander and beaded over, the conditions 
being in fact the same as in experiments 3 and 4, 
except that the ferrules were of brass instead of 
iron, As will be seen from the Table and the dia- 
grams, the mean resistance obtained was somewhat 
lower with brass than with iron ferrules, and both 
ferrules and tubes were torn at the beading over 
when drawn out of the tube-plate. Experiments 35 
and 36, where the tubes were fixed by the Prosser 
expander and brass ferrules, are comparable with ex- 
periments 1 and 2, where iron ferrules were used, the 
conditions being otherwise similar. In this case 
we also find that the brass ferrules gave a somewhat 
less resistance than those of iron. 

From experiments 37 and 38, when the conditions 
were the same as in experiments 35 and 36, except 
that the tube-plates were but 4 in. thick, we find 
that this decrease in thickness in the tube-plates 
decidedly diminished the holding power, and a 
similar result is shown by a comparison of the 
results of experiments 39 and 40 with those of ex- 
periments 33 and 34, in all of which the Dudgeon 
expander was used, 

urther evidence as to the effect of reducing the 
thickness of the tube-plates is afforded by experi- 
ments 41 to 48. In experiments 41 and 42 the 
tubes were fixed by the Prosser expander and 
without ferrules, and the results are hence com- 
parable with those of experiments 6, 29, and 30, 
the comparison showing a decided increase of hold- 
ing power with the increase in the thickness of the 
tube-plates. In the same way experiments Nos. 43 
and 44, in which the tubes were fixed by the 
Dudgeon expander and beaded over, but not ferruled, 
may be compared with the results of experiments 
5, 31, and 32, the comparison in this case showing 
that the reduction in thickness of the tube-plates 
instead of being prejudicial was slightly the reverse. 

Experiments 45 to 48, in which the tubes were 
fitted with brass ferrules, the tube-plates being 
j in. thick, show that when the Dudgeon expander 
was used the resistances obtained were somewhat 
higher than when the tube-plates were A in. thick 
(see experiments 39 and 40), and but little inferior 
to those obtained with } in. tube-plates, as in ex- 
periments 33 and 34. a 47 and 48, 
on the other hand, where the Prosser expander was 
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used, the resistances were on the average nearly the 
same as those obtained with } in. tube-plates (see ex- 
periments 37 and 38), but decidedly lower than 
those obtained in experiments 35 and 36, when the 
tube-plates were } in. thick. 

As far as the tubes fixed with the Prosser ex- 
ander are concerned the results obtained with brass 
errules thus corroborate those obtained with iron 
ferrules, and tend to show that a reduction in the 
thickness of the tube-plates diminishes the holding 
power. In the case of tubes fixed by the Dudgeon 
expander, on the other hand, the two sets of experi- 
ments are contradictory, those with iron ferrules 
showing a somewhat increased, and those with brass 
ferrules a somewhat decreased holding power with 
the thinner tube-plates. 

The general conclusions which may, it appears to 
us, be drawn from the interesting experiments we 
have described are: (1) That tubes fixed by the 
Dudgeon expander and beaded over have a consider- 
ably stronger hold of the tube-plates than those 
fixed by the Prosser expander, particularly with thin 
tube-plates ; (2) that if the tubes are not beaded 
over the hold afforded by the Dudgeon is less than 
that afforded by the Prosser system of fixing; (3) 
that with both expanders the introduction of 
ferrules adds very materially to the holding power 
of the tubes; (4) that on the whole the effect of 
ferrules is with the Dudgeon expander proportion- 
ately greater in thick than in thin tube-plates, while 
in the case of the Prosser expander the proportionate 
increase of resistance afforded by the introduction 
of ferrules is not materially affected by the thickness 
of the tube-plates ; (5) that iron ferrules are more 
efficient than those of brass; and (6) that the em- 
ployment of nuts screwed on the tubes outside the 
tube-plates is not of any service in increasing the 
holding power unless the tubes are ferruled. 

Of the results obtained with iron tubes, and the 
deductions to be made from them, we shall speak in 
a future article; and in the mean time we may 
state, in conclusion, that in the case of the brass 
tubes, those tested in experiments 6, 13, 14, 29, 30, 
41, and 42 were fixed in accordance with the practice 
followed in the United States Navy. 


LITERATURE. 


The History, Products, and Processes of the Alkali Trade, 
including the most recent Improvements. By CHARLES 
Tuomas KinazertT. With 23 Illustrations. London: 
Longmans, Green, and Co. 

Tue trade with which the author deals in the volume 
before us is one of which comparatively little is 
known outside the circle of those engaged init, yet it 
is well entitled to take rank amongst our principal 
national industries, and it is one the importance of 
which is yearly increasing. Under these circum- 
stances Mr. Kingzett’s book has a special interest. 
Commencing with some introductory remarks on 
the general position of chemical science in_ its rela- 
tion to manufactures, our author proceeds in his 
second and third chapters to treat on the manufac- 
ture of sulphuric acid, first dealing with.the raw 
materials pyrites, sulphur, and nitre, and then 
tracing the development of the manufacture up to 
the present time. Chapter IV. takes up another 
branch of the subject, namely, the treatment of the 
burnt pyrites derived from the first stage of the 
sulphuric acid manufacture, and here we find the 
extraction of copper, silver, and gold, and the ma- 
nufacture of sulphate of copper dealt with, while 
in Chapter V. our author gives a brief history of 
the development of the alkali manufacture. 

The manufacture of salt, sulphate of sodium, and 
hydrochloric acid is dealt with in the sixth chapter, 
and that of carbonate and bicarbonate of sodium 
in Chapter VII., both these chapters containing 
notes on the older as well as the more modern pro- 
cesses. In a similar way the next chapter treats of 
the manufacture of caustic soda. The treatment of 
alkali waste, the regeneration of the sulphur, and 
the manufacture of hyposulphate of sodium, form 
the subjects of Chapter ix, while in that following 
various soda processes, including the ‘‘ ammonia 
process,” are dealt with. 

Next our author gives a brief chapter on the ma- 
nufacture of soap, succeeded by an equally brief 
one on the history of the bleaching Pan tee dy this 
serving as an introduction to the next four chapters, 
which all deal with chlorine processes, Mr. Walter 
Weldon’s and Mr. Deacon’s processes being dealt 
with at some length, while -the manufacture of 
bleaching powder and liquor, as well as of chlorate 











of potassium and Epsom salts, is dealt with in 
Chapter XVI. Finally, two brief chapters, treat- 
ing respectively of general considerations regarding 
the alkali trade, and statistics of that trade, bring 
the volume to a conclusion. 

We have in the present notice done little more 
than give a summary of the contents of Mr. King- 
zett’s book, and we have taken this course because 
the volume is one of a class which must either be 
treated in that way, or dealt with in greater detail 
than our space will allow us to indulge in. The 
work has evidently been prepared with care, and it 
forms a very useful handbook to the industry of 
which it treats, containing as it does.facts which, 
so far as we are aware, are not to be found collated 
elsewhere. We may add that the volume is illus- 
trated by a number of engravings of plant’ em- 

loyed in the alkali manufacture, and it is got up 
in a style which is very creditable to its publishers. 





A Treatise on Statics, containing some of the Funda- 
mental Propositions in Electrostatics. By Gora: M. 
at London: Longmans, Green, and Qo. [Price 

Ss. . 
The treatise before us may be considered as occupy- 
ing an intermediate position between elemen 
works on the subject and the profound investigations 
of Thomson and Tait. It deals, of course, with 
elementary principles, but takes a more extended 
range than elementary text-books generally, and it 
is especially distinguished by the thoroughness with 
which its author has executed his task. Professor 

Minchin states in his preface that he has assumed 

that he is ‘‘ addressing beginners who work without 

“ much extraneous assistance,” and to such students 

the book will undoubtedly be of much value. The 

author we are glad to see attaches much importance 
to worked-out examples, and there can be no doubt 
that such examples form a most important aid to 
those who are working without the aid of a master. 

In the volume under notice such examples abound, 

and they are moreover well chosen to afford a clear 

conception of the physical features of the problems 
they illustrate, Altogether the treatise is one we 
can decidedly recommend, 


A Manual of Inorganic Chemistry. Vol. IT. The Metals. 
By T. E. THorpz, Ph. D., F.R.S. New Edition with 
copious Index and Examination Questions and Exercises. 
London and Glasgow: William Collins, Sons, and Co. 
[Price 2s. ot} ; 

This manual forms one of Messrs. Collins’ excel- 

lent ‘‘ Advanced Science Series,” and is a well got 

up little volume of over 400 pages, whose author is 
to be congratulated in the manner in which he has 
performed his work. Avoiding the fault of being too 
elementary on the one hand, or going too much 
into detail on the other, Dr. Thorpe has contrived 
within the space at his disposal to convey a great 
deal of sound and well arranged information. Dr. 

Thorpe’s style is in fact admirably clear and terse, 

and his manual will prove a very useful addition to 

the series to which it belongs. 
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AvusTRALIAN Derzences.—Sir Wm. Jervois and Colonel 
Scratchley, the commissioners appointed to report upon the 
best means of defendi ‘7 Victoria, have arrived overland 
in that colony from Sydney. Point Nepean, Point Henry, 
Corio Bay, Western Port Bay, Williamstown, and other 
localities were visited by the commissioners, who are 
about to report upon the defences of Queensland. The 
inepocting officers will also visit New Zealand in the course 
of 1878. 





VicToRIAN Rartways.—The report of the Victorian 
Railway Department for 1876 has just been issued. It 
appears from the report that at the date of its issue there 
were 702 miles of line in operation in Victoria, while 259 
miles more were in progress. The profit realised for the 
period under review was at the rate of 436 per cent. per 
annum on the gross capital, and 4.66 per cent. per annum 
on the capital remuneratively employed. The report points 
out. the absolute necessity of increasing the supply of 
rolling stock on the lines, and observes that as in 1878 
there will be a mile of railway to 894 inhabitants in 
Victoria, it must be apparent that the limit of railway ex- 
tension must soon be reached in the colony. 





———— 
THE PENNSYLVANIA RAILROAD. 
No. XXXVII.—Locomorives—(continued). 
GumvE Bars, 

THE guide bars of Class ‘“‘ C” engine are shown in. 
the two-page engraving of our issue of July 27. 
They are of steel, rectan in section, 2 in. by 
| in, and 48 in. long. ey are arranged in grou 
of four to each crosshead, and are placed 4§ 
apart horizontally, and 1} in. vertically. They are 
secured to the cylinder cover at one end as shown in 
Fig. 124 of our two-page engraving of last week, and 
at the other to the transverse frame. The distance - 
blocks are 3 in. long, and are forged with 1} in. 
screwed stud ends, which pass through holes in the 
cylinder cover and frame respectively, being held in 

by nuts as shown. Vertical bolts with round 
countersunk heads, and passing through the blocks, 
hold each pair of guide together. 

The guide bars of the ‘‘ J” engine class are different 
and are shown in Figs. 144 and 145. They are also of 
steel, 54 in. long, 4} in. wide, 3 in. deep in the middle, 
and 23 in. near the ends, still further reduced at the 
points of attachment, asshown. There are only two 
of these bars to each cylinder, and the back ends 
are turned,over so as to form a sole-plate 5 in. deep, 
1} in. thick, and the full width of the bar. Through 
this passes the 1} in. bolt securing the bar to the 
frame. The other end is made flat, and is fastened 
to the bracket screwed to the cylinder cover by a 
lin. countersunk headed bolt. Thé form of the 
bracket is shown in Fig. 144. It is 4 in. long, 2 in, 
thick, and the same width as the bar, with a screwed 
stud 1?in. in diameter forged on it for fastening it 
to the cylinder. 


CONNECTING AND CoupLina Rops, 

The connecting and coupling rods of Class ‘‘ C” 
engine are shown in Figs. 146 to 154. They are all of 
steel and of the sections shown. The former is 
2% in. by 12 in, at the smaller end, and 3} in. by 
1 in, at the larger end, the length between centres 
being 88 in. ‘The larger end terminates in a solid 
block 63 in. by 4§ in. by 22 in. Around this 
the strap from 1} in. to 1yy in. thick, 13} in. long, and 
23 in. wide. It is held on the connecting rod end b 
two 1 in. diameter bolts 2} in. apart, the inner bolt 
being formed on a preneing late below, on which 
the adjusting nut of the gib takes its bearing. This 
gib is 1}} in. at the top, reduced to 1} in. below, and 
Zin. thick, The brasses are of the form shown, 
44 in, deep, and 32 in, wide, projecting outside the 
face of the connecting rod end. The smaller end 
is solid, with the brasses arranged as shown, and 
the key, which is 1} in, wide at the top and 2 in. at 
the bottom, is adjusted by a nut bearing against a 
bracket bolted to the underside of the on 

The coupling rods are 102 in. between centres, and 
964 in. length of solid rod, the J section of which is 
shown in Fig. 155. Itis parallel 3§ in. deep by 1} in. 
wide, the thickness of the flange at top and bottom 
being 3 in. The ends are made rectangular for a 
length of 64 in., and at the smaller end the strap is 
12 in. thick at the end, and 1} in. and ly, in. at top 
and bottom. The brasses project 4 in. on each side, 
and are 64 in. long by 52 in. high; the strap is held 
on by two j in. bolts p 23 in, apart, and the 
two keys are 6 in. apart from centre to centre. 
These latter are 85 in. long, and 14 in. wide at the 
top. They are adjusted by nuts bearing on the un- 
derside of a double bracket bolted to the bottom of 
the strap. The larger end is arranged in the same 
way, except that it is as with only one key 
ze | a single bracket, e whole length of the end 
is 13§ in. 

Freep Pumps. 

The standard feed pump, as well as the special pat- 
tern for the Class ‘‘C” engines, are shown in Figs. 156 
to 163, e 203. The position of the former is 
indicated im the general view of the engine, and the 
pump arm from crosshead in Fig. 137 of the two- 

e engraving published last week, that in full 
ines being for freight, and the one in dotted lines for 
passenger engines. The pump barrel is bolted to 
the transverse frame carrying one end of the guide 
bars by a bolt Z in. in eter, and which also 
passes through the gland. At the other end the 
ump is secured by a bracket to the eqerke, <2 
rame with another j in, bolt. From the inner face 
of the flange at the end of the barrel to the centre 
line of air chambers is 26 in. The inner diameter 
of the barrel is 2}in, The plunger is 30 in. long, 
and consists of a wrought-iron tube plugged at 
the inner end, which is made solid with a 1}in. 
diameter wrought-iron rod extending about 12 in. 
beyond the end of the tube, and enlarged 5 in. 
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EXPERIMENTS ON FIXING BOILER TUBES. 


(For Description, see Page 199.) 
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from the extremity to receive the driving arm 
from the crosshead. The pump plunger is made as 
shown to give it more flexibility, so that the wearing 
of the crosshead or guides may not cause any exces- 
sive wear of the pumpgland. In freight locomotives 

Classes ““D,” op” and “‘T”’) the pump arm comes so 

ose up to the pump gland on the back stroke, that 
an arrangement of this kind was necessary for the 
reasons given above. The end of the rod is screwed 
and the connexion is made with a nut, as 
shown. The lower air chamber is 13} in. long, and 
4} in. inside diameter, terminating at the bottom 


























a at 
i 
with a Qin. outlet, where the connexion with the 
supply ‘pipe from the tender is made, Two inches 
above this air chamber is a triangular flange, corre- 
sponding with one on the bottom of the upper cir 
chamber and separated from it by a distance of 
llin. Midway between these two flanges comes the 
extension of the pump barrel, 4in. wide, and the 
remaining 3}in. on each side is occupied by the 
valve boxes. The inner pipes in the air chamber are 
cast in one with the latter. The lower one is 14} in. 
deep and 2 in. internal diameter, as far as the neck 
of the chamber, where it is enlarged to 2}in., and 





























afterward tapered out to 33in. The pipe in the 
upper chamber is llin. long and Qin. inside dia- 
meter. The neck of the chamber is screwed to 
make the union with the feed pipe leading to the 
check valve. The seats of the lower and upper 
valves rest respectively on the top of the bottom air 
chamber, and the extension of the pump barrel. 
Both are similar in form and are made with slight 
projections all round to fit over their bearings (Fig. 
156). The two valve boxes or cages are similar, 
44 in. outside diameter and 3 in. high, with a central 
opening in the top }4 in. in diameter. ‘The internal 
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= 
terminates with a screwed projection 2} in. dia-| The pet cock is shown in Figs. 177 to 183. It has | find that, down to the present time, the total number of 
meter, and over this is p a fight cast-iron shell | a }in. jf ey and the seating is 2} in. long; the ame age Era to aa 10,717 
held in place by a shallow nut and a pin, as shown. | plug is set up by a flat sided-nut, as shown. Siculae nah hened of for ten Sempand wpenntsl eae 
The lower edge of this shell is flush with the un- ’ ~asen $9 
derside of the flange on the lower part of the casing,| Figs. 184, 185, and 186 are drawings of the an. 
throttle lever and stuffing box for Class ‘‘C” | Estimated number in existence 8,592 


and encloses the connecting nuts as shown. 

Figs. 164 to 166 are details of the pump for the 
Class “1” engines, thecrosshead of which is illustrated 
by Figs. 138 to 143 of our two-page engraving of 
last week. The length of the pump barrel cast- 
ing is 27 in., and at a distance of 8} in. from the 

, end flange it is fastened by two bolts to the trans- 
verse frame of the engine carrying the guide bars. 
At this point a flange is cast all round the barrel, 
and a bracket on one side of it, to secure a bearing, 
and make the attachment. The centre line of the 
air chamber is 23} in. from the end flange of the 
barrel, the latter at this place being enlarged, 
and pierced with four narrow — 2} in. 
long, and shown in cross section, Fig. 165. Be- 

ond this the end of the barrel is closed with a 

rass screwed cap. The inner diameter of the 
barrel is 2 in. and the plunger is formed of a tube 
and solid rod exactly corresponding to that already 
described. It will be seen by reference to Figs. 164 
and 165 that the centre lines of the pump and the 
air chamber are 15} in, apart. Connexion between 
the two is made with a curved cast-iron 2in. in 
diameter, terminating below in a chamber that en- 
closes the perforated portion of the pump barrel, 
and above in a distance piece separating the two 
valve cages. Cast on to it is a bracket bolted on 
tothe main engine frame. The centre line of this 
distance piece is 16 in. above that of the pump. 
The two air chambers are shown in section in Fig. 
165. The lower one is 4} in, inside diameter, and 
7 in. high. 

The nipple for making the connexion with the 
supply pipe is placed at an angle, asshown. The 

ipe within the air chamber is 2 in. in diameter 
inside, enlarged to 2y in. below the valve. The top 
of the chamber is furnished with a triangular flange, 

a similar one being at the bottom of the upper 
air chamber. ‘The Satter is 4} in. inside diameter, 
and 15jin. high. The paseage above the valve into 
the chamber is 2} in. in diameter. The exit for the 
feed is 5} in. above the top of the valve cage, and 
the centre line coincides with that of the pet cock. 
The valve boxes occupy the spaces between the 
T-ended distance piece on the end of the cast-iron 


engines, described on page 142 anée, and accidentally 
omitted from that description. 


TWENTY MINUTES WITH OUR COMMER- 
CIAL MARINE STEAM FLEET IN 1877.* 
By Mr. J. R. RavENHILL, Member of Council. 
AtTHouGH all those in any way co with our 
Commercial Marine are accustomed to talk of its great ex- 
tent in tonnage and horse power, and the — increase 
that has taken place in the fleet during the last few years, 
they are probably unaware that no public returns exist as 
to the total amount of horse power of the engines that have 





been fitted and set to work on board our commerci 
steamers from time to time, notwithstanding that the 
amount of their tonnage as belonging to the British Empire 
has always been accurately recorded. I can advance no 
better reason for such an omission than that the tonnage 
of the hulls of sailing vessels having been from time im- 
memorial recorded, steam ships fell into the same category, 
the tonnage of each class being required to be known for 
the purpose e-— of dock dues, harbour dues, &c. ; 
and it would appear that the Merchant Shipping Act 
of 1854, whilst making the fullest provision for the identi- 
fication of all registered steam ships, passed over in silence 
the horse power of the engines that might be fitted on board 
them. The returns of tonnage annually prepared by the 
Registrar-General of Shipping inform us that in the year 
1814, one steam vessel of 69 tons belonged to the United 
Kingdom, and one vessel of 387 tons is returned as belong- 
ing to the British plantations, giving a total of two steam 
vessels of the combined tonnage of 456 tons as our com- 
mercial steam fleet at that date. The figures below, taken 
from these returns, show at a glance the progressive growth 
of our commercial fleet, during what may be ractically 
called the first half century of its existence. They are as 
follows at periods of ten years, and it is to be regretted that 
since 1862 these returns have not been continued : 


Taste I. 








_ | Number of Vessels. Tons. 

1814 2 456 
1824 126 15,739 
1834 462 50,735 
1844 988 125,675 
1854 1708 326,452 
1862 2600 597,932 














It was about this latter date (1862) that the late Mr. 
Baring commenced to move annually for a Parliamentary 
return of steamers built, &c., which continued to be pub- 





connecting pipe and the flanges of the top and 
bottom air chamber. They are of the same form as | 
those already described. The unions between the | 
upper air chamber and the feed, and the lower | 
chamber and supply pipe, are similar to those for the | 
standard ‘‘ C” engine, except that in the latter there | 
ig no connecting elbow, the wrought-iron pipe being | 
joined up direct, with a brass flange secured to the 
end. ‘The check valve and casing are of the 
standard pattern. The point of admission of the feed 

into the boiler is 12 in. from the front tube-plate. 

Lazy Cock Riaaine, 

The general arrangement and details of rigging 
for cock on feed pipe from tender may be explained | 
without the help of illustration. A rod passes 
through a brass sleeve on a bracket bolted on the | 
back plate of the firebox. The bottom of this rod | 
rests in a bearing on a bracket bolted to the under- 
side of the firebox, and has attached to it a short 
leyer, connected with a bent rod coupled to the cock, 
The latter is operated through this rigging by a 
hand lever pinned to the top of the rod first men- 
tioned. Through the lever —_ a # in. thomb- 
screw, engaging in a nut and sliding in the quadrant, 
cast on top of the sleeve. 








CYLINDER AND Pert Cocks, 


Figs. 169 to 183 show the arrangement and con- 
struction of the standard cylinder and pet cocks. 
The former are operated by a rod through one of 
the handrails running along the side of the 
boiler, and carrying just over the rear end of 
the cylinder a small arm, from which a vertical | 
rod descends, and is linked to a bell-crank lever, | 
that actuates a bent lever connected with the 
cylinder cock, Figs. 169 and 170. The bell-crank 
lever is keyed on to a horizontal shaft that runs 
between the two cylinders, as shown, so that the 
cocks on both are worked from the same main rod. 
Figs. 171 to 176 show the construction of the cock. 
The arom | is 34% in. long. 17% in. in diameter at the 
larger, and } in. at the smaller end. The bore of 
the cock is 4 in., and the outlet is at an angle 
both in the seating and in the plug, as shown. 





lished until 1870, when it ceased ; but the totals in these 
returns were never collected. At the present time neither 
the Board of Trade nor Lloyd’s, although the latter since 
1874 have had their own staff of marine engineers, is in 
ssession of gross totals of the tonnage of vessels or the 
orse power fitted on board them; for these two great 
departments only take cognisance of such vessels as come 
under their own surveyors. It is well known, however, 
that there is a large number of vessels running that never 
come under any periodical survey. With a view therefore 
to obtain some knowledge of our onion condition, I have 
had the figures given in the returns published in the Mer- 
cantile Navy List and Maritime Directory for 1877, which 
is compiled from official and other sources by the Registrar- 
General of Shipping and Seamen, and which gives the 
nominal horse power of all engines as returned, carefully 
added up and subdivided, and for comparison I have ascer- 
tained the like figures given in the same directory for the 
ear 1872. The result as regards horse power is as fol- 
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1877 426,908.5 | 153,835,5 3362 584,106 

Increase 150,409.5 | 9,236.5 on 158,007 
Decrease eve | eco 1639 














It may be prudent for me, with a view to guard myself 
from criticism, on the meaning of the words nominal horse 
power now that the term indicated horse power is alone 
recognised in the British Navy, to state that I use this term 
in — ee paper in its old sense, that has always heen 
adopted and is still — by the official compiler of the 
above-named work, and used at the present time in Lloyd’s 
Register of Shipping and in the Underwriters’ Registry for 
Liverpool (the Liverpool Red Book). Machinery having a 
total of 584,106 horses power in our commercial marine re- 
quires some attention and superintendence when at work ; 
and by a return before me of the estimated number of 
certificated engineers of the British mercantile marine, I 





This total must not be as the correct number of 
those employed afloat, as, in addition to some who have 
probably ceased to be connected with their late occupation, 
and who have not returned their certificates, there are 
others who, still holding them, seek employment from time 
to time in our large marine factories; and of these two 
classes no correct estimate can be formed. On the other 
hand there is a very large number of men amongst them, 
many of great experience and skill, who, from want of a 
better education in their early days, have been unable to 
obtain certificates by passing the necessary qualifying ex- 
aminations, who seek their livelihood in vessels of under 
100 horse power, and of whom no record is kept. Their 


ia] | number would probably more than balance the loss of the 


two classes mentioned above ; and if we take 9000 as the 
number of all classes, we shall doubtless closely approxi- 
mate the true figures. It has often occurred to me what a 
field for the training of young engineers afloat our com- 
mercial marine presents. From the figures of the distances 
run by vessels under steam which I shall bring under your 
notice, those who are in any way conversant with our 
Royal Navy must admit that in it no such experience can 
be obtained, for the transport service is very limited, and 
the hours named for departure are not always closely 
adhered to; but on the contrary, the mail steamers, timed 
to leave at a certain hour, are bound to go; and if all is 
not in such perfect order as the chief engineer may desire, 
start he must, and once away, for many along day he may 
have to bestow his sole and undivided attention to some 
matter causing him anxiety, and still arrange the work of 
his assistants that no effort may be left untried to reach 
the port to which or are bound; his object, besides the 
simple execution of his duty to his employers, being to 
maintain the credit of himself and his vessel, possibly at 
the time occupying the pride of place in his company’s 
fleet, and no sacrifice is too great for him and his assistants 
to make to preserve that position for which they have 
worked so hard. Such a school I am confident, can alone 
afford the training a sea-going engineer should receive, 
and I am sanguine enough to hope that the day is not far 
distant when some arrangement will be made between the 
Admiralty and our large steam companies for the junior 
Royal Navy engineers to have the opportunity afforded 
them, if only for a period of twelve months, of obtaining 
such experience with machinery at times pressed to its 
utmost in all seasons and ih weathers, an experience 
they never have and never will obtain in vessels of the 
Royal Navy. There may be difficulties in carrying out 
such a suggestion and of which I know nothing, but I 
cannot believe they would be found insurmountable. I 
have selected the year 1871-2 as my point for comparison, 
as it was the first year in which the Liverpool Red Book 
took cognisance of the nominal horse power of engines 
quoting also their description, and although it ignores all 
vessels which are under 50 tons gross register it was the 
only authentic information from which I could obtain my 
figures. It was at this time, also, that the owners of 
steam vessels began more seriously to consider the neces- 
sity of the economy of fuel in steam navigation, and the 
writer was consulted by the City of Dublin Company as to 
the advisability or otherwise of compounding their ordinary 
or jet condenser engines on board the Holyhead mail 
packets ; but on the matter being gone into it was found 
that any alteration would resolve itself into an entirely new 
set of engines and engine bearers for each vessel, and whilst 
a probable saving of 45 to 50 tons of coal per day repre- 
sented a very Kr) money value, the company did not con- 
sider they would be justified in going to so heavy an outlay, 
and the idea was abandoned, doubtless partly owing to the 
short remaining so for which they held their contract. 
This, the writer been informed, has now become only 
an annual one, and as ry bes the service continues to be 
performed in its present efficient state there is no prospect 
of any trial being made with such large die-wheel com- 
pound engines as these mail packets would require. There 
are a few compound paddle-wheel engines at work, but the 
number is unworthy of notice. The question ,naturally 
arises what brought about such a great changein our;com- 
mercial marine at this time? Opinions may differ as be- 
tween competition and the coal famine then commencing ; 
but shipowners had been in the habit of having coal put 
into their bunkers on board their ships, say at Liverpool, 
for 8s. 9d. a ton, and within a twelvemonth not only was 
this cost doubled in ameunt, becoming 17s. 6d., but in the 
following year rose another shilling per ton. It was also 
in this year that Lord Dufferin’s Committee was appointed, 
their sittings commencing in Feb , 1871, and the evi- 
dence with the appendix, &c., being laid before Parliament 
in 1872. Amongst other matters, they investigated the 
advisability of the general introduction into the British 
Navy of compound engines, fitted with the ordinary form of 
service condenser and boilers carrying a pressure of not 
less than 60 Ib. on the square inch. Cire were issued 
to all the leading marine engineering firms on the subject, 
seeking for information and asking for written replies to 
their questions (see Appendix A), and only six firms re- 
sponded : Messrs. John Elder and Co. ; Messrs. Humphrys, 
Tennant, and Co.; Messrs. Laird Brothers; Messrs. R. 
Napier and Sons; Messrs. Ravenhill, Hodgson, and Co. ; 
Messrs. J. and G. Rennie. a 
Circulars were at the same time issued to the principal 
steam ship companies and others, but the chief engineers 
of three companies only, the Royal Mail Steam Packet 
Company, the Pacific Steam Navigation Company, and the 





* Read before the Institution of Naval Architects at 
Glasgow. 





Penins and Oriental Com lied to the questions 
forwarded (see Appendix B), As back as the year 
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1854, Messrs. Elder and Co. had commenced to make com- 

and engines, and at this time (1871) had constructed 
Poem to the extent of 13,940 horse power, principally for 
the Pacific Steam Navigation Company, some of whose 
machinery was working with 60 lb. of steam ; and here in 
his own city let us pass a tribute of respect to the memory 
of the late Mr. John Elder, to whom the present position 
of the compound engine is mainly due, supported as he was 
by the Pacific Steam Navigation Company, in whose late 
chairman, Mr. Graves, the compound engine had a most 
enthusiastic supporter. The experience however of the 
remaining five firms was limited, notwithstanding that 
other companies and owners had been” feeling their way 
with the compound engine, using pressures of steam from 
25 Ib. per square inch upwards. regards the consump- 
tion of fuel, which is more particularly the subject I have 
in view, Messrs. Elder and Co. anticipated a saving of 
50 per cent. over the jet condenser engine. The replies 
from others took a less sanguine view, varying from 40 to 
20 per cent., but as a whole they appear to have fully 
warranted the committee in arriving at their conclusion, 
namely: ‘‘That compound engines should be adopted 
generally in future ships of the Royal Navy, and when it 
can be done conveniently and economically in ships already 
built.” The advantages and desirability of this decision 
in the case of the machinery of the Royal Navy has, I am 
aware, been questioned, but as my paper is on our com- 
mercial marine it.is not within my province to dwell in any 
way upon it. But to pass on and inquire how far subse- 
quent experience, as shown from the results obtained, has 








1876, periodically corrected up to a recent date, that the 
Pacific Steam Navigation Company has thirty-four vessels 
fitted with compound engines ; the Peninsular and Oriental 
Company, thirty ; the Royal Mail Steam Packet Company, 
fifteen; the National Company, nine; the Oceanic, or 
** White Star,”’ nine; the Guion Line (Great Western), 
four ; the Inman yy a , four; working at 
pressures varying from 40 lb. to 1b. on the square inch. 
Tables containing information in connexion with the above 
fleets, together with some others, will be found in a 
C. In Table No. V. may be seen the results obtained from 
vessels A, B, C, D, E, steaming over many thousand miles 
on their several stations, each of them m and rigged 
on the most approved plan for making the fullest effective 
use of its sail power whenever it can be beneficially em- 
ployed, and all burning, as far as it lies in their power, the 
escription of coal that experience has shown to be the 
most advantageous ; and here let me incidentally mention 
that many owners are directing their attention most ly 
to having an accurate entry kept in the log-book of the 
number of hours their vessels are under canvas and the 
number and description of the sails set ; the chief engineer, 
in addition to the captain, having to report on this. 
In the following Table the Deccan is included as the letter 
C ; her performances we have had before us on a previous 
occasion, but I have thought it as well to introduce her for 
the purposes of comparison. I have also adopted the 
formula introduced by Mr. De Rusett in his paper on the 











“ 20 5. 
TaBLe VII. 
vamaahe F. G. 
Ave speed in knots per hour .. 14.81 13.953 
Mean draught ose dus +++] 19 ft. 8 in. |17 ft. 95in. 
Area in midship-section in square a 7 
aera ae 
Displacement in 4310 3970 
Indicated horse power $245.3 2590 
Diameter of screw is 17 ft. Gin. 
Pitch ... ose ste osé Re 25 
Revolutions per minute 61.75 63 
Slip of screw in per cents. ... nae 10 
Pressure on boilers ... pa 55 65 
Diameter of cylinder (small 60.5 56 
9 . (large éaa 112 
Proportion of cylinders bee eos ose 8 
hofstroke .. «. 1 4% |4ft 6 im. 
cient of performance as per , 
Admiralty displacement formula— 
speed® x displacement 2 265 262.7 
LHP. <a : 











The best Welsh coal is used on board both at sea, but the 





services on which they are employed are very different, as 


TABLE V.—Drmensions or Screw STEAMSHIPS AND THEIR RELATIVE PERFORMANCES AT SBA. 


















































justified the anticipations that were formed. Since this . 
date (1871), the introduction of the compound engine into salad A. B. v, D. E. 
our commercial fleet has been very great and very rapid ; 
the Liverpool oy Book shows - the figures being ab- - & en ‘te ute rye 
stracted that the total number of screw steamers fitted 4 2 5 0 4 » i 
with compound engines is as follows : Bread er ane s = = 3 “o : ‘a 0 "to 2 “o 1 
th ove eco ove 16 2 2 7 2 
TaBLeE III. P’ 3198 before 
Gross registered tonnage ... oso 611 2833 alteration 2956 2999 
Number of | Lot#l amount of ° 3429 after do. 
Vesnsie, —— Horse ve 3 
‘ower. 4 zZ. b i 5 i i E i 
For the year 1871-2 849 133,547 a 2 & He E : ; Z ' i i i H 3 : 
‘s 1876-7 2765 436,041 za | 84 | zd | & E 8 Ea | 8 
Total distance run at sea, in knots 31,990 | 58,040 | 284,279 | 125,562 | 76,658 75,406 49,028 265 | 25,835 | 25,201 
Giving as the increase in the horse Total hours under way sknote” see = — oar = tisk sees S115 ase so 
i rT, in . } . ¢ ° bd . J . . 
power during the five years ... , 302,494 Pte pat pt sew tng foes 2.007 | 2,007 | 70,368 | 15,481 | 15,141 11,276 | 13,875 | 9,083 | 5,072 | 3,486 
Consumption of coals per dag in “ ‘ Ba) s — = Bn 4 ov A. \ Ft AS 
i i : Ave mean draught of water ... ini r / . 
Be ny be ~ ane ee et a ae pare 7 Area af midship-section, in square feet...| 342 | 342 | 6443 | 674 e778 | 7456 | 7a7.66 | ator | si | 64s 
small vessels pa in the coasting teada, or in ast nie Daxv23," | ae a eer s pct Dood Baraat Bessy: 
voyages, some of them with less horse power than 90 | Coefficient of merit -D #* Vhs 950.6 | 1,448 | 608.8 | 1877.7] 10998 | 1729.7 | 865.7 |1745,9 |1221.9 |1891.1 
horses ; but between 90 horse power and 99 horse power I ment in percen’ in favour of 
found the increase worthy of special notice, as the follow- “apes cages... st a oe 52.8 ose 126.2 oo 57.8 + | 10L5 oes 54.8 
ing Table shows: 
































TABLE TV. 
Number of Vessels having Compound Engines of 
Total. 
up. | 90 | | 92 99 | 96 | 95 06 |97| 98 | 90 
1871-2} 61 oo BT cco | ccs | 38 ‘Ye! 1 62 57 224 
1876-7) 188 8 1 1 2 | 56 sal 1 | 189 124 539 
Increase _....| 315 








It isnot my intention to do other than thus make passing 
allusion to what I have heard happily spoken of as the 
“* Mystic Nines,’’ but the number of vessels with 100 horse 
power stood only in these respective years at twelve and 
fifty-three. The most numerous form of compound engine 
is the one having two cylinders of the ordinary inverted 
type, one small and one. large, side by side, the cranks 
——e an angle of 90 deg. to each other, and the air 
pumps being worked by beams, notwithstanding that those 
fitted with three cylinders (one high pressure cylinder and 
two.low pressure), standing in a similar way, and those 
with four cylinders (the small ones being placed above the 
large ones, as well as those with two cylinders only of the 
same construction, are each reported on favourably by 
tai respective poate ; but in So Dineen m, 
whic! sses some advantages possibly over the other 
three, the large diameter of 120 in. has been reached in the 
low-pressure cylinder, with a] of stroke of 5ft.; and 
although the re-introduction of loose liners is opportune in 
reducing the risk of casting them, and being in themselves 
easy of renewal in the event of undue wear taking place, 
the action of the weight of suclf large pistons in vessels 
rolling at sea must at times prove detrimental to their full 
efficiency, in consequence of the liability of the piston 
pecking springs to yield, and thus allow the pistons to 
leak. Ido not, therefore, anticipate seeing any material 
increase in diameter to those now at work being prorosed. 
I need scarcely add that all classes are fitted with expan- 
sion valves. ‘The present practice as regards the multiple 
of the cylinders appears to be generally to make them 
three to one, but the Liverpool and Great Western Steam- 
ship Company (Guion Line) adopted, in the case of the 
Dakota and Montana, a proportion of 6.21 to 1; their 
original intention was to work ata pressure of 115 1b. to 
the square inch ; and I make this passing allusion to them, 
not only because they proposed both a higher pressure and 
a higher rate of expansion than anything before attempted, 
but were the first owners who introduced on a large scale 
the water-tube boiler as a marine boiler ; and, whilst we 
may hi the failure of their endeavours, we cannot but 
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lengthening of the Peninsular and Oriental Company’s 
ne Poonah, read at our last annual session, without 
offering any opinion as to its corrrectness or otherwise ; 
the percentage of merit thus shown as obtained in cases 
where no alteration has taken place in the form of the 
vessels I take to mean a percent of commercial merit, 
that is the comparative commercial advantages obtained on 
every ton of coal expended in the use of compound engines 
on the present system over ordinary jet condenser e es 
working with 20 lb. to 301b. pressure on their boilers. 
The first vessel A, comparatively of small dimensions, is 
one of the few instances in which owners on making the 
change to compound engines have reduced the speed of 
their ship, and although this performance shows an im- 
proved coefficient of commercial merit in favour of the 
compound engine of 52.3 per cent., some deduction would 
have to be made for the extra expenses of the ship’s crew, 
&c., in consideration of such a reduction. All the other 








examples show an increase of speed with an improved co- 
efficient of commercial merit, the difference in the value of 
the coefficients in the case of B and D be the most 
marked of any that have come under my notice ; but passing 
on I am desirous of drawing your attention very particularly 
to the performances of the vessels F and G at sea in the 
following : 

TaBLe VI. 








oe F. G. 
Length between mdicilars .../358ft.2in.| 413 ft 
Brosith ed aes ss oo] 41 ft. 41 ft. 6in 
Depth ... Ae Se on a wd ty 
Gross registered tonnage ... ooo i ‘ 
Total distance run at sea ... | 55,963 34,252 
>, hours underway ... «| 4,967 4 3,131 
Average speed in knots per hour ...} 11.11 10.94 
Total coals consumed in tons «| 7,604 4,775 
Consumption of coals per day in tons 36 36.6 
Average mean draught of water ...| 21 ft. 9in, | 20 ft. 4in. 
Area of midship section in square 
feet ... ons pes ie --| 760.28 639 
Displacement in tons... oa ee] 4,925 4,832 
Coefficient of merit per Mr. De 
Rusett’s formula ... os o| 2042.6 1917.6 











The above performances were Stated by the owners 
to represent their best t of ship at the present time, 
and in addition Table Vit. shows their relative perfor- 
mances at the measured mile trials. ts are as 


* Where D=displacement of vessels in tons ; V=speed of ditto in knots per hour ; C, consumption of coals in tons per day. 


is also their rig ; it is admitted that F can make the better 
use of her canvas. Doubtless some of the 6} per cent. is to 
be found here. In these cases I have no percentage of im- 
provement to show, but their coefficients of commercial 


his machinery, the former spares no effort on his in 
bringing science to bear so to apportion the set of ‘the 
material in the hull as to obtain the maximum of strength 
with the minimum of weight, with the object of improving 
the design of his vessel. But whilst these performances 
show very conclusively the advantages obtained by the in- 
troduction of the compound engine, I do not any_re- 
duction in the coal consumed per indicated horse 
hour, reliably recorded below the figures we heard of as far 
back as 1871, namely, 1.75 Ib. The relative one 
of coal is now so ly criticised engineers, the 
ifference in some cases so small, that the condition of the 
oar ante an Sere the engineer who takes 
the diagram become ma‘ of serious i i 


Z 


f from the engine room. Whilst 
the older com and steam ers are thts deri 
benefit from the great reduction in the consum of 








r bold which led to the introduction of such 
machinery. I gather from the registers of shipping of 


follows : 
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2.5 | 

large steamers running between Liverpool and New York. 
But taking them as a fleet there is nothing that will com- 
pare with the Oceanic or White Star Line. This fleet con- 
sists of nine vessels with machinery all on the compeund 
principle. Their large vessels from 600 horse power up- 
wards have the four-cylinder engine o* the vertical type, 
with a working pressure of steam from 65 Ib. to 70 Ib., the 
stroke being 5 ft. These vessels deservedly hold the pride 
of place for their speed maintained as ocean-going steamers 
between Liverpool and New York. The Britannic is re- 
corded as having made the shortest homeward passage yet 
known, in December, 1876, having run the distance, 
2882 knots, from Sandy Hook to Queenstown in 7 days 12 
hours 41 minutes at an average speed of 15.95 knots per 
hour, whilst the shortest recorded outward voyage has been 
made by the Germanic in April last, when she performed 
the passage in 7 days 11 hours 37 minutes, running over a 
distance of 2830 knots at a speed of 15.75 knots per hour ; 
the mean speed of these two vo is 18.459 statute miles 
per hour. The difference in the distances run in the out- 
ward and homeward voyage is 52 knots, a distance some- 
thing shorter than the length of the between Holy- 
head and Kingstown. The service of the company between 
Liverpool and New York is performed by six vessels, and 
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Table VIII. shows the performances of the Bri- 
tannic on eleven voyages, from June, 1876, to June, 
1877. You will observe that the average indicated 
horse power is recorded at 4900 with 52.3 revolutions 
per minute, and copies of indicated diagrams (see 















































Pp 208) have been handed to me as showing 
a fair average performance of her machinery. The 
Britannic is of the following dimensions : Length 
between perpendiculars, 455 ft. ; breadth, extreme, 
45 ft. 2 in. ; depth, 33 ft. 7 in.; gross register ton- 
, 5004. She is fitted with four masts, was built 
by Messrs. Harland and Wolf, of Belfast, and has 
engines by See Manudslay, Sons, and Field, of 
London. Four cylinders, two large and two small. 
Diameter of small cylinders, 48 in. ; diameter of 
large cylinders, 83 in. ; length of stroke 5 ft. 


Taste VIII.—Performances of s.s. ‘‘ Britannic,” of the 
White Star Line, United States Mail Steamers, from 
Liverpool to New York, on Eleven Voyages, from June, 
1876, to June 1877, inclusive. 





Total distance me ee we 64,230 knots. 
»» number of hours under way 4,269 hours 
»» Coals consumed ove 18,214 tons 








A 8 per hour ... pore 
ret ot per day 
a = Re, 
verage mean draught of water... 
Area of midships section at 23.7 
draught ... coe ove Pe 
Displacement ditto 






15.045 knots 


101.932 tons 
23 ft. 7 in. 


926 sq. ft. 
8,500 tons 
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Diameter of propeller ... 

Pitch a “es 

Surface an ad wae 

Average number of revolutions per 
minute asa see ove 

Average working pressure in 


TS ave i eee ° 

Average indicated borse power ... 

», . consumption per indi- 

cated horse power ne 
Average per knot ... 
9 per hour ... 

»» per furnace per 

(Signed) 


hour ... 


23 ft. 6 in. 
31 ft. 6 in. 
128 sq. ft. 


52.3 per min. 


65 Ib. 
4,900 


1.94 lb. 
5 ewt. 
4.25 tons 
2.67 cwt. 


S. Gorpon HorsBureH, 


Superintendent Engineer. 
These figures require no comment from me further than 


that Ihave been nested to draw 


your particular at- 


tention ‘to the small amount of indicated horse power 
é in proportion to the displacement of tonnage of the 
ship at this high velocity. By way of comparison, I intro- 


duced the following parti 


rs of the Great Western 


steamship, the first vessel that earned a great name in 


tlantic voyages : P 
Tasize IX.—“ Great Western’’ Steamship. 
Name of builder eae wa Patterson 
ere built ... id Bristol 
Date of launch ... ax a 1837 
Wood or iron a ee ane Wood 
212 ft. between ndiculars 
ft. in. 
Beam... eee 85 4 
Depth ... ; a «aes 
Tonnage ... 1340 tons builders’ measurement 


Name of engineers, Messrs. Mandslay, Sons and Field 


Horse powes (nominal) at 

Typeofengine .. ... ass Side lever 

Size of cylinders " . 74 in. diameter 

gr aren : 7 ft. 

Paddle wheels ... A al 28 ft. diameter 
99 ove ... 28 common floats 1.10 wide 

Number of revolutions per minute from 10 to 18 

Boilers... oad ove Four, return flue 

Steam pressure ... ove 5 lb, per square inch 


































PY -— 


Liverpool and 
bout 15 days 


Average time of voyage between 
New York ... ind eae 
Date of ship’s decease + Broken up in 1856 
The average length of voyage of the Great Western ap- 
to have been about fifteen days from Liverpool to New 
York. In forty years we have thus seen the time between 
these two ports practically reduced one-half — another 
proof, if one is required, of the progress made in steam 
navigation ; but whilst we progress, the necessity of the 
strictest investigation into the system of management 
cannot be too strongly impressed on the owners of all 
steamers as the annexed results given me by an experienced 
marine engineer clearly demonstrate. On the management 
whe. 4 the engine-rooms in a fleet of five vessels being 
P in his hands he found the consumption of coal in 








SES 
SNNSV 


show a total reduction in the five vessels on the foul 
voyages of 1565 tons, and, at the same time, a difference 
in the consumption between H and M of 385.75 tons. One 
engineer may watch his stokehole more closely than 
another, but as re; s this difference, if a chief engineer 
should feel any diffidence as to the quantity of coal left in 
his coal bunkers on his arrival at Calcutta for his return 
voyage and takes native coal on board, he will rapidly 
increase his consumption. This was very carefully in- 
vestigated and the results, as near as could be obtained 
from the use of three different descriptions of coal, were 




















as shown— 
TaBLe XII. 
be of 
Lhe + o 
x SB) Fs 
s |gas| Sa 
aalPex| Bo 
~~ gelges| s3 ide 
golems| Be 
fla"s| va 
8 g eyo £0 
skis fm $3 
a2Sia 8 th 2 
Smisek) Fe 
rs) gs ao 
Mit |My S|] 2 | nar | sos 4a Ss Masse 
Hartley's coal ... .-| 82 | 2.48 | 1200.64 ) | overboard per hour 
Indian coal. Ranegunge| 33 | 3.56 864 |45 ditto ditto 








The best results are generally obtained from the use of 
Hartley’s in a class of ship where the stokers are frequently 
moving from one vessel to another, and many of them are 
not competent to be considered as first-class firemen, bnt 
my object is to bring under your special notice the small 
amount of power exerted by the engines in consequence of 
the inability that was experienced to maintain steam whilst 
burning the Ranegunge coal. Not only was the speed 
of the ship very seriously affected, involving loss to the 
owners, but a large amount of extra work was entailed on 





tons on the round voyage to Calcutta and back to be rela- 
tively as follows : 
TABLE X. 
H. ) a | K. | L. | M. 
the eng 
charge the 
2553 2371 2413 2640 2683 











After giving *the machinery of each vessel a thorough 

















overhaul he adopted a new code of regulations for ‘the 
— rooms and reduced the consumption of coal as 
below. 
TABLE XI. 
— H. I. K. L. M. 

Ist voyage ... 2091 2106 1999 2205 2435 
2nd - 2041 2291 2164 2327 2353 
3rd am 2083 2378 2205 2289 2450 
4h ,, 1949 | 2171 2012 | 2360 | 2472 
Total consumption in 

tons on the four 

voyages .| 8164 8946 8380 9181 9710 
Average ditto r 

voyage ees ae 2041 2286.5 2095 | 2295.26 | 2427.25 























Whilst burning the same description of coal, these figures 





room staff from having to arrange for and dis- 
heavy additional number of forty buckets of 
ashes per hour. This in itself would sadly interfere with, 
and prove detrimental to, the proper working of the fires in 
the main boilers, tending to increase their eonsumption 
whilst the steam hoists have to be kept at work continu- 
ously, their own boilers all the time consuming coal. Time 
will not permit me to dwell on the subject of boilers. 
Return tube boilers with tubes above the fireplaces and 
fired at either one end or both ends are in the most general 
use. Steel plates are now being introduced in their manu- 
facture, and one or two novelties in their designs have 
been recently brought under my fotice, with the view to 
the better attainment of strength, a more accessi- 
bility to many rts for the purposes of examination and 
repairs, and of further insuring a better circulation of the 
water, especially during the time steam is neg aes in- 
stances having occurred where the shells of boilers have 
cracked circumferentially through the solid plate after the 
fires had been lighted a comparatively short time and when 
the pressure of steam on the boilers was very low. Little 
or no has been made in water-tnbe boilers, and it 
is a subject for t that the e and water-tube 
boilers, as advocated by Mr. Loftus Perkins, and o 
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by the Admiralty to be constructed for one of Her Ma- 
circumstances 


’s ships have, from unforeseen 8, not been 
ted. a good form of boiler, containing all the above 


advantages, equally as light and efficient and not occupyi 
more dion these now in use, is much required, an 
the party who may introduce such a boiler, whilst obtain- 
ing credit for himself will confer 4 great benefit not only 
to the shipowner and the travelling public by rendering 
accidents and vexatious delays on account of necessary 
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INDICATOR DIAGRAMS FROM ENGINES OF THE “ BRITANNIC.” 


_ less liable, but also to all that vast multitnde of his 
fellow-creatures, the families of the captains, the officers 
and crews whose duty it is ‘‘ to go down to the sea in ships, 
and occupy their business in t waters.’ I have only 
now to tender my thanks to all those through whose assist- 
ance and courtesy I have been enabled to occupy your 
attention for twenty minutes on subjects which I trust you 
will have found both interesting and instructive. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 
The Floods—Breaking of a River Bank.—Owin 
unusual rains of last week the River Don brought down an 
immense volume of water to Doncaster and below that 
town. The pressure was so great that at Trumfleet the 
5 a gave way, and its waters inundated a great area 
A Rural Tramway Line.—It is stated that the Great 
Northern Railway Company has un en to construct a 
rural ee | from Misterton, a station of the company’s 
Doncaster and Gainsborough loop line, to West S ith, 
on the River Trent. The project is rather novel, inasmuch 
as it is understood that goods will be carried for the public 
besides the chemicals, &c., required for a manufactory 
which is situated at Stockwith. 


Reductions of Wages.—At the Dronfield Steel Works, 
near Sheffield, the workmen have agreed to accept a reduc. 
tion in wages of 10 per cent. 


Proposed New Undertakings.~-A new “‘limited’’ com- 
any to be called ‘‘The Milton Main Coal Company, 
ited,”’ is being formed to work about 400 acres of coal 
at Wath-upon-Dearne, which has ben leased from Earl 
Fitzwilliam and others. The capita. is to be 30,0001. It 
is proposed to work the Oxclose Colliery, at Ossett, near 
Wakefield, by a limited com: to be shortly formed. 
The colliery has the Joan and seams with an area 
of about acres. A company has been formed to carry 
on the practical manufacture of Acaster’s mt rail 
fasteners—in substitution for fish-plates and bolts—and its 
first issue of shares has all been subscribed. The works 
are to be at Sheffield. 


The Worksop Sewage Scheme.—At last week’s meeti 
of the Wi Local Board-a letter was read from Mr 
Foljambe, M.P., agreeing to allow the town sewage to be 
pumped on to certain of lands for a term of 25 years, 


to dis of it himself, providing ‘ 
Dos } ome ld be required. Ww th h certain minor 





Bolton-upon-Dearne, are nowin the hands of the contractors, 
Messrs. Dransfield and Co., of Liv 1, and the works 
have been commenced. The whole of the station buildings, 
warehouses, &c., will be finished by next Midsummer, or 
earlier. All the smaller erections will be of pressed red 
bricks, and will be of very neat design. The line itself is 
now in a forward state, and when finished will form an im- 

rtant link in the chain of communication between the 
Midland and North-Eastern Railways. There are no 
fewer than 86 bri to be constructed, the most im- 

ing (of masonry) being one of six arches over the River 

ent, near Badsworth. ———_- oe station — 
ings will be enlarged and the junctions altered and im- 
ate The heaviest cutting is at Royd Moor, where 
several hundred men and three locomotives are now at work. 





NOTES FROM THE SOUTH-WEST. 

Dock Extension at Cardiff.—The Marquis of Bute having 
decided not to proceed with the new docks at C; , for 
which parliamen' powers were] obtained some years 
since, a vigorous effort is being made by various gentle- 
men interested in the trade of the port to secure the much 
needed increased accommodation by an extension of the 
Penarth dock system. Four gentlemen have collectively 
offered to subscribe 80,0001. for the project. 


Briton Ferry.—The dock authorities at Briton Ferry 
effected the quick discharge of a steamer on Friday. On 
that day the Ardeer (s.), Captain Stewart, laden with 
350 tons of pig iron, docked at 6 a.m. ; and 13 hours later 
she left the port laden with a cargo of coal shipped by 
Messrs. Richards and Co., Swansea. 


Bristol Harbour Railway.—The works on the new 


wharf and dep6t of the Bristol Harbour Railway have, with | §.m) 


some slight exceptions, been completed and are now in use. 


Great Western Railway.—The following works are con- 
templated by the Great Western Railway Company: Ad- 
ditional lines Swansea and Landore, 10,0001. ; 
new locomotive sheds at Landore and Neath, 94001.; and 
extension of workshops and offices at Swindon, 14,400/. 

Bristol Steam Navigation C y.—A company has 
been recently sapiens under this title. The proposed 
capital is 150,0000. 

Station Accommodation on the Great Western. — The 
Great Western Railway Company is giving increased atten- 
tion to the provision of siding and station accommodation. 
Thus the directors have taken a vote of the proprietors for 
works of this description at Cardiff, Evesham, Exeter, 
Malvern, Link, Merthyr, Reading, Swindon, Whitland, &c 
A further expenditure of 30001. is to be made with a similar 
object upon the South Devon Railway. 


Milford Haven. — Lo ony is ay * made with the 
Sequins of Neyland Pill in Milford Haven. The em- 
ment has been widened, and is gradually consolidating 
upon the foreshore of the Pill. 
Working Stock on the Great Western.—During the cur- 
rent half-year the directors of the Great Western Railway 


Company contemplate an outlay of 70,9781. for additional | P@® 


engines, carriages, trucks, &c 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—On Tuesday there was a 
good attendance on ’Change at Middlesbrough, but again 
the report is of a stereotyped character. ere was no 
change in the prices of pig iron, and keen buyers were able 
to obtain all they required at special rates. A fair amount 
of pig iron is being shipped at Middlesbrough for Con- 
tinental ports, but the total production in this extensive 
district is so heavy that the supply is still in excess of the 
demand. Makers’ stocks are large. 








The Finished Iron Trade.—The plate trade has been 
the salvation of iron manufacturers in the North of Eng- 
land. Nearly all the rail mills which a few years ago 
afforded = oyment to so many thousands, have been 
closed for a long time, and there is no prospect of their 
bow reopened. Everybody seems to be of opinion that 
until the war in the East terminates, le will remain in 
the present melancholy condition: Peace, people say, would 
bring with it a general revival of business. 

Engineering and Shipbwilding.—There is a — deal of 
engineering and shipbuilding going on in the North, but 
the orders are lly distributed. Some are ex- 
ceedingly busy; while others are actually so slack that they 
are paying their men. On the Tees there are several 
large steamers nearly ready for sea, and the stocks are well 
filled with vessels in different stages of construction. 

The Coal and Coke Trade.—All kinds of fuel are in poor 
request. There will be no change in the coal and coke 
trades until there is a better demand for all classes of iron. 

The Iron and Steel Institute.—Next week the annual 
meeting of the Iron and Steel Institute will be held in 
Newcastle. Every effort is bei made to make the 
girs s eg yo that —— been held, and 

r. J. S. Jeans, the newly appointed secretary, is bei 
supported by all the infinenteal people in the Northern 
counties who take an interest in the iron trade. On the 


banks of the Tyne and Tees all the works will be thrown 

open to the members of the Institute, some excellent 

feoee cn oes anes wero read, and there will be 
quets at Newcastle and Middlesbrough. 





to 
Mr. 
feed- 


Tue Lats Mr. Rospert Berrrman.—We 
record the death on the 28th ult., at the age of 39 
well known as the inventor of 





* | shipbuilding trade, the 





NOTES FROM THE NORTH. 


Giasaow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday last the price 
ee memes moet oon OS Be 
ere being practi: no change from the p: ing day. 
There was a Seni’ mented on Friday forenoon, wie 
business was done in warrants at 54s. 6}d. cash, also at 
54s. 8d. one month, closing with sellers at both quotations, 
buyers offering a shade less. The market was easier in the 
afternoon, but no business was reported, and the nominal 
rices were—buyers 54s. 7d., sellers 54s. 7}d. one month. 
ttness was the rule in the market on Monday forenoon. 
A emall amount of business was done at 54s. 4d. and 
54s. 44d. cash, also at 54s. 6d. one month, the market 
closing with buyers at the higher quotations, sellers asking 
a shade more. The afternoon market was steady; no 
business was reported, and the nominal price for sellers was 
54s. 5d., and for buyers 54s. 44d. cash. The warrant 
market opened quiet at a slight decline yesterday, but be- 
came more firm, and closed at the previous day’s quota- 
tions. Business was done in the morning at 54s. 4d. cash 
and 54s. 44d. one month, closing sellers at the latter and 
buyers at the former quotation cash. In the afternoon 
54s. 6d. one month was paid, and the market closed with 
buyers at 54s. 44d. cash and 54s. 6d. one month, sellers 
asking 1}d. per ton higher. A fair amount of busi- 
ness was done in warrants this forenoon at 54s. 74d. cash, 
54s. 9d. one month fixed and open, and 55s. three months 
fixed ; closing nominally at 54s. 7$d. cash. No business 
was s oechel during the afternoon market. There were 
buyers at 54s. 7d. cash. and sellers at 54s. 9d. Generally 
speaking, it may be said that there is a fair amount of 
business doing, while, considering the general depression, 
it is somewhat surprising that the market has held so 
y. Certain special brands of shipping iron have been 
in good request, while others appear to be more than 
usually neglected, in some cases the prices having been 
reduced by the makers. A further quantity of pig iron 
was sent into the public warrant stores last week, the 
quantity with Messrs. Connal and Co. up till Friday night 
being 158,896 tons, thus showing an increase for the week 
of 1264 tons. Last week’s shipments from all Scotch ports 
amounted to 8753 tons as against 10,479 tons in the corre- 
gees week of last year. The number of blast furnaces 
at present in operation is still the same—87 as against 117 
for the corresponding date of last year. 


The Malleable Iron Trade.—The workmen engaged in 
the malleable iron trade throughout Lanarkshire continue 
to be i ly employed. Orders for home consumption 
are scarce, as many of the works depend on the Clyde 
i dispute in which is not yet 
finally settled. The men, though partially employed, have 
gathered confidence by the recent decision of Mr. Dale, 
the arbitrator for the North of England Arbitration Board, 
not to reduce the price paid at present for the manufacture 
of iron. The works employed in the manufacture of foreign 
materials have been for some time well occupied. At 
Shieldmuir and Milnwood Iron Works the men have been 
getting the ordinary work of ten days a fortnight, for the 
¢ six or eight weeks. The staple manufacture is sheet 
iron for foreign houses. 


Steel Plates for the New Iona.—Messrs. David Hutcheson 
and Co., shipowners, Glasgow, acting in concert with 
Messrs. James and George Thomson, shipbuilders, have 
resolved that the new Iona, which is to be built for them in 
time for next season’s traffic, shall be constructed of steel. 
The order for the necessary plates, angle irons, deck beams, 
&c., for the new vessel has been offered to an by 
the Steel Company of Scotland, whose works at Newton, 
near Glasgow, were regarded with so much interest by the 
members of the Institution of Naval Architects on the 
occasion of their recent visit. The new Iona, which is to 
be 50 ft. longer than the present vessel of that name, will 
be the first steel-built passenger steamer plying on the 
Clyde, and there is every reason to expect that she 
prove to be the pioneer of a fleet of river steamers of great 
numerical strength. 


Proposed Additional Harbour Improvements at Aber- 
deen.—At an adjourned meeting of the Aberdeen Harbour 
Commissioners, held on Monday, a committee was appointed 
to take steps for applying to Parliament for borrowing 
powers to the extent of 80,0001. or 100,0001. to carry out a 
number of harbour improvements, suggested by the resident 
engineer, Mr. Dyce Cay. The improvements include the 
construction of jetties at the entrance channel ; the con- 
straction of a quay wall at the south side of the upper 
dock ; the filling up of the old bed of the River Dee, exciu- 
sive of that es proposed as the site of an additional 
dock ; and the construction of a graving dock, &c. The 
proposed improvements may be said to have reference 
generally to the interior harbour works. 

Contract for the Arbroath and Montrose Railway.— 
The contract for the construction of the new line of railway 
between Arbroath and Montrose has just been settled, Mr. 


Waddell, of Bathgate, the well-known contractor, having 
been entrusted with the und i It is oer that 
@ commencement will speedily be e with the works. 


Proposed Anstruther and St. Andrew’s Railway.—The 
amount of capital subscribed in the East of Fife for the 
pro; railway between Austruther and St. Andrews is 
now upwards of 20,0001. 


Patent Orrice PuBLicaTions.—We a 
Patent Office now issues printed speci ions, bound in 
volumes for the use of public libraries, to which the any 

wii 


supplied sy. as well as for the benefit 
é es referred to con- 
according 





notice that the 


if such there be, who fill their bookshelves 
a CBsspehligntions. The volum 
m each one hundred specifications, arranged 
to their dates. About forty-five such volumes will be 
issued annually. 
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THE EDDYSTONE LIGHTHOUSE. 

TuE story of the building of the Eddystone Light- 
house has been made so familiar to all by the writings 
of the engineer, the historian, the biographer, and 
the poet, that the prospect of the destruction or 
removal of that pioneer among modern lighthouses 
cannot fail to rouse the interest of all who hear it, 
and will prove to many asource of regret. To the en- 
gineer, the Eddystone Lighthouse of John Smeaton, 
besides being a splendid example of engineering 
skill, has been for many years a monument com- 
memorative of the birth of civil engineering as a 
separate technical profession. To the historian it 
marks an interesting period in the history of this 
country, a period in which science began to be felt 
both as a cause and an effect of the progress of 
civilisation, and to the biographer and the poet the. 
work of Winstanley, of Rudyard, and of Smeaton 
has furnished material for well-known narratives in 
book and song. 

But, with all its associations, the Eddystone Light- 
house is doomed. Ina paper read before Section G 
at the recent meeting of the British Association, and 
which we publish in ewtenso on page 217 of the 
present number, Mr. J. N. Douglass, the engineer 
to the Trinity House, announced that ‘‘ Smeaton’s 
lighthouse is.not destined to exist much longer.” 
It is well known that for many years the Eddystone 
tower has Soring heavy storms sweeping across the 
Atlantic been subject to great tremor, and the light- 
keepers say that in heavy weather they can feel the 
whole structure oscillate at each sea that expends its 
force upon the rock upon which the lighthouse 
stands. The safety of the structure has for a lon 
time been a matter of anxiety to the authorities o 
the Trinity House, and it has in consequence twice 
been strengthened during the last forty years, The 
immediate cause for anxiety, however, is due to no 
defect in Smeaton’s work, which for close upon a 








hundred and twenty years has withstood the fury 
of the Atlantic storms: It is now almost as sound 
as when it was erected, for Smeaton’s system of 
dovetailing and pinning the courses of stone to one 
another, and the whole structure to the rock itself, 
converted the building into a solid mass of granite, 


even less liable to fracture than a monolith would | p 


be. The danger to the Eddystone Lighthouse 
arises from the undermining by the sea of the 
foundation rock upon which it stands. This rock 
is composed of hard laminated gneiss, and the in- 
cessant vibration of the tower plays a very severe 
part in its disintegration, all the more so from the 
rigidity and weight of the structure. When it is 
remembered that the tower is 89 ft. high, and that 
in heavy seas the waves strike it with such force as 
to be projected vertically upward to more than 
double that height—the light being for the time 
eclipsed—it will be evident that the strain upon the 
foundation must be enormous, -And when it is 
borne in mind that the diagonally laminated rock 
upon which the lighthouse is built has been found to 
be so undermined by the action of the sea that the 
lighthouse may be said to be standing upon a pro- 
jecting ledge which may, during any- storm, be 
carried away, it will be seen of what vital importance 
it is for immediate action to be taken to strengthen 
the foundations of the present tower, or, that being 
imaponslbie, to erect a new lighthouse upon a firmer 
and more durable foundation. 

Such a foundation has been found at a distance 
of forty yards to the south-west of the present site, 
and on this it has been determined to erect a new 
Eddystone Lighthouse of large enough dimensions 
to carry a first-order dioptric apparatus, a first-class 
fog-signal, and all the recent modern improvements 
soqaee for so important a light. e present 
lighthouse exhibits a fixed white light uniformly 
distributed in azimuth, and visible in clear weather 
at a distance of 13 miles. In consequence of the small 
diameter of the lantern its illuminating apparatus 
is of asomewhat anomalous character, as it is fitted 
with a second-order dioptric apparatus, but with 
one of Mr. Douglass’s first-order lamps giving an in- 
tensity to the beam in every direction of 7325 
normal sperm candles, The new lighthouse will 
not only carry a first-order apparatus, but the focal 
plane of its lenses and prisms will be at such an 
elevation from the level of high water, 150 ft., that in 
clear weather its light will be visible at a distance 
of 19 geographical miles. 

It is only n to glance at a chart of the 
English Channel to appreciate the enormous value 
of the Eddystone light, standing as it does as a 
leading light to Plymouth Sound, the most im- 
portant seaport of the country, and forming an 
indispensable link in the chain of lights which guide 
the mariner through what is perhaps the most im- 
portant channel in the world. Leta circle be drawn 
around each leading lighthouse round the coast with 


a radius equal to the limit of visibility of its corre- |i 


sponding light, and it will be found that from the 

ishop Rock, in the Scilly Isles, to Exmouth, a 
distance of more than 150 miles, these circles over- 
- one another, with the single mys peg of a gap 
of about six miles between the limit of the range of 
the Lizard lights and that of the Eddystone, and it 
is just this gap of six miles, off a dangerous coast, 
that the improved light in the new Eddystone will 
fill up, and at the same time give a warning earlier 
by the same amount of the position of the Eddystone 
reef. A vessel sailing, say, from America to 
London would in clear weather sight the Bishop 
light when at a distance of about 16 miles to the 
south-west of it, she would continue in sight of it and 
the revolving light of St. Agnes (seen between the 
islands) for 20 miles, when she would make the 
alternate red and white light of the Wolf, her course 
lying for 25 miles within the range of its light. 
Before losing the Wolf, however, she would sight 
the lights of the Lizard, which in a short time will 
rank among the most powerful electric lights in the 
world, and would keep them in sight for another 
35 miles of her course ; then would follow a period 
of darkness of some eight or ten miles before 
the Eddystone light would be seen. When almost 
due south of Plymouth, the magnificent revolving 
flash light on Start Point wouldcomeinto sight, being 
visible at a distance of 20 miles, and within the 
range of this light the ship might continue her course 
for 40 miles to a Parr south of.Lyme Regis, and 
after a period of darkness of about 12 miles would 
come within range of Portland. 

If the Eddystone were to be destroyed there 
would, between losing the Lizard and making 





the | for construction and main‘ 


Start, be a path of darkness of some 25 miles; 
and when, in addition to this, the position of the 
Eddystone light in reference to the entrance to 
Plymouth Sound is considered, the vast impor- 


tance to navigation of a powerful permanent 
light on the Eddystone reef may ly be ap- 


na ing article, our contemporary, Zhe Engineer, 
commenting upon Mr, Dangleath er, appans to 
ignore altogether the value of the light on the Eddy- 
stone reef as a signal or sailing light, and seems 
to look upon it in no other aspect than as an indica- 
tion of the position of the rocks upon which it stands 
and a warning to ships against running upon them, 
The writer regards it as something very similar to 
the stable lanterns fitted with red glass, which may 
occasionally be seen suspended to obstructions in 
the public thoroughfares of the metropolis when 
the road is under repairs, and he asks if instead of 
hanging up a lantern it would not be far preferable 
to remove the obstruction, or, to use his own words, 
‘are we obliged to continue a light at all upon the 
Eddystone reef? Why may we not rather get rid 
of the reef itself bodily ?” He then goes on to show 
what a simple operation it would be to change the 
whole reef into a navigable channel for the largest 
ships. In the opinion of our contemporary the. 
operations need not even be delayed for the tides, 
for the “jumping” previous to the subaqueous 
blasting could be carried on without interruption 
from “a very simple staging securely fastened to 
each peak of rock in succession”! It would be in- 
structive to know what would be the behaviour of 
one of these “very simple” erections during an 
Atlantic storm, or even while a stiffish breeze from 
the south-west was blowing, and we cannot but 
hope that the writer of the article to which we refer 
may be appointed the special correspondent to our 
contempo at the seat of the operations, Would 
he not experience, to use his own expressive words, 
‘“‘an alarming movement due to the tremendous 
stroke or send of the Atlantic wave from the west- 
ward being arrested in its progress at high velocity 
and through deep water by suddenly meeting and 
being arrested in its progress by the comparatively 
mural face of the reef” ? 

But let us look at the figures. The Eddystone 
reef and the shallowing bottom that leads up to it 
is a sort of subaqueous hill with a bare, rugged, and 
rocky top, not very unlike the tors as they are called 
on the neighbouring mainland at Dartmoor, The 
area around the reef of a depth of under nine 
fathoms covers 125,000 square yards, and the 
Admiralty soundings over this area average four 
fathoms, or eight yards, In order to convert this 
area into a navigable channel, it must be deepened 
to at least nine fathoms, necessitating the excava- 
tion or blasting away of no less than a million and 
a quarter cubic yards of hard gneiss or granite rock, 
emma my by a weight of 24 million tons. Far be 
it from us at the present advanced stage of engi- 
neering appliances to look upon such operations as 
impossible, but if after the expenditure of many years 
of labour and many thousands of pounds sterling, 
the whole of the Eddystone reef were swept away, 
a difficulty far more serious than the existence of 
the rocks would present itself, where could be found 
a substitute for the Eddystone Light? The answer 
will perhaps be made, “ Place a lightship near the 
spot ;” but it must be remembered that a lightship 
costs for maintenance—taking into account the in- 
terest on the prime cost and money spent upon re- 

irs—as much as three lighthouses ; and not taking 
into account its liability to be wrecked, it is asa 
pet far inferior to even a very small lighthouse. 
The range of visibility of the best lightships never 
exceeds ten miles, and if a first-class lightship were 
placed at or near the site of the Eddystone rocks 
the break in the continuity of the chain of Channel 
lights between the Lizard and the Eddystone would 
be increased to 15 miles, and after the enormous 
sum which would have to be spent in order to ex- 
terminate the reef, a further cost for maintenance 
would have to be incurred for a light far inferior to 
the present inadequate illumination, and atan increase 
of cost amounting to 300 per cent. Nothing short 
of two lightships could supply the place of the single 
tower, and then only at six times the cost for main- © 
tenance, 

Mr. Douglass in his paper pointed out the desira-: 
bility of having pen communication between 
rock lighthouses and the shore, but added that the - 
difficulties which present themselves appear at pre- 
sent too considerable to justify the necessary outlay 

tenance... When, however, 
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the vital importance of being able, at a moment’s 
notice, to communicate to the shore the position of 
a ship in distress, whereby life and property 
might be saved through prompt assistance, and of 
the value to the great shipping interests of the 
country of early telegraphic information of ships 
passing a given point, it certainly does appear that 
the outlay would amply be justified for laying a 
telegraph cable between every isolated lighthouse 
or floating light, in any position of importance, and 
the mainland; and in cases of serious illness or 
other casualties occurring in the lighthouse or light- 
ship itself, communication with the shore would be 
found of the highest value, and would very materially 
lessen the hardships of the light-keepers at those 
isolated stations. There would, no doubt, be some 
difficulty in maintaining a cable in such exposed 
situations as the Wolf and Eddystone, but the 
weakest point would be close to the rock itself, and 
there is no reason for doubting that with the present 
experience of submarine telegraphy that difficulty 
could be surmounted at a cost which would warrant 
the execution of the work. 

Mr. Douglass concluded his paper by expressing 
the hope that if Smeaton’s noble structure be taken 
down, as it doubtless will be when the new light- 
house is built, that the nation will consider it 
worthy of preservation and will accord to it a site 
upon English soil. 

We most cordially endorse this hope and would 
regard with the deepest regret the destruction of 
so interesting a monument, regarded as it’ is with 
veneration by all lovers of engineering science and 
by every admirer of British pluck. But how is the 
Eddystone Lighthouse to be brought ashore? Every 
stone composing it is dovetailed and bound both 
vertically and horizontally to its neighbours, and 
unless Mr, Baker and Mr, Dixon will undertake to 
bring it to land, as they are bringing Cleopatra's 
Needle, in one piece of about a thousand tons 
weight, there seems no hope for it but to hew the 
tower to pieces, in which case it is to be feared that 
it would sustain such injuries as to form a very in- 
adequate monument to perpetuate the construction 
of Smeaton’s greatest work, 

If, however, the Eddystone Lighthouse ever be 
brought to shore, many sites for its re-erection will 
be suggested, but we do not think any position 
would be so suitable as on the eastern end of Ply- 
mouth Hoe, to take the place of the very unsightly 
one-sided obelisk erected there as a landmark for 
leading ships into the Sound, There it would 
still be rendering valuable services to navigation ; 
and, as a monument, it would, on one of the most 
beautiful promenades in England, stand on the very 
spot from which John Smeaton watched with his 
telescope the waves breaking over his work when 
it was completed one hundred and eighteen years 


ago. 


THE ASSIMILATION OF PATENT LAWS. 
Tue Association for the Reform and Codification 
of the Law of Nations is doing good work, and is 
entitled to the gratitude of all interested in the 
rogress of industry. Two years ago, when Mr. 
Lloyd Wise read, at the Hague, a paper on the 
‘* Assimilation of the Laws and Practice of Various 
Nations in Relation to Protection of Inventions,” 
a Committee was formed to consider and report upon 
the subject. Accordingly a report was submitted 
to the conference of the Association held at Bremen 
last year; since then the Committee has been 
enlarged, and it now includes a number of gentle- 
men eminent in science, law, and manufactures. We 
have before us the latest report of this committee ; 
it was presented last week to the conference at 
Antwerp, over which Lord —_ (late Lord 
High Chancellor of Ireland) presided, and a very 
interesting document it is, It seems the Committee 
commenced its proceedings by asking its members 
to send in lists of those points in the law and 
practice relating to ne which they considered 
capable of being made the subject of international 
law or arrangement. Several pa rs were sent in, in 
response to this request, and of these an analysis was 
prepared by the secretary. The Committee proceeded, 
at its subsequent meetings, to consider seria/im the 
ints thus raised for discussion, with the view of ela- 
ratinga uniformstandard of Patent Law and practice 
applicable to all countries on those points as to which 
such uniformity is —— whilst putting aside 
those questions of practice and procedure which, 
from their bearing on the legal and administrative 
constitution of each country, require to be dealt 








nagar g was interrupted by the introduction of 
ills into the German Reichstag and the English 
Parliament respectively, for the amendment of the 
Patent Laws in those countries, which rendered it 
necessary for the committee to devote its attention 
to the specific provisions of those Bills. Meanwhile 
the Committee had passed two very important reso- 
lutions, which, however, it was understood should be 
subject to revision when the whole programme had 
been gone through. Theone resolution wasto the effect 
that in no case snould proof of prior user in another 


country, apa y an existing patent in such 
country, suffice to effect the refusal or invalidation 
of a patent. The other resolution had reference to 


the preliminary examination of applications for 
patents, and was to the effect that such examination 
should be limited to the three questions, whether 
the specification is clear, whether the invention 
is contrary to public morals, and whether it 
is wanting in novelty, regard being had to prior 
ee in the Patent Office of the country. 

urthermore, according to this resolution, a prior 
publication, to be fatal, should come strictiy within 
one or other of the following conditions: (1) 
It should be not more than twenty-one years old, 
and be in the form of a full description, identical 
with the applicant’s description, or (2) if the prior 
description be more than twenty-one years old, it 
should be proved that the identical invention, as 
claimed by the applicant, has been openly used 
within twenty-one years last past. Whatever be the 
result of the examination as to novelty—unless the 
application comes within the terms of (1) or (2)—the 
applicant should be allowed the patent, if he still 
desire it, provided that, in his specification, he dis- 
tinctly mentions the prior matter pointed out by the 
examining authorities, and states clearly what he 
nevertheless claims as new. Save as above, patents 
should not be refused except in cases of fraud, or 
where the invention is contrary to public morals. 
The reports and opinions of examining authorities, 
as respects applications for patents, should not be 
open to the public, except in cases where the grant 
has been opposed. On this point the present prac- 
tice of the English law officers is pointed to with 
approval, 

Although the resolutions above referred to do not 
entirely agree with the suggestions we took occasion 
to make in regard to the Attorney-General’s Bill 
of last session, we are, on the whole, not disposed 
to quarrel with them. The proposal to limit the 
examination to a period of twenty-one years is 
decidedly good; and, indeed, we do not believe 
anything approaching even a moderately reliable 
examination could be conducted in practice without 
some such limitation. Moreover, it is evident that any- 
thing that has been out of use over twenty-one years 
may be safely regarded as for all practical purposes 
non-existent, especially since, if reintroduced, it 
would almost certainly be in an improved form. 
The mere existence of a description confers no 
benefit upon manufacturing or commercial industry. 
Manufacturers do not fly to the records of invention, 
and forthwith set about giving the public the benefit 
of every improvement, On the contrary, from the 
manufacturer’s point of view, innovations are 
nuisances, often involving changes of plant and 
other inconvemiences for which only the enjoyment 
of some exclusive rights can compensate. It cannot 
benefit a manufacturer to hunt up and introduce 
an improvement, if, after he has been at the pains 
and expense of creating a special demand, his rival 
in trade is at liberty to step in and share the benefit 
without any corresponding preliminary trouble and 
risk, Therefore, we repeat, the mere existence of a 
description, however clear and elaborate, confers no 
public benefit. In short, in the absence of a special 
inducement, it is simply ‘‘ everybody's business” to 
undertake the trouble and expense of testing the 
practicability of the thing described, and of after- 
wards convincing the consumer; in other words, 
itis nobody's business, and the thing, however 
valuable it may be, stands practically no chance of 
being brought out. 

With regard to the suggestion that, to be fatal, the 
prior description should be in the form of a full de- 
scription identical with the applicant's description, it 
may be remarked that no applicant compelled to 
refer in his specification to a prior description of 
that nature would in practice proceed with his 
patent, therefore the provision, if it is to be literally 
interpreted, would seem to be superfluous. On the 
other hand, if it is not to be taken literally, we 
consider it objectionable, as it would then at once 


respect of which a patent should be granted. This 
is a point that must not be left to any examining 
authorities. An application having been made, and 
the authorities having pointed out all they can dis- 
cover as anticipatory, if the applicant still conceives 
that he has a substantial point of difference to claim 
he should have the poee, care being taken that in 
his specification he fully discloses the prior matter, 
Asuming that the difference is ni/, the specification 
itself will of necessity render the fact apparent to 
every competent reader, and no one will suffer any 
wrong ; whereas, if the authorities attempt to pre- 
judge the matter, they will inevitably often stop 
the introduction of valuable improvements, through 
inability—owing to the character of the evidence 
available, or other cause—to appreciate the differ- 
ence between a crude suggestion and a perfected 
invention. As Mr. Trueman Wood well observed in 
his able paper read at the Society of Arts Confer- 
ence in rch last: ‘‘Over and over again the 
difference between success and failure is too slight 
to be perceived, except by an expert—not always 
by him, How is the examiner to obtain the neces- 
sary minute knowledge of so many branches of 
science and manufacture ?” Some legal gentlemen 
profess to believe that if the examining authorities 
had power to refuse any application they considered 
oe in novelty, then those patents actually 
granted would be sound and more valuable; 
because, so to speak, they would have “gone 
through“the fire.” This idea is erroneous; no 
system of examination can insure the issue of a 
patent without flaws, especially so long as prior 
user is a cause of invalidity. Much may have 
been already done, in the way of prior user in 
a public manner, and yet not. be within the 
knowledge of the examining authorities, Again 
novelty is essentially a matter of degree. In very 
many cases the point is open to differences of 
opinion. In proof of this, look at the proceedings 
in disputed cases—that is—on patent trials. Ought 
we then to have a regular lawsuit before a patent is 
granted? If so, who is to pay for it? In the 
majority of cases, the inventor finds the present 
costs of obtaining a patent, in most countries, quite 
as much as he can bear. Surely it cannot be to the 
interest of any country that patents should be re- 
served for the wealthy. The United States system 
may be pointed to, That system is very well in its 
way, but even under it, patents are refused that 
ought to be granted, whilst on the other hand, 
hundreds of patents are granted that could not be 
supported in a court of law, though they go forth 
with a quasi stamp of validity, Those who are most 
in favour of such measures as those lately proposed 
in the English Parliament, are the first to point to 
the United States system as a failure. But if we 
are to reject that system, in favour of a more 
rigorous one, we should drift into a practice re- 
sembling that which Prussia carried on for years, 
and has at length been compelled to abandon, It 
may, perhaps, be interesting to our readers to 
know that the late Mr. Webster, Q.C., F.R.S., one 
of the foremost authorities of recent times on Patent 
Law, was of opinion that any preliminary exami- 
nation should be merely adjuvant. This view, as 
our readers are aware, received very strong con- 
firmation from many quarters whilst the English 


Bill of last session was before Parliament, In re- 
ference to this Bill, we find the following significant 
passage in the report now before us: ‘* Whether, 


on the whole, it would have been an improvement on 
the law at present in force in Great Britain is, to say 
the least, very doubtful ; on the one hand, it proposed 
to confer on inventors the boon of a term of twenty- 
one years in substitution for the present term of four- 
teen; on the other hand, its system of preliminary 
examinations was so adapted to encourage crotchety 
objections and factious opposition at every stage of 
proceeding, that at least it promised to launch the 
unhappy applicant, even in case of success, in an 
ocean of costly litigation before he obtained his 
tent; and the total amount of fees was also to 
increased instead of being diminished.” 

It seems the Committee fully considered both the 
German and English Bills. As to the former, a 
report was prepared, and having been approved by 
the Council of the Association, was forwarded to 
Count Miinster, the German Ambassador in London, 
for transmission to the proper authorities in Ger- 
many. Two or three of the suggestions made by the 
Committee appear to have been adopted, but the Bill 
finally gaanel with comparatively few modifications. 
A memorial on the subjectof the Bill, wasalso 








with differently by different states. This plan of 
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Attorney-General, embodying their principal objec- 
tions tothe proposals contained in the Bill, and the mo- 
difications suggested by them. The memorial, et 
been approved by the Council, was duly forward 
to Sir John Holker, with the request that he would 
receive a deputation in support of it. This he pro- 
mised to do as soon as the Bill should have ed 
its second reading, but as it never reached that 
stage, the interview of course did not take place. 
Meanwhile the Committee had communicated with 
several members of Parliament, in order to obtain 
support for the amendments proposed by them ; 
and they were fortunate enough to find in Sir 
Henry M. Jackson, Q.C., one of the Council of the 
Association, and a distinguished legal member of 
the House of Commons, an able supporter, who 
undertook to take charge of the amendments pro- 
posed, except a few amendments on one of the 
clauses, which it was agreed should be taken up 
by Mr. A. H. Brown, M.P., the chairman of the 
Committee. We thus see that the Committee is 
really a working one, having considerable influence, 
and that it deserves the cordial support of in- 
ventors and others. The report states the opinion 
of the Committee that the recently passed German 
law is a great improvement upon the many conflict- 
ing, and often very imperfect. systems of patent 
law and practice, previously in force in the various 
German States. The Committee approve the prin- 
ciple of annual progressive fees, the evident inten- 
tion to place foreigners and German subjects on 
precisely the same footing as to the grant of patent 
rights, and the very practical manner in which the 
Act deals with the question of infringement. On 
the other hand it-appears to them open to many 
grave objections, to most of which attention was 
called in thereport. The most remarkable feature 
of the Act, and that which is perhaps the most ob- 
jectionable, is the publicity given to applications 
for patents, with the view, apparently, of inviting 
public criticism, before the patent is granted. This 
seems to afford a wide opening for opposition, on the 
part of powerful manufacturers or trade interests, to 
the introduction of new inventions, which they 
might deem likely to injure their immediate in- 
terests, though such inventions might be most be. 
neficial to the public at large. The Committee felt 
bound also to protest against the clause of the Bill 
providing that articles of food and medicines should 
not be subjects of patents, as being a positive discou- 
ragement to the exercise of inventive skill in these 
very important branches of economic science. They 
do not consider the term of fifteen years established 
by the German Bill satisfactory, seeing that in 
Belgium, patents are already granted for twenty 
years, in the United States for seventeen years, 
and in England there is a power in the Privy 
Council of extension to twenty-eight years. Ex- 
perience shows that many of the most important 
inventions have required as much as. ten or 
twelve years of outlay and loss, before becoming 
remunerative to the inventors. Whilst, as has been 
already intimated, the Committee approve of the 
mode in which the fees are to be levied, the total 
amount is considered excessive, seeing that the fees 
to be paid in respect of a fifteen years’ patent amount 
to 5300 marks, whilst in England, where the fees 
have long been complained of as absurdly high, a 
fourteen years’ patent only costs 175/. (3500 marks), 
in France a fifteen years’ patent costs 1500 francs 
(607. or 1200 marks), and in Belgium, where the 
cumulative system of payments is also in force, a 
fifteen years’ patent would only cost 1200 francs 
(48/., or 960 marks), and a twenty years’ patent 
100 francs (82/., or 1640 marks). In the United 
States, a seventeen years’ patent costs in Govern- 
ment fees only 35 dols. (7/., or 140 marks). The 
above are stated to be the principal objections to 
which the Act seems open; several minor objec- 
tions were also pentane in the Committee’s special 
report on the original Bill, but few of which have 
been met, The clauses providing for revocation 
of a patent for non-user, and for refusal to nt 
licenses, have, however, been considerably modified 
in the direction recommended by the Committee, 
though a somewhat dangérous power is reserved 
to the Commissioners of revoking a patent which 
the patentee has failed to carry out to a satis. 
factory extent. With regard to the English 


Bill, the Committee say it is only just to remark 
that it was in many respects a great improvement 
on the Bills introduced by the Lord Chancellor into 
the House of Lords in 1875 and 1876, but they 
strongly objected to the manner in which the preli- 
minary examination was proposed to be cansied, 


out, 





power being given to the examiners on the pro- 
visional specification, not only to report against an 
application on the ground of want of novelty, but 
also to state their opinion whether the subject- 
matter of the invention were within the scope of 
the Patent Laws. It was proposed that these reports, 
together with the specifications, should be made 
public on the filing of the complete specification, 
and before the grant of the patent, thus giving 
facilities for factious opposition, on which the un- 
fortunate applicant might have been compelled to 
litigate his claim both before the law officers of the 


Crown, and on appeal before the Lord Chancellor, | 


involving an expenditure of some hundreds of 
pounds before he even obtained the grant of his 
patent. Against these oppressive proposals the 
Committee strenuously protested, and they urged 
the substitution of amendments carrying out the 
resolution on the subject which they had already 
passed, as mentioned above. With regard to re- 
vocation of a patent for non-user and failure 
to grant licenses, the provisions of the Bill were 
very similar to those in the original German Bill. 
The committee totally objected to forfeiture for 
non-user, and, whilst admitting that licenses may 
in some cases reasonably be required, proposed 
amendments guarding this requirement from abuse. 
Passing over several minor points on which the 
Committee suggested amendment, the clauses deal- 
ing with foreign and colonial inventions were felt 
to be most objectionable, inasmuch as they would 
have placed great obstacles in the way of foreign 
and colonial inventors, and perpetuated the trouble- 
some and evil system of making a patent expire in 
one country whenever, from any cause, even through 
fraud, one of the foreign patents for the same in- 
vention expires. Says the report: ‘* It needs to be 
constantly borne in mind that patents are not meant 
to be merely a boon conferred on a meritorious in- 
ventor, as a schoolboy is rewarded ‘by a prize for 
diligence or good conduct; but that they are de- 
signed to enable him securely to invest capital in 
bringing out or introducing inventions which may 
add to the resources and to the commerce of the 
State. It is evident, therefore, that to place ob- 
stacles in the way of any class of inventors, whether 
foreign, colonial, or native, is a suicidal policy, and 
that a country which withholds from any inventor 
whatever the temporary monopoly which is the 
reward of his skill, is atthe same time depriving 
itself of considerable commercial advantages.” 

The Committee hope next year to bring forward 
a series of well-considered resolutions for the con- 
sideration of the Association, Except as impending 
legislation may render it necessary, they do not 
think that any definite action can well be taken 
by them until some such basis has been established 
to work upon. 


Their report was followed by that of a very in- | pape 


fluential branch committee located in Paris, which 
brought forward a number of interesting resolutions 
for which we cannot now find space. Suffice it to 
say that on the motion of Mr. Hinde Palmer, Q.C., 
it was resolved that the two reports of the English 
and French committees, with the other papers on 
the subject of patents for inventions, be received, 
and be raleston to the same committees to form a 
projet de loi, having regard to the recommendation 
of both committees, ° 

We are glad to find Mr. Hinde Palmer thus aid- 
ing the exertions of his colleagues on the Committee. 
It must be the more gratifying to them, seeing that, 
although their Ss are in accord with the 
public opinion of the day, they do not wholly agree 
with the recommendations of the Select Committee 
of 1872, of which Mr, Hinde Palmer was such an 
indefatigable member. But, as Mr. Mundella pointed 
out at the Society of Arts conference, opinion has 
changed a good deal about*patents within the last 
few years. This being so, it naturally follows that 
some of the recommendations of 1872 should be 
superseded, Notwithstanding the good features in 
the Select Committee’s Report, it is certain their 
recommendations were not by any means free from 
objection. 


EDISON’S TELEPHONE. 

Tue electric telephone of Mr. Thomas Alva Edison, 
of Newark, New Jersey, well known as one of the 
inventors of the quadruplex telegraph, is the latest 
form of these ingenious instruments, Likeall other 
forms of telephone, with the exception of the articu- 
lating telephone of Professor Graham Bell, Edison's 











is based on the principle of causing the vibratory 
motions of the body emitting the note to be trans- 


mitted to interrupt the line circuit once for every 
vibration, and thereby to render a current flowi 
through the circuit, intermittent. The number o 
intermissions per second of the current correspond 
to the number of vibrations per second of the 
sounding body ; and it is possible by various means 
to make the pulses of the intermittent current set a 
sounding body at the receiving end of the telegraph 
line into a state of vibration similar to the sounding 
body at the sending end of the line. Thus a note 
is evoked by the current at one end of the wire, similar 
to that set up by mechanical means at the other. 
In the telephones of Varley, Gray, and Lacour, the 
vibrators caused to interrupt the current at the trans- 
mitting end of the wire, are, as we have already des- 
cribed (see ENGINEERING, vol, xxiii, pp. 299 and 355), 
either steel bars in a state of tension or tuning-forks. 
The transmittor of Edison’s telephone more nearly 
resembles that. of Reis’s, the earliest of all tele- 
phones. It consists of a rather long tube about 
two inches in diameter inside, and having one end 
open, while the other is closed by a diaphragm of 
very thin sheet brass, which can be stretched tight 
by aring after the manner of a drum head. On 
the outside, a thin disc of platinum is cemented to 
the centre of this thin brass diaphragm, And 
opposite the platinum disc, there is a pointed screw 
contact. piece of platinum supported by a pillar. 
When it is desired to transmit a musical note or 
‘even a variety of notes, the instrument is to be 
played, or the vibrator sounded, near to the open 
end of the tube, which concentrates the air vibra- 
tions on the diaphragm. The diaphragm vibrates 
to and fro in front of the screw point behind, and 
makes and breaks contact with it at each vibration, 
thus interrupting the line current. 

The receiver for interpreting the interrupted 
currents is different from all others hitherto invented, 
and is extremely ingenious. It is based on the 
original discovery made by Mr. Edison, that paper 
moistened with certain chemicals, such as sulphate 
of soda, loses its ordinary paves of causing friction 
when under the action of electricity, a discovery 
which has been also applied as a means of quick 
marking in ordinary telegraphy. When this chemi- 
cally moistened paper is drawn over a metal tablet, 
and a smooth platinum point or style is pressed upon 
its upper surface, if the positive pole of a battery is 
connected to the tablet, and the negative pole to the 
style, so that the current passes from the style through 
the paper to the tablet, then the platinum style will 
slip over the surface of the paper like a skate upon 
ice. The ordinary friction between them will appear 
to cease as long as the current flows; but reappears 
when the current stops. The receiver consists, 
firstly, of a metal drum or wheel which can be 
rotated by a handle. Its surface is roughened and 
bounded ‘by flanges at both sides. The prepared 
r passes ever the surface of this drum. The 
second part of the receiver consists of a resonance 
box, and the platinum style connects it with the 
drum. The point of the style is pressed with con- 
siderable force upon the paper by means of a metal 
spring, which is secured to the centre of one side 
of the resonance box, which is free to vibrate, ‘he 
line is connected up to the receiveg so that the 
circuit is completed to earth by the spring, style, 
paper, and drum. When it is desired to receive by 
this apparatus, the operator turns the handle of the 
drum, and the paper passes the point of the style 
The normal friction between style and paper is 
sufficient to pull the spring forward, and hence the 
side of the resonance box is also drawn out. But 
when the current passes this friction diminishes to 
something very small, the spring retracts itself, and 
the side of the box recovers its old position, Every 
time the current stops and flows again this action is 
repeated, and it is easy to see how the rapid inter- 
missions of the current set the resonance box into 
audible vibration. 

The advantage of this telephone over its prede- 
cessors is said to lie in its greater sensibility to feeble 
currents, Currents, too weak to produce any effect 
on the electro-magnetic regeivers of Gray and 
Lacour, yield tones of considerable power by this 
contrivance. Another minor merit it possesses, is 
the ability to reproduce notes of higher pitch than 
other receivers, The highest notes of the human 
voice are said to be nearly inaudible on electro- 
magnetic receivers, owing to the slowness of the 
physical process of magnetisation and demag- 
netisation delaying and confounding the delicate 
signals; whereas, with Edison’s receiver, they are 








given out with great power. 
Following in the footsteps of Professor Bell, Mr, 
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Edison has also invented an articulating telephone, 
but also on an entirely novel plan, It is based on 
another original discovery of the inventor, namely, 
that plumbago decreases enormously in electric 
resistance under pressure, and in a proportionate 
rate, a fact that may be made useful in a variety of 
ways in telegraphy. The application of this fact to 
the transmittor of the telephone we have described, 
transforms the latter into a speaking telephone. A 
plumbago point is substituted for the platinum 
point. A low sound causes the diphragm to vibrate 
weakly, and the contact of the diphragm with the 
plumbago point is very slight, the resistance of the 
plumbago but little reduced, and the current com- 
paratively feeble. A loud sound causes the dia- 
phragm to vibrate strongly, and the contact it 
makes with the plumbago point is very forcible, 
the resistance of the plumbago is greatly reduced, 
and the current is in a corresponding degree in- 
creased. Thus the gradations of speech are said 
to be capable of being transmitted by the varying 
currents, These currents of varying strength have 
correspondingly weak or strong effects on the re- 
ceiver, The decrease of friction appears to be pro- 
portional to the strength of the current, and con- 
sequently the sounds given out by the resonance 
box will follow the variations of the current in 
regard to intensity. For the purpose of taking up 
the vibrations of different pitch, and giving out the 
corresponding note, the resonance box is fitted with 
a number of tuned chords, each of which resounds 
to the particular series of vibrations it is turned to. 
Thus, both the intensity and pitch of the voice may 
be reproduced by the receiver. . 
Such is the account we have of this instrument 
from America, It is said to be experimentally suc- 
cessful, but it is as yet of too recent origin to have 
attained any notable practical success, 


THE LATE EDWARD WILSON, C.E. 
We regret having to record the death of one of the 
most unobtrusive but painstaking and hardworking of our 
railway engineers, Mr. Edward Wilson, of Dean’s Yard, 
Westminster. The sad event took place on the 26th of 
August last, after an illness of four weeks caused by a 
carbuncleon the head. Mr. Wilson was born at Glen- 
cross, near Edinburgh, in the year 1820. His father was 
acivil engineer, and in his office the son obtained a rudi- 
mentary knowledge of his profession. In course of time 
he was articled to Messrs. Stark and Fulton, mechanical 
engineers, of Glasgow, with whom he obtained a practical 
knowledge of machinery. After the expiration of his 
term of pupilage with Messrs. Stark and Fulton, Mr. 
Wilson was engaged upon the Caledonian Canal under 
Messrs. Jackson and Bean. He was afterwards engaged 
upon the Glasgow and Ayr Railway, the Hull and 
Selby Railway, and on the London and Brighton Railway. 
In the year 1847 he was appointed engineer to the York 
and North Midland Railway, which now forms’a portion 
of the North-Eastern system. In 1853 Mr. Wilson re- 
signed his appointment under that company, and accepted 
one on the Midland and Great Western Railway of Ireland, 
where he remained until 1856, when he was appointed 
engineer to the Oxford, Worcester, and Wolverhampton 
Railway. In 1860 he was appointed engineer to the West 
Midland Railway Company, which was formed by the 
amalgamation of the Oxford, Worcester, and Wolver- 
hampton with two other companies. He continued to 
hold this position until 1863, when the West Midland 
became amalgamated with the Great Western Railway. 
Mr. Wilson then came to London and commenced practice 
asa consulting engineer, in which practice he enjoyed con- 
siderable reputation, and was largely engaged before 
parliamentary committees. He was elected a member 
of the Institution of Civil Engineers on the 5th of 
December, 1865. In 1867 he was appointed to assist the 
Royal Commissioners on Railways in Ireland. Mr. Wilson 
was consulting and constructing engineer to the Great 
Eastern Railway, the great Western Railway, the Metro- 
politan Railway, and several other lines. Among the 
more important of his works may be mentioned the Metro- 
slitan and Suburban Extension of the Great Eastern 
ilway and the fine terminal station af that line in 
Liverpool-street. He was extensively engaged in 
practice when death somewhat prematurély closed an 
honourable and useful career, 











BO'NESS HARBOUR WORKS. 

Tue first contract in connexion with the important 
harbour works now in progress at Bo'ness has now been 
practically brought toa termination, and it has been 
executed in such a highly satisfactory manner by the 
contractor, Mr. Lane, as to have met with the hearty 
= both of the engineers, Messrs. Thomas Meik 
and Son, Edinburgh and Newcastle, and the Bo'ness 
Harbour Trustees. In length, the new pier, the work 
which has just been finished, is about 360 ft. on the 
centre line, with a width of 72 ft., and having a depth‘of 


, 


the supposition that so-called a 


the bodies attracted or repell 
one of your correspondents, and remained unanswered 
By nee up the consequences of the above supposition, 
we are 
(ether for instance) when they come into collision rebound, 
and energy is momentarily annihilated and reproduced 
without any cause whatever being assigned for it; it is 
assumed that the law of the conservation of energy holds 
good, subject to conditions under which it is impossible that 
it should do so. 


tial energy’. . . . then it follows that motion is inde- 
structible.”’ 
existence of potential energy or action at a distance that 
we are enabled to account for the conservation of energy. 


action of forces (deduced originally from the phenomena of 

gravity) assumed to be due to action at a distance, the law 

= = conservation of energy has been mathematically 
erived. 


and 


=v. dt “ST ee 2. 
by combining these equations we obtain the formula sid 
L s m.p.ds=m.v.dv os 
integrating this expression we have : 

3 
p.ds=| mo (4.) 


the expression on the left-hand of equation (4) is what is 
called the work performed b 
moment by p.m in passing 


is the energy or vis viva imparted to the particle of th 
mass m by the force p . m acting through the ; 


becomes 


been so constructed, however, that the harbour can be 
deepened, when the east pier is finished, to a depth of 
24 ft. at spring tides. On one side of the new pier there 
is to be erected a powerful steam crane, capable of lifting 
25 tons, and to be used for the purpose of shipping coal 
and other heavy goods. It is being constructed by Messrs. 
Cowans, Sheldon, and Co., engineers, Carlisle. The total 
cost of the pier referred to, which is only the first length 
of the new west pier, has been about 11,000/., exclusive 
of the crane and its foundations, which will probably cost 
about 3200/. additional. 

Having obtained a further loan of 10,000/. from the 
Public Works Loan Commissioners, the Harbour Trustees 
have recently decided to commence the construction of 
the east pier, and with this object in view they have 
accepted the tender of Mr. J. W. Morrison to construct a 
length of about 400 ft. of pier for the sum of 15,6002 ; 
and this work is now being proceeded with. In conse- 
quence of part of the work on the east side being de- 
signed by the engineers so that it may be used in faci- 
litating the construction of a wet dock, the contract now 
in progress is rather heavier in character than the west 
pier, and therefore the cost is somewhat greater. 

The trade at Bo'ness is increasing so rapidly that the 
Harbour Trusteeg.have for some time experienced great 
difficulty in providing accommodation for the shipping fre- 
quenting the port, and even the new pier is already fully 
occupied. There is very little doubt that the question of 
constructing the wet dock for which the trustees have 
obtained parliamentary powers will soon come forward as 
& pressing necessity ; but as the works now in course of 
construction are designed to suit the formation of the 
dock, the course which the trustees are taking must be re- 
garded as the most judicious for the interests of the port. 
It is satisfactory to know that the portion of the work 
which has just been completed has not exzeeded in cost 
the original estimate of the engineers. 








POTENTIAL ENERGY. 
To THE EDITOR OF ENGINEERING. 
Srr,—There appeared in your impression for Jaly 20, 
1877, an article Mr. 8S. Tolver Preston, on ‘‘ Potential 
al with reference to which I propose saying a few 
woras. 
The questions at issue have been already discussed at 
great length in your valuable journal in connexion with 
the articles which appeared there some time past on the 
** Origin of Motion ;’’ but as the opponents of the theory 
of “‘ action at a distance’ do not seem fully to apprehend 
the weight of the —— advanced against their hypo- 
thesis, I feel justified in resuming the discussion. 
Admitting—if only for the sake of argument—that the 
theory of “action ata distance” is unsatisfactory, it ap- 
ars to me that the alternative theory is not only unsatis- 
atone, but logically untenable. 
The stro: t and (I think) conclusive argument against 
ttraction and repulsion are 
produced by the blows of surrounding ether atoms on 
ed, was stated by more than 


to the conclusion that two atoms of matter 


Mr. Preston says: ‘“‘If we reject the theory of ‘ poten- 
Now, on the contrary, it is only by the 


From the laws which have been found to govern the 


Let p be the acceleration produced 
moment by a certain force. 


m the mass = weight of a particle of matter. 


g 
v the velocity of that | etre at any moment. 
s the distance passed through, a + 


per second at any 


t the time expressed in seconds occupied by the par- 
ticle in passing through s. 
We have the well-known relations : 
p.m Mm s & 


dt 


M the force represented at any 

q ; t . @ given space s defined 

»y the limits of the integration, while that on the left-hand 
; ree distance s. 

If we assign limits 9 and_s,, Vo and v, equation (4) 

m f° ».d sm Yt =m" 

2 2 





water alongside of about 18 ft. at spring tides. It has 





o 
Vo being the velocity possessed by the particle at the mo- 


at a distance’’ may help to 
difficult to see how witho 
thing as pressure can exist. 


increase the throw of the back 
off, but this I had much trouble with. 
applied to control the movement, and this is effectual so 


ment from which the action of the accelerating force is 
considered, when it has passed through the space s,, and 
v, its velocity after it has passed through the distance 815 
the force under consideration accelerating or retarding the 
velocity through the distance s, — sp. 
The energy im: by the force p.m to the mass m 
may be employed in overcoming another force which in its 
turn will restore the vis viva thus apparently lost, and an 
interchange of work and energy must thus go on, ad 

infinitum. ’ 
For a constant force (for instance, approximately for 
short distances, gravity) equation (4) becomes 
™ .p+(8;—S8)) = m tm os.. 


- &) 
2 
p being now the constant acceleration per second. If no 
accelerating force act on the particle of matter, the left side 
of the equation becomes 0, and it follows that 
v;* Uo* 
rr 
that is, if no accelerating or retarding force act on the 
particle the vis viva remains unchanged. 
Vis viva or energy is a name given to the quantity re. 


presented by the expression m 5 which results from a 


> 


combination of the relations otherwise known to exist 
between force, space, and time; any other combination 
of these relations might with equal propriety be used to 
express the laws Leotead. 
The law of the conservation of energy, apart from the 
theory of forces acting at a distance, is not a matter of 
course, and if substantiated directly by experience alone, 
would still demand explanation. If we suppose a repulsive 
force to act between two atoms which is proportional in- 
versely to some power of the distance between them, it is 
clear that no absolute collision takes place, as in that case 
the force acting between the particles would be infinitely 
great ; the distance to within which they approach depends 
on the energy contained in them, which (according to the 
usual theory) is absorbed in overcoming the repulsive force, 
that is in doing work, and is again given .out when the 
atoms have momentarily come to rest. 
If no action at a distance exists, then there is nothin 
whatever to account for the rebound of two (or more 
atoms, that is for the phenomenon of elasticity. Ultimate 
atoms must be inelastic being incompressible. 
However unsatisfactory the theory of action at a distance 
may be, it at least accounts for phenomena which accord- 
ing = ag suggested alternative theory are utterly inex- 
plicable. 
Some advocates of “action at a distanee’’ have even 
ar so far as to regard atoms of matter simply as centres 
of force. 

is theory would explain all the phenomena connected 
with matter which can be explained on any other hypo- 
thesis in a perfectly rational manner. 
_ We are in any case obliged to accept something as 
simply the result of experience and not further explicable. 
Mr. S. Tolver Preston considers it unreasonable to accept 
the capacity for acting at a distance as an attribute of 
matter without being able to assign a cause for it, but can 
he, by his theory, account for the impenetrability of matter, 


its existence apart from force, or its motion? 





It is more r ble to that two atoms utterly 


rigid and impenetrable can rebound from each other owing 
to some mysterious quality called elasticity, or to suppose 
that matter possesses the 
which not only accounts 
natural consequence to the law of the conservation of 
energy. 


ge of action at a distance, 
or elasticity but leads as a 


The principal objection to the hypothesis of ‘‘ action at a 


distance”’ is that we are obliged to suppose that at certain 
distances particles of matter repel each other while at others 
they attract, but it is possible that subsequently, as science 
advances, all phenomena of apparent repulsion may 
shown to be due to a combination of attractive forces only, 
or vice versd. 


Mr. Preston’s theory of “‘ ether pressure” is open to an 


objection which is equivalent to this, 7.¢., it cannot for in- 
stance explain why a steel bar offers resistance both to 
tension and compression, what causes the internal ether 
pressure at one moment to be less than the external, and 
at another greater. 


Perhaps “‘ether pressure” in conjunction with ‘‘ action 
solve certain problems, but it is 
ut “action at a distance” such a 


G. R. BopMER. 





AUTOMATIC EXPANSION GEAR. 
To THE EprTor oF ENGINEERING. 
Srr,—I was much pleased to see in your last impression a 


letter from Mr. C. G. Major, on the subject of automatic 

expansion gear. He dwells particularly on 

two valves, the back valve being regulated 

been at work on that description of motion for the last four 

or five years, during which time I have made from 42 to 

S om varying from 10 to 40 horse power, fitted with 
e motion. 


composed of 
link. I have 


tye 


Mr. C. G. Major touches the difficulty in this motion, 


namely, the want of steadiness in the governor when the 
angles are great. 
moving through about 45 deg. (that is 22} deg. from the per- 
pendicular on either side). The back valve was balan 

although not in a very perfect manner. These 
been for four years—and are now—running in a satisfactory 
manner without any repairs or alteration, the only thing 
poe: nga being a slight dipping of the governor at each 
8 


The first engines we made had a link 


engines have 


2. 

Then I tried a link moving thro 60 deg. in order to 

. ‘back nen pies’ hove 
A hpot was 
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long as the oil cylinder is kept quite full, but the oil wastes 
through the gland and an air space is formed which allows 
the block oa governor to jerk. This dashpot requires to 
have a little oil ne in — day to replenish the waste. 
The result was that the dashpots were dispensed with and 
a link used moving through 36 deg., and with this move- 
ment of link under conditions to be mentioned after I found 
that the link worked steadily in re; running. The 
conditions are first that the valve s be properly ba- 
lanced. In the engines we are now making the cut-off valve 
is carried in the main valve and perfectly balanced. In the 
question of balancing, the spindle should also be con- 
sidered, as the pressure of the steam on area of the spindle 
if not carried through the back of the chest (especially 
with the high pressure generally used with these engines) 
exerts a great disturbing influence on the link. The re- 
maining condition is that the governor shall be one of a type 
similar to the Porter, in which there is the inertia of 
a heavy mass of metal for the link block to overcome in 
jerking. These are the conditions which I have found to 

e essential. But although I have fairly succeeded with 
this type of gear and it is comparatively simple, I do not 
think it will be the expansion gear of the future, because 
there are other motions much simpler. I now refer to those 
motions in which a governor revolving with the shaft is 
used consisting of revolving ee with their centrifugal 
force counteracted by springs. The simplicity and readi- 
ness of connexion to the valve motion will I think com- 
mend this type to notice. 

For those who go in for simplicity to the exclusion of all 
else, this type of governor connected to asingle ordinary 
valve is simpler than even the ordinary governor (either 
flyball or Porter) connected to an equilibrium valve. Of 
course it will be understood that in coupling to a single 
valve the eccentric or its equivalent will be moved by the 
governor along the line of lap, as in Dodd’s wedge motion. 

For those who like to have a good distribution of steam, 
this governor connected to the back valve of a pair, and 
acting by altering the lead of the baek eccentric, will be 
found to be very much simpler and quite as effective in 
practice as almost anyother type of cut-off gear in practice. 

Having now said enough to draw others into the discus- 
sion, who, I hope, will come forward with their experienge 
and opinions, I must conclude with the hope that I have 
not trespassed too far on your valuable space. 

Salford, September 6, 1877. J. McGrorae. 
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TRANSVERSE STRENGTH OF BEAMS, 
To THE EDITOR OF ENGINEERING. 

Srr,—Five years ago I published a work entitled ‘‘ New 
Formulas for the Loads and Deflections of Solid Beams,’’ 
in which I introduced a new and exact investigation of the 
formulas, in which I pointed out the errors involved 
in formule calculated on the assumption that the modulus 
of elasticity in compression is neesssarily equal to that in 
extension. I feel sure you will give me space in your 
columns to give a brief summary of the leading features of 
that investigation. 

In that work I have shown that in the case of a solid beam 
of rectangular section the stress of compression and ex- 
tension actually exerted vary as the square root of the 
moduli of elasticity in compression and extension of the 
material corresponding to those particular values of the 
stresses, and that the neutral axis does not necessarily pass 
through the centre of gravity of the section. 

Ifcc' be the distance of the neutral axis from the top 
and bottom of the beam ff", the stresses actually exerted 
in extension and compression, and E E' the corresponding 
moduli in extension and compression, then will be 

caf .- 
e” f E 
and the exact formula for a central load W will be 
4fbd? 4fb d? 


W= rea? _ as 
F 3(1+7) (1458 
wa_4f'bd 4f'b de 


3 (1+) 3 (:+%8) 
tf VE 
b and d being the breadth and depth of the beam. Unless, 
therefore, E E! have constant values for all values of the 
stresses the central load cannot be determined. 

Take the case of cast iron. The results of the experi- 
ments performed by Eaton Hodgkinson show that the 
moduli of elasticity in compression and extension are nearly 
equal for stresses in extension up to 10,000Ib. per square 
inch and for stresses in compression up to 24,000 lb. per 
square inch. Hence for proof and working loads the 
formula would be 

wa2t : de 


in which f is the proof or working tensile stress. The full 
working or proof stress in compression can never be exerted 
in the case of solid rectangular beams without causing the 
fibres in extension to be subjected to a stress greater than 
the working or proof tensile stress. 

The same experiments show that the value of the modulus 
of elasticity in extension diminishes much more rapidly 
than the value of the modulus of elasticity in compression, 
when the stresses to which the material is subject exceed 
the proof stress, but they do not give the values of. these 
moduli for stresses greater than 15,000Ib. to the square 
inch in extension and 33,0001b. in compression. We can- 
not, therefore, ascertain directly from the formula what 


the value of the ratio will be on the eve of fracture. If 
the ultimate compressive and i 





or, 








moduli of extension and compression at the same instant 
must vary as the squares of the ultimate tensile and com- 
pressive strength of the material. 

In my book I have given a table in which are com 
the breaking weights ascertained by experiment in thirteen 
cases, with the breaking weights calculated from the 
formula on the supposition that on the eve of fracture the 
full compressive and tensile s' are actually exerted. 
In seven out of the thirteen cases the calculated values 
agree with the experimental values, and in no case does 

tual breaking — exceed the calculated breaking 
weight by more than 20 per cent. 


The value of the ratio L. for the different specimens of 
cast iron varied from .15 to .21, the mean value being .18- 
Adopting this mean value, that of the ratio WE 


Jan have 


been about .13, or the value.of the modulus of elasticity in 
extension less than one-thirtieth.of that in compression at 
the instant of fracture. The formula for ascertaining the 
breaking load would be fea 
4 2 
w= ° 
8.54 


It is clear then that the constants obtained from experi- 
mental breaking weights would not give reliable formule 
for calculating safe working loads. It is true that beams 
designed in accordance with such formulz sustain th 
working loads put upon them, but the working tensile 
stress called into action is much greater than that intended 


by the designer. 

In designing flanged beams the same argument holds. 
The ratio of the area of the top flange to that of the bottom 
flange ought not to be inv: 4 as ultimate compressive to 
the ultimate tensile strength, but inversely as com- 
pressive to the proof tensile strength. He ‘kinson’s ex- 
riments show that the elasticity of cast begins to 

impaired when it is subject to a ter stress than 
8000 lb. per square inch, or a greater stress than 
24,000 Ib. per ee inch. The area of the bottom flange 
ought not therefore to be more than three times the area 
of the top flange. 


September 3, 1877. 





Yours respectfully, 
Wm. Donapson. 





FORCES ACTING BETWEEN VALVE 
SURFACES, 


To THE EpIToR OF ENGINEERING. 
Str,—Will you allow me to trespass once more on your 
space on the subject of the slide valve? The point on 
which Mr. Major seems to differ from me, is the distance 
of the resultant force holding the valve to its seat from the 
centre of the surfaces in contact ; for he is right in suppos- 
ing that I do not consider that distance to be great in most 
cases which occur in practice.. In my previous letter I 
referred to the balanced valve, but did not specify the size 
of displacement ring, as the method is the same in all cases. 
I am well aware that the position of the resultant depends 
on the size of the ring, and also on the exhaust pressure ; 
but I was not, as Mr. Major seems to think, attempting to 
settle the question, but merely pointing out how Mr. 
Adams should find the effect of the live steam on the valve. 
As a particular case I will consider the valve whose 
dimensions Mr. Adams gave recently; but he mus 
excuse my ‘‘ taking out’’ his “‘ nice littlesum.”’ The dis- 
placement ring, ey | an area of 96 square inches, the 
area on the back of the valve on which the live steam 
presses is 82.5 square inches; also since the area of dis- 
placement ring is 6in. greater than that of the exhaust 
cavity, there will be an additional force pressing the valve 
to its seat, caused by the pressure of the ghee steam on 
6 square inches. 

the whole force pressing the valve to its seat is thus 
82.5 x 150 +6 x 20=12,495 Ib. 
and the force acting in the opposite direction is 
15x 150=2250 Ib. 
the distance between the centres of these forces being 44 in. 
Let w=the distance of their resultant to the left of the 
ntre line, in inches, then—®_. = 2259 by the prin- 
a aa: 
of parallel forces, whence ¢=1.07 in. 

t the centre of gravity of the surfaces in 
contact. This can be found moments about 
any straight line, the moment of the whole area —_— 
equal to the sum of the moments of it parts. (I woul 
remark here that Mr. Adams uses the word ‘‘ moment,”’ 
like many others, wrongly ; a moment is a product, one of 
whose factors is always a linear dimension; such as 
‘* force x leverage” or ‘‘areaxdistance.””) The surface 
in contact consisting of an area of . 

88.25 sq. in. whose centre is 1} in. from left-hand edge 
12 ” in. ” 


21.25 5, ” ” im. ” » 
the distance of the centre of gravity of the whole from that 
edge is 

“4 434+-63+-188.6 _ 294.6_ 4.124 in. 


$8.25+12421.25 71.5 
The distance of the resultant force from the centre of the 


surfaces in contact is thus shown to be only .056, and the 


ciple 


” % ” 


surfaces, nowhere differing greatly the mean, which is 


ea 2250 _ shout 143} Ib. per square inch. 
Now supposing that any steam does penetrate between 
the surfaces, it is quite evident that its pressure cannot be 
less than the force with which the valve would press upon 
the seat if the steam were absent; though it may be 
, in which case it will blow the valve from its seat. 

ut Mr. Adams says that the pressure on the right-hand 





) tensile actually 
exerted at the instant of fracture, then ¢ values of the 





pressure will be almost ae distributed over the |, 


testably that the pressure there is more than 140 lb. 
Also he says that between the surfaces on the left there is 
steam oy of 150 1b. ; if so, it will certainly blow 
through on that side. 
Since the forces I have considered, and the conditions 
which result from them, are quite independent of -_ 
an 


hypothesis regarding: ressures between the valve 
seat, it seems to mi t this is the ground from which the 
talented individual is into the 


ing to penetrate di 
mysteries of the Shick os 


subjject—w: ch his name is not Thomas— 
should start in the *'majestic flights of his imagination.’’ 


If any one will show what is the least pressure between the 
valve and seat which will prevent f , it will not 
prequire “‘ a star of the first magnitude’ to fix a size for the 
displacement ring, such that at no part of the valve surface, 
throughout the entire stroke, the pressure shall fall below 
what is n the valve steam-tight. 

I hope what I said will convince Mr. Adams that 
the conclusion to he has come after eight years’ ex- 
rience is wrong Sune thas read the deductions I drew 

rom his “‘ principle’? I think he will allow that they follow 
necessarily ap his hypothesis, and if he grants the 
absurdity of the deduetions, he is bound to admit that the 
esis on which they rest is incorrect. I believe the 
impression is that the mutual pressure of the valve 

and seat should not be less per square inch than the excess 
of the steam over the erhaust pressure. What the effect 


of the im of the exhaust steam on the valve is, I do not 
attempt say; it can only be determined by practical 
expériments, Dut it is on just these points that we looked 


for inf 
us on the subject. With many thanks for the space you 
have allowed me, 


ormation when Mr. Adams undertook to enlighten 


I am, Sir, your obedient a. 





To Tux Eprror or ENGINEERING. 

Srr,—Mr. Adams given us a clear profession 
of faith; he says, “A is over the inner bar, it is 
therefore the ust pressure, and that is 
the force acting the surfaces.” And again, “To 
hold any two surfaces of metal together, the force applied 
must a ae or uae than, the os a aes 
in contact multiplied pressure against which motion 
takes place, and as spaces D and R move against the initial 
ressure, that is the measure of the force acting between 
he faces ; but K is moving against the exhaust pressure, 

and that is the measure of the force acting on that space.’’ 





To put this into clearer if somewhat more homely terms, 
we are told that because the edge of the valve a is wiping 
away steam of full pressure from the surface in front of it, 
therefore this same full pressure will obtain between the 
surface in contact immediately behind the edge a; and 
similarly c ‘‘ moving against’’ steam of exhaust pressure, 
will have that pressure between its following surfaces. We 
are to take this theory without a word of proof save Mr. 
Adams’ statement that so it is. Let us see. Su we 
fix the valve and reciprocate the seat. Seerng, same 
reasoning, the is wiping away steam of full pressure 
and therefore full pressure must exist immediately behind 
it; the edge b is wiping or of exhaust pressure, 
and therefore must have exhaust pressure immediately 
following it. Unfortunately this result is the exact op 
site of that obtained by Mr. Adams. What would hat 
ntleman be was the pressure bety one of Napier and 

ine’s valves and its seat, in which case motion is given 
to both? The rule would prove that it must be both full 
steam and exhaust over all surfaces in contact. But 
seriously is this not 1 us back to my original sug- 
gestion, that the mean of the two is the true pressure ? 
Into the ground covered by the mathematical portion 
of your correspondent’s letter I will not venture, studded 
as it is with pitfalls and mantraps y “ : 
** component centre,”’ “‘ moment,” “‘ leverage,” ‘‘ radial 
line,’’ &c., save it be to erect a sign-post marked ‘‘ dan- 
gerous” as a guide to the unwary. 
Tam, Sir, yours bw. 

C. G. Mason. 


Wiggin-street, Birmingham, September 3, 1877, 


Gas In Paris.—The sales of!gas effected by the Parisian 
Com: Bearden em Bender Gas in the first half 
of thls your Wendl in the co! ion of a reveuue of 
933,5811., as compared with 895,600/. in the corresponding 
period of 1876, and 830,937. in the corresponding 
period of 1875. The receipts of the com are thus 
steadily expanding; and as coal has been ng 
price of late, it seems probable that the profits—and by 
uence the dividend—of the company will be some- 
what Cae in 1877 than in 1876. 


Tux Unirep States Navy.—The sloop of war Quinne- 
baug, 910 tons burthen, is to arrive at League 
Island at an early date from Neafie and Levy’s Works, 
where she was ordered to have her engines repaired, &c. 
The Quinnebaug will receive new sails and wire rigging at 

Island. During the recent labour troubles in the 
United States, the Navy Department ordered the monitor 
Nahant} to be fitted for service; the order has now, how- 








, been termanded. A steam 
ob lenges sland, 600 ft. by 80 ft., wit be complete 
in a few weeks. 


occupied 





inner bar is only 20 Ib. per inch, while I have shown incon- 
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EIGHT-HORSE STEAM 
CONSTRUCTED BY MESSRS. CHARLES BURRELL AND SONS, ENGINEERS, THETFORD. 


In the course of our account of the recent Show of the 
Royal Agricultural Society at Liverpool we noticed 
briefly a very neatly finished 8-horse steam ploughing 
and traction engine exhibited by Messrs. Charles Burrell 
and Sons, of Thetford. Of this engine we now give a 
perspective view which will show its design. The engine 
is one of a pair for working on the double-engine system, 
and as in most of the small-sized steam ploughing en- 
gines now constructed by the leading firms, the rope 
drum, which is situated beneath the barrel of the boiler, 
is arranged so as to be readily removable when the | 
engine is to be used for traction purposes only. The fore- 
carriage, also, is reversible, it being turned round so as 
to shorten the wheel base when the rope drum is re- 
moved, and thus make the engine more handy. 

The cylinder, which is thoroughly steam-jacketted, is 
9 in. in diameter with 12 in. stroke, and the boiler has 
30.5 square feet of firebox surface and 140.5 square féet 
of tube surface, making 171 square feet of heating sur- 
face in all. The firegrate area is 5.25 square feet and 
the flue area through tubes is 0.733 square feet. The 
ratio of grate area to heating surface is thus 1 to 32.57 
and the ratio of grate area to area through flues is 7.16 
to 1. 

In designing the engine care has been taken to keep 
the width as small as possible, and although the driving 
wheels are 20 in. wide, the width of engine over all does 
not exceed 7 ft.3 in. Wrought iron and steel are freely 
used in the details, there being but few parts of cast 
iron, and a very neat double bracket is provided to carry 
the crankshaft and vertical shaft, the arrangement being 
such that the flywheel does not overhang its bearing. 





| of the action is the production o' 


| to the Manchester dyers, to 





The gearing for the road motion is of steel. In addition 
to the winding drum for ploughing purposes, the engine 
is also provided with a small wioding drum mounted on 
the driving axle, this drum carrying 80 yards of steel 
wire rope and being very useful for many purposes. The 
arrangement of this drum is that introduced by Messrs. 
Burrell at the last Smithfield Show, and is very neatly 
carried out. Altogether the engine we have described is | 
of very good design, and the workmanship of that exhi- | 
bited at Liverpool was excellent. 


FIRING TORPEDOES. 
To THE Eprror OF ENGINEERING. 

S1r,—In ENGIneer1nG of the 3lst of August, I notice 
your article, 161, on galvanic batteries and fuzes for 
torpedoes. Permit me to call your attention toa battery I | 
invented many years ago whieh isjas powerful as Grove’s | 
or Bunsen’s, and has the great advantage over these of 








i a simple arrang 
| was tipped over, the plates being then at the bottom, 


| suffi 
| distance. I found that fine binding iron wire was superior to 
| platinum as a fuze. Should an explanation be wished of my 


being excited by a single fluid and having no ee pots— 
I refer to my tin battery, which Professor Faraday, Sir 
David Brewster, and many other scientific men examined 
and highly approved of its action and simplicity. This 
battery consisted of tin (not tin-plate, which is iron) acted 
on by dilute nitric acid, specific vity 12.20. The result 

 sxditcheanie acid, which 
at the time I invented this oo a saleable commodity 

whom I sold above a ton 
weight. The tin forms one element and a carbon or platinum 
plate the other. For blasting or torpedo operations I re- 
commend a form of battery which I invented some years 
before the tin battery, and this was a small case of tubes, 
each fitted with a positive and negative plate at one end 
and half filled with the exciting liquid. 





This sketch shows one tube so fitted with a tin-plate on 
each side of a carbon or platina plate, and the exciting liquid 
below. _ The set of tubes was fixed to an axle, and when 
out of action, the liquid remained at the bottom, and the 
plates at the top free from contact with it- When acharge 
was to be fired, the set of tubes, b impl t 





and 
covered by the exciting liquid, and a vanic current 
generated. By this arrangement the plates were only 
acted on during the moment of explosion, for by giving the 
apparatus a fall turn or a reversa motion, these plates 
were raised to the top, and the liquid flowed away from 
them. The action (being that of the first contact of plates 
and liquid) is so powerful, that very few plates in series 
to ignite a platinum or fine iron wire at a considerable 


mode of testing the state of the fuze without danger when 
in the charge, and for the best method of firing from 2 
to 100 charges simultaneously as adopted at the foundation 
for the Skerryvore Lighthouse, I refer to my pamphlet on 
** Blasting by Galvanism,”’ published by Longman in 1840. 
Bath, Sept 4, 1877. Martyn ROBERTS. 
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EARTH CLOSETS. 
To THE EpITOR OF, ENGINEERING. =— 

Srr,—My attention having been called to Mr. Waring’s 
letter on the ‘‘ Earth Closet Question” in your paper, I 
write to say that I can corroborate ‘all he says as to re- 
peated use of the earth, having used earth over at least 
twenty times. As to its manurial property I can testify 
practically that it is My! valuable. Some ten acres of 

und belonging to the Industrious Aid Society of Here- 
ford has been manured with earth closet manure (three 
times used) for some years, and has produced some Nem | 
large crops of all kinds of en produce, and no other kin 
of manure has been used. This fact rather contradicts 
the analysis. 

I remain, Sir, your obedient servant, 


‘ H. J. GrRDLESTONE. 
London, September 11, 1877. 








GENERAL Post Orrice RePort.—The recently issued 
report of the Postmaster-General, for the fifteen months 
ending 3lst March, 1877, contains many curious and in- 
structive statistics. It appears that during the financial 

ear, 221 new offices were established in the United 

ingdom, raising the total to 13,447, of which 896 are head 
offices. The number of road letter boxes was incre 
from 10,186 in 1875, to 10,724 in 1876, giving a total of 
postal receptacles of 24,171 against 16,835 that existed ten 
years ago. Before the establishment of the penny postage 
system there were, in 1840, only about 4500 receptacles for 
letters, &c. In London there were (1876) about 1800 post- 
offices, boxes, &c. The total number of letters in that year 
was 1,018,955,200, or at the rate of 31 letters per head . 
the population. Of post-cards there were 92,935,700, 0 
newspapers und book packets 298,790,800, of which the 
newspapers alone were 125,065,800. The number of - 
i letters was 5,095,116: The number of returne 
fetters was 5,897,724. In regard to the telegraph — 
ment, the depression of business led to com or 
unfavourable results, The number of messages dealt wi 
was 26,440,439, being an increase of 960,000 over the number 
sent in the preceding 15 months. The press tel . 
amounted to about the same as during the preceding 4 
months. The number of poten open for telegrag, 
business on 31st March, 1877, was 3734, besides 1636 4 
way stations. The gross ings of the telegraph depa 
ment to the same date were 1,313,000I., giving an a ro 
of 36,0001. on the financial year. The expenditure amoun 
to 1,123,0001., showing an increase of 91,000. Some —— 
and amusing instances are given in the report as be a 
abnormal use to — © postal —— 7 A. 
receptacles are put. Sna mary me an ’ ’ 
lizards, cum aaiite aliis, found themselves under the Post- 
master’s care during the year 1876, 
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’ are closed with strong doors and the reservoir, which con- | was h in ‘Fig. 5. i that rtain 
THE REMOVAL OF SAND BARS. | icing “about, 1,000,000 of cubic metres, is kept fall til | quantity of sand would penstrate into the conduit, but 
On some Experiments made at Boulogne-sur-Mer, in| low tide. At that moment, by avery quick and simple | we believed that the water from the pumps with high 
France, wpon a New System proposed for removing the| process, the doors of the i are pea og opened | pressure should have washed that sand away; but to our 
Sand Bars at the Mouths of Sea Harbours.* and an immense cataract is produced under the bri all | great surprise the small particles of gravel contained in the 
By M. Cu. BERGERON. the contents of the reservoir fall with impetuosity like a f 
Ax the last meetings af the British Asociaton, at| Hv. Sil the harbour and rum inte the sve carving ll ie 
Bristol and Glasgow, I had the honour to explain before| “4, long as the water falling from the reservoir called the 
the mona of —- . bpd ibe system - removing | reservoir des chasses is maintained between the two piers 
sand bars. I was able to describe ex ents made on a | ; ; 4 La 
poe sai near Paris with some sand of the River Seine. it produces the same effect as a river and keeps ‘~~ SEC CEE 


In those experiments we could ascertain the effects pro- 
duced on the sand by jets of water in two different 
tates : 

: 1. Aniron pipe pierced in several rows of small holes of 
about one quarter of an inch diameter, imbedded at the 
bottom of a sandbank, and in which we sent some water 


deep in — to its velocity and its volume. 
mediately after passing the end of the pier it expands itself 
upon a large surface of the sandbank, and runs in small and 
numerous streams in every direction right and left, and at 
a distant of about 500 meee from -" end by A See 
pier, we see a large yellow track of san 

at low water upon which the chasses have not a laos 


from an elevated reservoir or from a pump with a pressure effect 


of about 10 1b. or 12 Ib. per square inch, produced artificial 
springs raising the sand above, carrying it away, and pro- 
ducing a large and deep cutting above the pipe. (Fig. 1.) 





2. The same pipe simply laid down on the sand at its 
surface, rapidly sank down into the cutting produced 
through the sand by the jets of forced water coming out of 
the pipe and washing it away. (Fig. 2.) 





Experiments of the same sort and with similar results 
were made in London by a friend of mine, Mr. Valentine 
me, OB, at Messrs. Tylor’s workshops in Newgate- 
street. 

After that, I did not hesitate to propose to the French 
Government a trial of my system upon a large scale. I 
explained that if in a sand bar which obstructs the entrance 
of a sea harbour (Fig. 3), I could make several cuttings, 


Fig. 3 





ab, a’ b/,a” b”, by means of ranges of pipes described 
above, in which large quantities of water should be sent 
from pumps or elevated reservoirs, all the sand would be 
put in suspension by the jets, washed by the strong cur- 
rents of the tide or of the chasses, and be carried awa: 
to the deep sea, while a channel would be obtained ‘rough 
the bar as large and as deep as it is in the harbour between 


a = jetties. 

@ instance of MM. Maitrot de Varennes, Inspector 
Général des Ponts et Chaussés, L. Vauthier, Ingénieur des 
Ponts et Chaussées and Ad. Chérot, civil engineer in Paris, 
the Minister of Public Works decided that an experiment 
should be made by the engineer-in-chief of the Boul e 
harbour upon a part of the bar which is entirely dry at low 
water of spring tides. 

It was agreed that the sinking of the pi 
effect of the jets or artificial springs, should be well ascer- 
tained and measured upon a dry track of sand, that we 
might be able to appreciate afterwards its effect with the 


by the mere 


Pipes deposited in the channel in the direction of the cur- | had 


rent of receding tide or of the chasses, of which I must 
say a few words. 

Behind the bridge on the River Liane, at Boulogne, 
which connects _the northern part of the town with the 
railway station, isan immense reservoir of more than 50 
wae which is filled by sea water at the spring 

mmediately after the tide begins to fall, the openings 





It was with the hope that my system could be emplo 
for making a cutting and that the current of the — 
could uce in it the same effect as between the piers, 
that the Minister of Public Works decided on its trial at 
Boulogne. 

The experiments lasted a couple of months—March and 
April of this year—but unfortunately the credit of 10,000 
francs, or 4001. sterling, put at the ee oy the i- 
neer-in-Chief of Boulogne, was exhausted before their entire 
completion. Nevertheless, they were able to demonstrate 
that the sand of the bar could be easily removed by jets of 
water or springs passing through the holes of pipes in 
contact with it, and in which a amount of water was 
sent by a centrifugal pump placed at an elevation of 7 or 
8 metres above the sand. 

The site chosen for the experiments was situated at the 
end of the western jetty, at the foot of which was a track 
of sand of more than 60 matees ag. quite dry at low spring 
tide and upon which we could s' on our feet during more 
than two consecutive hours. 

A pump was placed at A upon the masonry of the pier, 
and a locomobile B of a sufficient power of from 12 to 
15 horses was placed on the platform at 3 metres above, 
for working the pump, which was able to throw 100 litres 
per second. (Fig. 4.) 


Fig.4. 











From the pump, about 50 metres of ordinary iron pipes 

of 12 in. diameter A C D, were laid down along the foun 

onc Ags the pier, and about at the same level as the sand- 
ank. 





sahd filled every hole in the pipe, which was thus 


choked, and prevented the exit of water. No effect was 


—— by the zohan the sand; we found afterwards 
nearly three-fourths of the holes were entirely stopped 
or cho by the gravel, and we were obliged to use a 
chisel and a hammer to get rid of that gravel. 

We were naturally inclined to suppose that the size of 
the holes was too small, and we decided to reduce their 
number and increase their diameter to 20 millimetres 
instead of 7 millimetres which they were before. 

Even with such alteration the sand could not enti 
get out of the conduit. The holes of a diameter of 20 milli- 
metres were choked at the extremity, and on almost the half 
of the conduit the pipes were full of sand (Fig. 6), exactly as 





Baa EES a 


if they had been filled with concrete put by a mason for pre- 


venting the passage of any drop of water. But the pump- . 
ing was able to wash all the sand contained in the front 
part of the conduit ; the holes became free, and the jets of 
water produced a deep cutting under the pipes at the 
beginning of the conduit, as is represented by the follow- 
ing _ All the sand accumulated in the conduit 
during the rising Side, was carried by water from the pump 
to the extremity B C, of which not only the small holes but 
the total section of the Pipes was with sand com- 

Jed ecagol the seman aE alias ban Ee game ee 

and using pressure m s 
could not drive away the cylinder of sand B C. frig” 7.) 

But the section A B, free from sand, was able to work 
and produce all the effect which was expected. The holes 
gave issue to a great number of jets, which made under 
Sam 080 bosin of nearly 258, demp, oe ag 
portion, upon whi ) were suspended. It is o 
vious that if the end of conduit BC had not been 
choked, we should have obtained with it the same effect as 
with the section A B, the entire conduit A BC would 
have fallen into the cutting made under it, and we should 
have obtained the longitndinal section which was the aim 
of our experiments. 


< 4B c 











The conduit which was to be tried, D F, was composed of 
pipes pierced with three rows of small holes of about } in. 
diameter, at 10 centimetres distance from each other, con- 
nected together by rigid sections of 10 metres each, and 4 
flexible joints. The length of that conduit was 40 metres. 

The pipes were laid down on the sand after having been 
bolted to the plain conduitA CD. | 

The extremity F was closed by an iron plate, so that all 

into the pi 
the conduit 


was to escape through the 


the water pum , 
E F, in contact with the 


—_* holes o 
sand, 

When we were ready to start, the locomobile and the 
pump were put in motion. The water was extracted by 
an exhausting pipe A G from the channel, and driven 
into the conduit. The first part of it was almost vertical, 


being tied by iron rings to a wooden pile of the pier, 
and She pndln. part of conduit C Der G, of about 
90 metres in length, was almost horizontal. 


At first we began to try the pumps before the rising of 
the tide, and we observed that every hole in the pipes was 
giving issue to a jet of water strong enough to pierce 
and make an excavation in the hard surface of the sand- 


bank. 

But we took little notice of that effect, as we intended 
to make the experiment when the tide was po ay way the 
reason that the sand raised by the jets ought to be taken 
away by the current of the tide or of the chasses. 
en the tide began to rise all the pipes were soon 
covered with water. We could observe that the sea 
waves had no effect upon the state of the conduit. At the 
end of the operation the pipes were found to haye kept the 
same position they had before, but their internal condition 


tered. 
When the tide was rising the water of the sea 
filled the conduit, which in its horizontal part had 
nearly 90 metres in length, and contained more than 
2000 litres in eapacity. All the water which went into the 
pipes was obli to pass through the holes in contact with 
the sand, and according to the height of the tide, it 
ran with a certain s and carried with it a large 
quantity of sand which filled more than half of the pipes, 





* Read before Section G at the British Association. 


when the pump began to work. 
We nd ten § that the section of the pipe at that moment 
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We were for a moment disposed to believe that there was 
no remedy for the introduction of the sand into the pi 
isi i the pump was capltentty 


during the rising tides, 
working, which would be too expensive, or usin —- 

fall of the tide. 
at their top, the pipes 


valves opened at the mee shut at the 
By such valves, in se places 
would be filled without oe the water passing through 
the holes and carrying the with it. : 
But after due reflection, I found a much more simple 


process for solving the difficulty. We used 
pipes of thin metal (Fig. 8), having a section of 1 in. at the 








..w Hig: 8. innleiete 
son 4 
bottom, and } in. at the top. They were introduced and 


soldered in the holes of the cast-iron pipes, as they are 


marked on the coe. 
account of the conical shape of the small pipes a b, 
a) b' (Fig. 9), when the tide rose, the sand found great resis- 
Fig.9. 





as Ease 
tance in its almost vertical ascension ; the water percolated 
through it, and very few noo of gravel were able to 
reach the summit a a!, whilst the pressure of water from 
the pump was driving out any sand that there might be in 
the conical pipes. ; ae 
‘When we tried a few pipes of this description, we found 


not a single hole s , nor was pe choked with sand, 
and I am convi hat the main di yt Se eee 
was solved by this very simple and efficacious ition. In 


my opinion we do not want more proofs than those described 
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above 1 demonstrate the efficacy of my system for cutting 
sand bars. 

After having explained, with the experiments of Bou- 
logne, the principle of that system, I will try to give a 
description of the apparatus by which it can be safely and 
economically carried into ice. 

I take the liberty to submit to the appreciation of the 
members of this section the plan which I have pro- 
posed to the French engineers of Boulogne, which was 
sketched and drawn by my friend Mr. Valentine Bell, C.E., 
of London, according to my own suggestions. (Fig. 10.) 


Pig 


Ole Pier 
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ON PROPULSION OF VESSELS.* 

By Mz. W. J. Mrtuar, C.E., Secretary of the Institution 
of Engineers and Shipbuilders in Scotland. 

Tux object of the present paper is, mainly, the consi- 
| deration of the action of a propeller upon the water with 
which it is in contact, and the relations existing een 
the pressure so induced and the “‘ actual energy” of the 
mass of water set in motion. In the case of a steam vessel 
the source of power is contained within the vessel, and lies 
in the pressure of the steam, the useful effect of which is 
transmitted to the propeller. The water in contact with 


10. 








I propose to prolong the western pier of pre toa 
length of about 600 metres by the means of cylindrical 
cast-iron piles similar to those sunk in sand banks by 
Mr. Brunlees for the viaducts of Morecambe Bay and the 
pier of Southport. 





a. — 


m the vessel, 





the propeller, from its inertia, offers r 
the reaction of which appears as thrust u 
whereby it is urged forward, whilst the water acted upon 


moves backwards. When a ly or mass of matter is 
moved by the action of at force, the body is said to have ac- 
tum ;. 





The platform would be used for a railway in ion 
with the Chemin de Fer du Nord, to allow the trains 
arriving at Boulogne to reach the extremity of the pier, 
which will, I think, enable large steamers at any moment 
of the tide to load and unload their passengers as they can 
now at Dover. 

All along the pier at an altitude of about six metres over 
the platform, there would be a and deep canal always 
kept full of water to be used for feeding the pipes laid down 
in several rows into the Channel. 

These pipes would be laid im sections of 300 ft. long, 
every section being separatel — from the canal. 
The canal would be continually filled means of a large 
pump raising the water from one of the floating docks of the 
town. It would perhaps be better to have near at hand on 
the shore a special reservoir containing a large provision of 
water raised by pumps working continually. It would be 
kept always full, and by sluices of large size its waters 
would be carried in great volume to the canal of the pier 
for the purpose of beer | any contingency for properly 
feeding the pipes imbedded in the sand at the bottom of the 
Channel, which pipes have for their object to remove the 
sand bar as I explained before. 

I am perfectly certain that during the chasses, which last 
about half an hour, and produce a strong current in the 
harbour between the jetties, if we can successively open 
the communication of our elevated canal with all the pipes 
laid down at the bottom of the channel, we could easily at 
the same time carry away to the deep sea all the sand 
accumulated above. I think it useless to give greater 
details of this plan, which will be easily understood by 
engincers. 

will complete my communication by the addition of 
some improvements whichI have been thinking of for a long 
time and which have not been indicated on Mr. Bell’s 
drawing. 

The first part of the new jetty isto be made a claire voie, 
that is to say, freely open to the current of the tide. The 
sand raised by the current would pass through the cast- 
iron pipes and would have no tendency as it has now at all 
our ports to accumulate at the end of the pier, and form a 
bar across the entrance of the harbour. Naturally the 
bar of Boulogne would be reduced in size when the sand 
was brought in a very small quantity by the rising tide ; 
gradually vs would be Ly roe by the use of our clovated 

over the pier and o pipes em’ permanent: 
in the bottom of the channel. Son 4 

I propose for a length of about 120 metres, or 400 ft., the 
new pier of Boulogne should be incased at the end with large 
iron plates like the sides of an ironclad, able to resist the most 
violent action of the waves, asin the case of the granite 
Admiralty Pier of Dover. 

Such a pier, or I should say such a sunken ironclad, would 
offer an excellent shelter to the seamen in the middle of the 
sea, behind which the steamers could embark and disembark 
their passengers and on one side or on the other, ac- 
cording to the state of the sea and the direction of the wind, 
as it can be done now at Dover. 

Ths comparison which I have just made between the end of 
the pier and a sunken ironclad, the convenience to protect 
the ships against strong winds blowing into the harbour, 
brought to my mind the idea of completing my scheme by 
the addition of another iron wall dicular to the jetty, 
which would be paid for by the A y, as a strong forti- 
fication containing all the implements for defence and the 
best armaments for the use of military engineers. 

Behind such a wall incased by plates of the largest size and 
thickn»ss they could eae in position of firing at any mo- 
ment of emergency, four or five gins of 80 or 100 tons, 
which would D ee any man-of-war of any enemy from 


ap ulogne harbour. 





Russtan TeLeGrapuy.—The revenue derived from the 
te ph service of the Russian empire in July amounted 
to 514,077 roubles, against 387,807 roubles in July, 1876. 
In the first seven months of this year the te revenue 
of the service amounted to 3,261,217 roubles, as compared 
with 2,703,485 roubles in the corresponding period of 1876. 


Berean Coat.—The total production of coal in the 
mines of the Hainaut in 1876 was 10,487,000 tons, of the 
estimated value of 5,806,8001. As compared with 1875, 
the production of 1876 presents a reduction of 481,000 tons. 
If we extend the comparison to 1873, when the coal pro- 
duction of the Hainaut attained its maximum, the re- 
duction in last year’s extraction will be found to become 
much greater. 





quired T tum is proportional to the 
product of the mass and the velocity; hence the ter 
the mass moved and the higher its velocity, the greater will 
be the momentum. To effect this, force must be exerted ; 
so that the momentum of a body becomes a measure of the 
force acting. The unit of force has been defined as that 
which, in one second, gives to one pound of matter a velo- 
city of one foot per second. The unit of force will thus 
produce a unit of momentum in one second. Hence, if we 
knew the momentum of a body, we can tell the force which 
has acted to cause such momentum. The action of a pro- 
peller being to drive back a quantity of water, the mo- 
mentum of this mass of water will measure the force 
exerted by the propeller to cause this motion of the water, 
and, ea the opposite reaction or thrust upon the 
propeller. 

hrust of a Propeller.—The thrust of a propeller, then, 
may be ascertained, if we know the mass of water driven 
back in one second, and the velocity per second with which 
this water moves. In treating of this subject, the late 
Professor Rankine says: ‘‘ The reaction of the stream of 
water acted upon by any propelling instrument is the pro- 
duct of three factors; the mass of a cubic foot of water, 
the number of cubic feet of water acted on in a second, 
and the velocity in feet per second, impressed on the water 
by the propeller.’”” That both the forms and positions of 
propellers will modify the results is obvious. The oar acts 
on water removed from the vessel’s influence, whilst the 
screw-propeller from its situation amongst the currents 
meeting at the stern of the vessel is much affected; the 
paddle-wheel occupying an intermediate position. In consi- 
dering, then, the relations existing between thrust and the 
energy of the moving water, let the simplest case be taken— 
in which the actual velocity of the stream driven astern by 
the propeller is ere to the difference of the speeds of 
the propeller and of the ship. When the vessel has attained 
a uniform s , the work of the engines will be expended 
in overcoming the frictional resistance of the water in 
contact and in setting in motion certain quantities of water, 
one of which is the backward current already referred to ; 
the other motions are the waves, eddies, and the following 
current or wake. These motions combined absorb the 
power of the engines, the useful work of which will vary 
according to the manner in which these influences act upon 
each other. Let the actual velocity of the stream driven 
= — a - — 75 re) ~ a of the 
ship and pro) r; then, =speed of ship in feet per 
second, P=speed of propeller in feet per second, S=s: 
of stream driven back in feet per second, we shall have 
S=P-—V, or slip. The quantity of water acted upon will 
depend on the speed of the propeller, and fora paddle 
wheel may be stated as follows : Let D=effective diameter 
of wheel in feet ; let N=number of revolutions per second ; 
let A=area of two float boards (feathering floats) in square 
feet ; then, P=DX3.1416XN. Let Q=quantity of water 
acted upon in one second, then Q=A x Dx 3.1416XN, 
or Q=AxP, and if 64]b. per cubic foot be taken as the 
weight of sea water, we shall have as weight of water 
set in motion in a backward ‘stream from the propeller 
in one second, W=Ax64xDx3.1416x N, or W- A x 64 
xP. Now, since this water moves with a velocity of S 
feet per second, its momentum as expressed by the ordinary 


symbol We , and taking the value of g as 32, will be 


g 
um (4° 3 **) xs, or M=2xAxPxS; but, since 


this measures the number of units of force acting go 
the time, and since the reaction or thrust is equal an 

opposite to this force, we have THAA Oe PAS =2x 
Ax Px Sas the thrust ‘in pounds, which is, therefore, the 
force urging the vessel forwards. Professor Rankine’s rule 
for the thrust of a propeller in pounds, whether paddle, 
screw, or jet, is, “‘ Multiply ther the transverse 
sectional area in square feet of the stream driven astern by 
the propeller; the speed of that stream relatively to the 
ship in knots; the real slip, or part of that speed which is 
impressed on that stream by the propeller, also in knots ; and 
the constant 5.66 for sea water, and 5.5 for fresh water.” 
Professor Rankine also states that “‘ The sectional area 
of the stream i i after the action of the propeller 
is either very nearly or exactly equal to that of the pro- 
peller itself proj on a thwart-ship plane; that is, 








* Read before the Institution of Naval Architects at 
Glasgow. 


for feathering paddles simply the area of a pair of floats, 
OSs et ee ee disc less that of the 

88. 

Energy spent in gaining Thrust.—In setting up the 
backward or slip current energy has been expended which 
appears in this current as lost work. Taking the ordinary 
symbol, or Le to express this energy, we have as the 


value of the lost work, De etekatal th = AxPx§?, 
x 


and this when the propeller works clear of the ship’s cur- 
rents will be wholly lost. Now it will be noticed that, 
while for the same quantity of water sent astern, the thrust 
varies as the velocity, the lost work varies as the square of 
the velocity. The lost work then, for increase of speed, 
will increase much faster than the thrust gained. To reduce 
this loss while keeping the thrust constant the quantity of 
water must increased and its velocity decreased. To 
give numerical and graphical expression to these principles 
the following tables and di ms have been drawn upin which 
a fixed rate of speed of vessel is assumed, and a constant 
thrust : the areas and speeds of propeller are, however, 
varied. Let V=25 ft. second, P=26 ft. per second, 
and A=1 square foot ; & S—26—25=1 foot per second, 
and $4—2, hence T=2 x 1 x 26 x 1=52 lb. 



































No. 1. 
ke | | ° 
1 £ a | | z 3 
a 
da| Bs | 38 | — Be | 8 
alli 2S | ms | | mS | A 
om] de | a” | |? | eG 
2x} 1.000 x; 26= 52 and52 x = | 52 
2x} 0.482 x| 27= 26 » 2 X = | 52 
2x} 0.310 x} 28= 17.34 ,, 17.34 x = | 52 
2x} 0.224 x| 29= 13.00 ,, 13.00 x = | 52 
2x} 0.174 x| 30= 10.40 ,, 10.40 | 5== | 52 
t 
The corresponding lost work will be : 
A x 64x PxS? Ss? 
= eens API. f 
oe 2x32 2 
or 4 
E foot-pounds=2 x 1X 26x 4 =26 foot-pounds. 
No. 2. 
le |&.| 
2 | ° e 
ga | 8; | BB s?| 3% 
ai,| 23 a8 + | 88 
Ow | <* a, | = 
2x | 1.000 2e—= | 52 and52 x =| 26 
2x |0.482x |27=| 26 ,, 26 x (ig! 52 
2x | 0.310 — 17.34 ,, 17.34x =| 78 
2x | 0.224x | 29=| 13.00 ;, 13.00x |g2=| 104 
2x |0.174x« | 30=— 10.40 ,, 10.40 3*=| 130 

















In Fig. 1 the areas of each of the rectangles represent 
the thrusts given in Table I., the co-ordinates of the curve 
being for vertical distances, slip in feet per second; and 
for horizontal distances the products of s and areas 
of propeller. In Fig. 2 the areas of each of the rectangles 


mt FH 
ae: & 


$2 











represent the lost work or energy im to the slip 
current, corresponding to the same velocities of slip as given 
in Fig. 1, the co-ordinates of the curve being, for vertical 
distances, the half square of the speed of slip current 
in feet per second ; and for horizontal distances, the pro- 
ducts (as in Fig. 1) of speeds and areas of Ee . On 
inspection of these diagrams, it will be seen that the loss of 


* From calculations and observations of the performance 
of some river paddle-steamers made by the author, it a 
— that a about pans be Sma yh of float-board 

ective, being ue breaking 
the. water and the ceonignand mixture of air with it 
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eddies and waves made by the float-boards. 
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energy in the slip current rises very rapidly as the slip 

increases ; the thrust remaining meanwhile constant. The 

general equation of energy expended and work done in 

ropulsion may be stated as follows: F s=Rs+ 
vy 


P 

> 7 where F s=effective energy of the engines ; R s= 
ied ded in overcoming the frictional resistance of the 
water in contact with the vessel 5 w v" = the sum of the 
work lost in setting in motion the slip current, the follow- 
ing or wake current, waves and eddies. If the propeller be 
working in the following or wake current, a part or the 
whole of the lost work of the slip current may be regained, 
since the propeller instead of setting originally still water in 
motion, would now be employed in bringing to rest # part or 
the whole of the following current, whose momentum 
being checked, thrust would be induced as before upon the 
propeller ; the following current being in this manner 
brought partly or wholly to rest. 











THE EDDYSTONE LIGHTHOUSE.* 
By James N. Dovetass. 

Tue Eddystone Lighthouse is a structure of which, from 
being the first of its kind and the blessings it has confe: 
on civilisation and commerce, the whole world has reason 
to be proud. The whole story of the building of the light- 
houses on the Eddystone by Winstanley, Rudyerd, and 
Smeaton has been so fully and graphically told by Smeaton 
in his narrative of the construction of the Eddystone Light- 
house, also by Mr. Smiles, in his ‘‘ Lives of Engineers,”’ that 
it appears only necessary for me to refer to the modern his- 
tory of the present structure. Before doing so I will, how- 
ever, dwell for a few moments on the structures which pre- 
ceded it, rough Soe of which are suspended on the walls 
of this room. The first of these was designed and erected by 
Winstanley in 1696. This structure, chiefly of timber, was 
ill adapted, both from its material and form, to resist the 
heavy seas to which it was exposed, for, during a furious 
storm in November, 1703, it was completely swept away, 
together with its builder, who had gone off to effect some ne- 
cessary repairs. The second lighthouse, designed and erected 
. by nearer was also chiefly of timber, but as regards form 

and stability, was a very considerable improvement on its 
predecessor. This work was commenced in 1706, and was 
first lighted on the 28th of July, 1708. It successfully re- 
sisted the heavy seas to which it was exposed for forty- 
seven years, when, about two o’clock on the morning of the 
2nd of December, 1755, the lightkeeper on duty going 
into the lantern to snuff the candles, found it full of 
smoke. The lighthouse was on fire, and in a few mi- 
nutes the fabric was in a blaze; fortunately, the light- 
keepers were rescued, but Rudyerd’s lighthouse was com- 
pletely destroyed. I have now to refer to the third and 
present lighthouse, the masterpiece of that eminent father 
of civil engineers, John Smeaton, F.R.S., who gave the 
subject the most careful investigation. Smeaton carefully 
examined the plans and models of the two former light- 
houses, by which he sought to ascertain their defects, with 
a view to their avoidance in the intended new structure. 
In the course of the inquiry Smeaton became convinced thata 
great defect in the late —_ been its want of weight, 
through which it had rocked about in heavy storms, so that 
it would probably have been washed away before long 
if it had not been burnt; and he came to the conclusion 
that, if the lighthouse was to be contrived so as not to 
give way to the sea, it should be made so +~ that the 
sea must be — to give way to the building. He 
also had regard to durability as an important point in its 
re-erection. To quote his own words: ‘‘ In contemplating 
the use and benefit of such a structure as this, my ideas of 
what its duration and combined existence ought to be were 
not confined within the boundary of one age or two, but 
extended themselves to look towards a possible per- 
petuity.” Smeaton had thus arrived at the firm con- 
viction that the lighthouse must be of stone, and with 
regard to form, the idea of the trunk of a large spread- 
ing oak tree s sted itself to his mind as the natural 
model of a column arene 3 ibly the greatest 
stability. Another point, which he long “and carefully 
studied, was the best mode of binding and dovetailing the 
blocks of stone to the rock and to each other, in such a way 
that not only every individual piece, but the whole fabric, 
should be rendered proof against the external forces to 
which it must be subjected. Good quick-setting hydraulic 
cement being unknown at the time, Smeaton bestowed great 
care and attention upon experiments which he personally 
conducted for discovering the best cement to be used in the 
work, and eventually he adopted one composed of equal 
quantities of blue lias limeand terra pozzualano. Smeaton 
commenced his work in the spring of 1756, and on the 16th 
of October, 1759, the light was first exhibited. Smeaton’s 
Success soon led to the erection of several similar works by 
the Trinity House and _ other lighthouse authorities ; some 
of them, especially the Bishop and Wolf, off the west coast 
of England, and exposed to the full fury of the Atlantic, 
have been attended with even greater difficulties in con- 
struction than the Eddystone, but their success has been 

y due to the adoption generally of the model pro- 


vided by Smeaton. 

The Eddystone appears to have been one of the first 
buildings on which the mode suggested by Dr. Franklin for 
their protection from lightning was adopted. Smeaton 
states that on one of his visits of inspection to the quarries 
w rough ite blocks were being prepared, a 
Severe storm of thunder and lightning occurred at Lost- 
withiel, by which the church spire was shattered ; and this 
turned his attention to the best mode of protecting his 
a pe — sanalnccesiiiat. Smeaton’s conductor 

in y the present conductor, suggested 
by Faraday, the late scientific adviser to the Trinity House ; 


* Paper read before the British Association at Plymouth. 








this consists of a half-round bar of copper 1} in. by # in., 
connected to the base of the lantern and carried down the 
internal surface of the wall of the building to the solid 
portion, where it is carried t! h the wall and down the 
external surface of the tower to the rock and thence over its 
surface to the water. On its way through the tower con- 
— are made between all metal-work and the con- 
uctor. 

It will be a matter of general + among the members 
of this Association to learn that Smeaton’s lighthouse is 
not destined to exist much longer. Owing to the 
considerable tremor of the building which occurs with 
wave stroke during heavy storms from the westward, more 
especially when from W.S.W., fears have been frequently 
entertained for the safety of the structure when, as has 
often occurred, the sea water has been driven through the 
joints of themasonry. The upper part of the structure has 

m strengthened on two occasions only, in 1839 and 1865, 
with internal wrought-iron ties extending from the lantern 
floor downwards to the solid portion of the tower. On 
the last occasion I found that the chief mischief arose from 
the upward stroke of the sea at the cornice ; after cutting 
away about 5 in. of the projection and bolting the cornice 
together with through bolts no further leakage has oc- 


rred | curred at this part. 


The tower is at present in a good state, but unfortunately 
the portion of the hard gneiss reef on which it is founded has 
been seriously undermined and weakened by the sea; this 
appears to be chiefly due to the incessant straining of the 
laminated rock by the heavy sea-strokes on the tower. 
It has therefore been determined to erect another light- 
house, for which a good foundation has been found at a 
distance of about 120 ft. from the present tower. The 
Eddystone exhibits a fixed white light having its focal 
plane at an elevation of 72 ft. above high water, affordih 
a useful range for the mariner of abont thirteen nauti 
miles. An increased elevation of the light for a range of 
about 19 nautical miles is very desirable for extending 
the lighthouse over the Channel track and for overlapping 
the range of the neighbouring signal lights to the west- 
ward, where the electric light from the most recently im- 

roved dynamo-electric machines of Messrs. Siemens 

rothers is now being installed ; these lights will each have 
a power available of about 352,000 candles. In 1872 the 
lantern was provided with a fog bell weighing 5 cwt.; this 
bell is fixed on the lantern gallery and is sounded by ma- 
chinery placed in the lantern ; the distinctive character of 
the signal is five strokes sounded in quick succession every 
half minute. Although this was the best instrument that 
could be suggested for the limited space available it is not 
to be considered as an efficient fog signal, and a powerful 
syren signal is being provided for fog. 

Unfortunately the sea rises during stormy weather con- 
siderably above the top of the lantern, thus frequent}: 
eclipsing the light and altering its distinctive character ; 
this is a matter of much grestes importance at the present 
day than at the date of the erection of the lighthouse, from 
the enormous increase in — and the additional light- 
houses that have been established, each bearing its dis- 
tinctive character. 

Farther it is necessary that the power of this light in 
so important a position be raised to the first class and that 
it be provided with a first-class fog signal, with both of 
these requirements of sufficient power. . 

Telegraphic communication between rock lighthouses and 
lighthouses on the shore for the purpose of reporting . 
ties at sea is very desirable, if this could be accomplished 
with certainty at a moderate cost, but the difficulties which 

resent themselves appear at present too considerable to 
justify the necessary outlay for construction and main- 
tenance. 

The illuminating ap) tus of Smeaton consisted, as did 
its predecessors, of tallow candles, weighing two-fifths of a 
pound each ; these were mounted on a chandelier, with no 
optical instrament for directing their light to and con- 
centring it on the sea surface; consequently, only a small 
portion of the available light was utilised for the benefit of 
the mariner, the remainder being wasted upon the sky, also 
the roof and floor of the lantern. This is not surp’ 
when it is remembered that at that date nearly all our 
lights consisted of coal fires, and the science of lighthouse 
illumination was just dawni From experiments I have 
made with tallow candles of the dimensions of those 
adopted by Smeaton at the Eddystone, I find that their 
illuminating power was about two and four-fifths standard 
sperm candles, or English units of light ; this would give, 
as the te power of the beam from the 24 candles, 
67 stan candles. The consumption of tallow I find to 
have been about three and three-eighths eage per hour. 
At the Trinity House, Tower Hill, London, may be seen 
one of the earliest reflectors used in lighthouses. It was 
invented by William Hutchins, of Liverpool, and was first 
used there about 1763, and afterwards at Lowestoft and 
other lighthouses on the English coast. The surface of this 
reflector is approximately boloidal in form, and is 
covered with small facets of silvered glass. The reflector 
is furnished with a rude oil Jamp, having a flat wick about 
one and one-eighth inch?wide. I have measured the maxi- 
mum intensity~of the of light emitted by this re- 


flector, and find it to be about 81 standard lles ; pro- 
bably when the‘reflector was new the intensity might have 
pom Bi 100 candles, or about 36 times the intensity of the 
flame. 

In the year 1810 the Trinity House substituted 24 sperm 
oil lamps and paraboloidal re rs of silvered copper for 
the candle light at the Eddystone. These reflectors 


tracted from a formula proposed 
Huddart, F.B.S., an elder brother of the Trinity House. 
They are still used in some of our lighthouses, and are 
known as Huddart’s reflectors. By this improvement the 


intensity of the light at the ystone was raised to 
about 1125 stan candles, being about 16} times the 
intensity of the original candle light. 





were 
by Captain Joseph | 





In 1845 the Trinity House further improved this light 
by be mg ade tric ap tus of the second order of the 
8 of , the dimensions of the lantern being 
unfortunately insufficient to receive an apparatus of the 
first order ; with this ap us and its central oil lamp of 
three concentric wicks the intensity of the beam was in- 
creased to about 3216 standard candles, or 48 times the 
intensity of the original candle light. In 1872 an improved 
Trinity House lamp of dimensions was introduced, 
thus increasing the intensity of the beam to about 7325 
standard candles, or about 109 times the intensity of the 
original candle light. I may here remark that at the 
jae | Lighthouse, distant 25 nautical miles 
from the ystone, there was exhibited in 1836 the first 
be ~ apparatus on Fresnal’s system for an English 

ighthouse. 

This lighthouse exhibits a revolving light at in- 
tervals of one minute; the apparatus was replaced in 
1875 by one manufactured by Messrs. Chance Brothers, of 
cine. embodying all the most recent improvements 
and which with its improved Trinity House mineral oil 
lamp of six wicks gives & maximum intensity of flash of 
about 169,360 aerlliee: ing about 2527 times the intensity 
of the candle light origi emitted from the stone. 
This light was supplemented last year by a powerful syren 
fog signal having a range of about 2} nautical miles under 
any circumstances in the fog. It is an interesting fact that 
the large increase in the power of this light, due to the 
invention of, and aid rendered by, scientific instruments, is 
obtained at about pts of the cost per hour originally 
incurred at the Eddystone for candles. There are four 
keepers to the Eddystone, three of these are constantly at 
the lighthouse, and one on shore in rotation; they are re- 
lieved from Plymouth monthly by a steam vessel. The 
‘average annual cost of the lighthouse may be taken ap- 
proximately as follows: Wages, 2951. ; oil, 1251. ; general 
stores, 201.; annual repairs and painting, 451.; relief, 


ei Sand thdte Vimadhis Temas’ teh ing 
conclu ese cann elp express 

. this Asso- 

m’s noble structure be 


the hope in which I am sure ony of 

ciation will agree, that if Smea‘ 

taken down, as doubtless it will be after the erection of the 

intended new structure, the nation will consider it as 

beset 4 of another site on English soil as Cleopatra’s 
eedle. 


FOREIGN AND COLONIAL NOTES. 
tp Bese Tree oe cars = be 
running on venue, Brooklyn, in a few > 
will be similar to others which have worked Ford Ait 
on the Market-street line in Philadelphia. 
American Steel.—The P lvania Steel Works at 
Harrisburg have a sufficient number of orders to keep them 
ing day and night until November. They now em- 


lo: wor ple. It is computed that 525,000 tons 
of He natn von made in the United States in 1876. 
land Railways.—The Queensland Government 


intends to construct branch railways from Oxley to Been- 
leigh, from _— to Harrisville, and a line from Bris- 
bane to Sandgate. 





Kiel.—The works of the harbour of Kiel are rapidly 
approaching completion. The naval establishments con- 
structed at the port cover about 100 acres of ground. 
Three building slips have been constructed with the neces- 

machinery and es their immediate vicinity, 
pone fan one of these, the erick the Great, an iron- 
clad of nearly 7000 tons displacement, has already 
launched, while another large arm vessel is in course 
of construction on another slip. Near the slips are two 
basins, one 1700 ft. long and 1200 ft. wide, the other 
somewhat smaller. Both these basins are some 60 ft. deep, 
and their excavation was attended with considerable dif- 
ficulty, blasting having to be resorted to in some places to 
remove rocks which could not be touched by the pick or 
shovel. The docks are four in number, constructed side 
by side, and amg Dy the south end into the smaller 
basin, while along north end are rows of workshops. 
The whole of the establishment is surrounded on the land 
side by a high wall, while on the sea front stone walls and 
groins impede the wearing action of the water. 

New South Welsh Railways.—The new South Welsh 
Government red its intention to ask the Colonial 
Parliament to sanction the expenditure for the 
construction of a railway from Wallerawang to Mudgee; 
and the House has agreed to a resolution affirming that 
the terminus of the lines which now stop at Redfern shall 
be fixed at the northern end of Sydney. 

A Proposed German Railway.—A proposal has been sub- 
mitted to the German Federal Gounci for the construction 
of a railway to unite Metz and i a route some 
beds pa ee ean ye ae yar ‘liters would 
: great importance in even‘ uture mili opera- 
tions on the western frontier of the German empire. 

Rivoli Lighthouse.—The South Australian Govern- 
ment has se Penguin Island as a site for this light- 
house, which will be carried to a height of about 70 ft. 
above the sea level. The lighthouse is to be provided with 
a fourth order dioptric light. 

An Australian Torpedo.—Mr, Louis Breman, a young 
student of engineering at the Melbourne University, claims 
to hove tivdoned 0 Son torpedo. The details of this anti- 
Berns ere have ase eS cee boca but 

merit claimed for: it is that it can be steered in any 
lirecti 


Canals in Ohio.—The state of Ohio owns 800 miles of 
canals which have been leased to a company for several 
years. This sage ory! finding its unprofitable 
i notice it will give up the lease January 1, 
1878. 
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NOTES ON TORPEDOES.—No. XXI. 
Exectric Fuzes, Jomnters, SIGNALLING, &c, 


Havina shown that the apparent difficulties in 
the way of employing voltaic currents of large quan- 
tities no longer exists, we will now proceed to 
describe the forms of platinum wire fuzes approved 
for submarine ignition. Those in use at the present 
time are certainly superior in point of simplicity to 
the decidedly clumsy contrivance approved and 
sealed by the British Government some few years 
ago, which consisted of an ebonite core of some 
length cast with a peculiar shoulder 4 in. in diameter, 
to fit into a corresponding slot in the opening of 
the torpedo case. A couple of insulated copper 
wires of No. 16 B. W.G. were fixed ths of an inch 
apart, and water-tight, through this ebonite core, 








the left-hand figure being the form employed for ordi- 
nary ignition ; it consists of an ebonite body, about 
$in. in diameter and } in. long, through which project 
the bare extremities of two insulated copper wires 
forming the “ poles” of the fuze ; these extremities, 
having been carefully tinned to prevent corrosion, 
are connected by means of a platinum wire bridge, 
about jin. long and yeynin. in diameter, soldered 
to them; a film of gun-cotton is finally placed in 
contact with the platinum wire bridge‘and a charge 
of fine-grain rifle powder or gun-cotton powder in a 
small ebonite covering cap, which cap is made to fit 
down on to a suitable shoulder on the ebonite body, 
the faze being then ready for use. A is the ebonite 
body, B B the insulated conductors, C the platinum 
wire bridge, and D the ebonite covering cap for 
containing the bursting charge of gunpowder. 
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the bare ends protruding at the inner end of the 
core were connected by a thin platinum wire bridge, 


soldered on to them, which formed the bridge of: 


the fuze. A cap protected this bridge from injury 
and enclosed the priming charge, which, for ordinary 
ignition, consisted of gunpowder, or, when it was 
desired to produce detonation at the moment of 
ignition, of fulminate of mercury contained in a 
strong case. The outer terminals of the copper 
wires were arranged for attachment respectively to 
the electric cable and to earth, as in the more im- 
proved patterns, and insulated with vulcanised india- 
rubber. This vastly cumbrous and costly fuze was 
inserted in the 4in. opening of the torpedo case, 
which had to be furnished with slotted shoulders, 
on which the corresponding shoulder of the fuze 
could rest, with an india-rubber packing between ; 
a circular screw, used for forcing the shoulders 
together, rendering the interior water-tight. Of 
course, the objectionable proportions of this fuze 
precluded the use of more than one for each in- 
dividual charge, thereby adding to the chances of 
failure and testifying to the departmental exclusive- 
ness so tenaciously adhered to by the “Chatham 
School,” excepting in the selection of batteries, 
electrical machines, and cables. True the great 
superiority of the fuzes manufactured by Captain 
McEvoy, of the London Ordnance Works, was so 
decided as to induce the Government to adopt them 
intothe service ; but a solicitation from their inventor 
that some recognition might be awarded him was 
sufficient to inhibit their use, and led to the intro- 
duction of the present approved form, which, in 
point of neatness and efficiency, leaves scarcely any- 
thing to be desired. 

,_ The pattern of platinum wire fuzes in present use 
in the British service is shown in section in Fig. 135, 


























The other form represented differs only from 
that described above in respect to the covering cap 
employed, which in this instance is long and taper, 
for action with Professor Abel’s gun-cotton discs ; 
the cap or tube is usually about 2}in. long. Referring 
to our illustration, A iis the ebonite body, B B the 
insulated conductors, C the platinum wire bridge, 
and D the tubular ebonite cap. Fig. 136 shows the 
form of fuze employed when discharging heavy 
ordnance by electricity ; it is almost precisely the 
same as that shown in Fig. 135, the only difference 
being that the tube is longer and tapered to a finer 
point, to allow of it penetrating the breech of the 

un, and the outer portions of the insulated con- 
, sae dow project at right angles to the tube. 

Fig. 137 represents a sectional view of one of the 
cheaper class of tension fuzes; it consists simply of 
a small wooden cup through the lower end of which 
pass two small copper tubes, the distance between 
the tubes being 0.06in. which is filled up with 
some of one of the mixtures already referred to as 
being used for tension fuzes; the cup is then 
primed with a bursting charge of gunpowder, and 
finally plugged with gutta-percha. The object 
in fitting the fuze with two copper tubes is to ob- 
viate the necessity for employing the projecting 
insulated wires used in most other forms of fuzes, it 
being apparent that the bared extremity of any con- 
ductor could be readily passed through the tubes 
and secured by simply bending it over, A is the 
wooden cup, B B the copper tubes, C the explosives, 
and D the gutta-percha plug. 

Fig. 138 is a sectional view of Professor Abel's 
tension detonating fuzes. These fuzes having been 
already alluded to, we shall dismiss them with a brief 
notice of their respective parts. A is the wood 
body of fuze, B detonating composition, C fulminate 





of mercury, and D a disc of compressed gun-cotton 
in which the fuzes are inserted, Fig. 139 is a plan of 
the fuzes, showing connexion. 

Fig. 140 is a perforated zinc guard employed to 
protect the fuzes and gun-gotton disc from injury 
when inserted in charges of gun-cotton. Its di- 
mensions are 2? in. in diameter, and 5} in. extreme 
height, and is constructed of sheet zinc 22 B.W.G. 
The guard is affixed to the upper extremity of an 
ebonite fuze-piece of some length, whereby it is 
projected well into the centre of the charge. 
igs. 141 and 142 show in plan and elevation the 
form of firing keys usually employed for closing 
at will the electrical circuit corresponding to any 
particular charge. The number of keys must, of 
course, vary in accordance with the number of 
charges to be controlled. Referring to our illus- 
tration, A is a wooden or ebonite base, B B wooden 
feet, C ebonite block, D brass terminal, E. brass 
spring, F ebonite key-head, G platinised contact 
point, ani H “earth” terminal. 

Fig. 155 is a sectional. view of Captain C. A, 
McEvoy’s platinum wire fuze, The electrical point 
of ignition is introduced within a solid impervious 
air-tight cap. The whole case, which is extremely 
small, is made from a composition of sulphur, 
ground glass, and send, with sometimes plaster-of- 
paris, to which is added a little colouring matter. 
This compound, which was partly used by Baron 
von Ebnor in his fuze, is run, in a molten state, into 
the requisite moulds, which are cylindrical in form, 
with a cylindrical cavity for the wire priming, &c. 
Copper connexions and the platinum wire are 
inserted in the mould, and are thus embedded in 
the material. When charged the mouth of the 
cavity is closed by a plug of the same material and 
hermetically sealed, so as tobe imperviousto moisture. 

Perhaps in no instance has the departmental ex- 
clusiveness, before alluded to, been carried to a 
greater length than in the selection of jointers— 
contrivances for expediting the making of tem- 
porary water-tight joints, The importance of 
possessing some appliance by means of which con- 
nexion between two insulated conductors could be 
readily effected and at the same time perfect insula- 
tion guaranteed, early recommended itself to the 
notice of Captain C. A. McEvoy, who immediately 
set .to work to devise some means by which this 
desideratum could be accomplished. The result of 
his attention to this particular was no less than 
might have been expected from so fertile an in- 
ventor, as the elaborate series of jointers that have 
been patented by him from time to time sufficiently 
testify. When he had succeeded in perfecting one 
of his early form of jointers he submitted it for the 
approval of the British Government, who, however, 
would not entertain it, although nothing approach- 
ing it in point of efficiency was at that time in use 
in the service. To all seeming the officials, not- 
withstanding their rejection of Captain McEvoy’s 
jointer, were fully alive to the importance of possess- 
ing some ready means by which temporary water- 
tight connexion between two conductors could be 
effected. a when some short time later 
Quarter-Master Sergeant Mathieson, of the Royal 
Engineers, submitted a design for a jointer to the 
chiefs of the ‘‘ Chatham School,” it was decided that 
one should be manufactured after the proposed 

ttern, and a practical test made as to its efficiency. 

his was accordingly done, the results were satis- 
factory, and the invention passed to a place amongst 
the approved appliances, while the presumable 
inventor received a recognition from the Govern- 
ment as the reward of his ingenuity. We use the word 
es ome it is stated that the jointer 
turned out of the hands of the mechanician was 
scarcely recognisable by its originator. 

Figs. 143, 144, and 145 are sectional, external, 
and end views of one of Captain McEvoy’s early form 
of ebonite jointers. The ebonite body A A of the 
jointer is made in two parts and screwed, the act 
of screwing them together causing the india-rubber 
washers B B to compress tightly, the insulating 
covering of the wires passing through them; the 
compression served to relieve the joint of any 
strain, and to prevent water finding its way to 
the brass terminals C C, to which are connected the 
bared ends of the copper conductors, 

Figs. 146, 147, and 148 are sectional, external, 
and end views of Mathieson’s ebonite jointer; tle 

rinciple is the same as McEvoy’s, although it 
sitters somewhat in detail, The two parts of the 
ebonite body A A are in this case connected by means 
of a hollow hexagonal nut tapped on the inside to 





suit a corresponding thread on one half of the body, 
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a other half being drawn down by means of a 

resting within a diaphram on the hexagonal | 
tn C C are two india-rubber washers, and D 
an ebonite cylinder for retaining them in position. 
The two insulated conductors to be united are led 
into the jointer by the small openings EE, and 
through the india-rubber washers C C, the ex- 
tremities of the wires being bared and merely 
twisted together, or twisted and soldered, according 
as the exigencies of the case may permit, previous to 
the bringing together of the two halves of the 
jointer, the tightening up of the nut B serving to 
compress the india-rubber washers C C, and so 
render the interior water-tight. 

In Figs. 155 and 156 are shown a sectional and end 
view of McEvoy’s simpler form of jointer ; like those 
previously described, it is manufactured entirely of 
ebonite. It consists of an ebonite cylinder with 
loose ends, also of ebonite, screwed into it, 
an india-rubber washer resting against the inner 
face of each of these ends. When it is desired to 
effect a water-tight junction between two insulated 
conductors, the screw ends AA are slackened and 
the jointer threaded on to one of the conductors 
that are to be united, about 1} in. of the wire of 
each conductor is then bared, and the two are tightly 
twisted together ; when this ‘is satisfactorily accom- 
plished the jointer is drawn over the union in the 
manner shown in the figure, and the two ends A A 
tightened well up, thereby causing the india-rubber 
washers B B to grip the conductors, and so render 
the connexion water-tight. The obvious neatness 
of this contrivance must recommend itself, it there- 
fore only remains for us to add that its efficiency i is 
on a with its simplicity, 

A little contrivance similar in form to the jointer 
illustrated by Fig. 155 —of which indeed it may be 
termed a modification, the only difference being that 
one end of the tube is in this case hermetically 
sealed—is employed for insulating the extremities of 
conductors when occasion requires. 

Figs. 153 and 154 are a sectional elevation and 
plan of a case for containing explosives. It is con- 
structed of copper, No. 18 gauge, tinned inside and 
flamished out, and fitted with a gun-metal mouth. 

It is of the utmost importance that an efficient 
code of signals should be established if the control 

of a system of submarine mines is to be conducted 
with any degree of success ; without strict attention 
is given to this particular, torpedoes are likely to) 
prove as dangerous to friends asto enemies. ‘There 
would of course be little or no danger to friendly 
vessels during the day-time when pilots were at 
hand to guide them safely through the labyrinth of 
electrical and mechanical torpedoes; the danger 
would be to a vessel endeavouring under cover of 
the darkness to gain the refuge afforded by the forts 
of the blockaded harbour, In the British service 
it is proposed to employ Walker's patent lime light 
for night signalling at torpedo stations, and flags 
for day signalling, the Morse ~ aye which is as 





; wiped being the —s code sequen’. 
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The following i is the manner in which this code of 
signals is communicated by means of flags. A man 
is stationed at a point where he may be clearly ob- | 
served by the person or persons to whom the 
message is to be transmitted ; he bears in his hand a 
small flag, which he holds in an upright position ; to | 
signify a dotthe flag is dipped to the left atanangle of 
45 deg., to signify a dash it is dipped fo an angle of 
90 deg., and to signify the conclusion of a word it is 


di to the right. 
he lamp used for night signalling is shown in 
Fig. 149; it is constructed chietly of copper, and | 


is provided with very powerful lens for concentrating 
the rays generated by the spirits of wine, lime 
pencil, and oxygen gas, and thrown forward by the 
reflector. Between the light and the lens a circular 
metal disc is introduced, which, when at rest, 
prevents the radiation of light from the lens, but 
when raised — which is effected by ing a spring 
key at the side—the full force of the ight is reflected, 
and is so intense as to be observable from some 
miles distant; it is by means of this alternate 
darkening and brightening of the lens that night 
are transmitted, a momentary interval of 

light siguifying a “dot,” and a slightly prolonged 
interval a ‘‘dash.” Referring to the illustration, A 
is the spirit reservoir, B the lens, C the small spring 





| key for operating the light screen, or transmitter, 
D the lantern door, E the cock for regulating the 
supply of oxygen to the burner, and F a small port 
for supplying the reservoir with spirit. The re- 
gulating tube for holding the lime pencil, which is 
placed at right angles to the flame, does not appear 
in the figure, owing to its being situated at the back 
of the lamp. Fig. 150 is an air-proof bag for con- 
taining the supply of oxygen, Fig. 151 retort 
employed in the manufacture of the gas, and 
Fig. 152 the wash-bottle, used to purify the gas 
previous to its admission into the gas bag. 

To manufacture oxygen gas the copper retort A 
must be about half filled with a mixture of chlorate 
of potash and peroxide of manganese, and placed 
over a slow fire, the outlet B being connected to 
the inlet A of the wash-bottle by means of an 
india-rubber tube, and from the outlet of the water 
by means of a second india-rubber tube to the cock 
on the gas bag. 


THE PENNSYLVANIA RAILROAD. 
No. XX XVIII.—Locomorives—(continued). 
Tue following Table gives in complete detail the 
number of hours labour bestowed on one Class 
‘“*C” bituminous locomotive, 17 in. by 24 in. 
cylinders, four coupled driving wheels 62 in. in 
diameter, and weighing 29.80 tons. ‘The Table also 
includes the construction of tender weighing about 
10 tons. The total cost of labour on this work 
being 2600.05 dols., or 473/. 8s. 6d., by dividing this 
sum by the total number of hours, 16,284, the 
average rate of pay will be found at 15.96 cents, or 
6.97d. per hour. ‘The detailed amounts have been 
calculated on this basis. 
TaBiz No. XIX.—Hours Labour on one Class ‘* C”’ 
Bituminous Locomotives, 1876. 
SmitH SHop. 


























Frames. 
‘ hours. dols 8. 
Main frames .. 00 74.15 270.09 
Front ends ... , 125.00 19.85 73.60 
Intermediate braces 59.00 9.41 34.27 
Cross braces .. - 38.00 6.06 22.07 
Pedestal ca one 32.00 5.11 18.59 
Back of braces a” 19.00 3.03 11.08 
Pads ... wii 23.00 3.56 13.86 
Clamps and clamp liners ... 44.50 7.37 25.78 
Totals ... hours 805.50 $128.54 £2394 
Firebox frame 81.00 12.93 48.05 
Smokebox ring 35.00 5.58 20.33 
Tail piece... 5.00 0.79 2.90 
Pulling bar ... 9.00 1.44 5.22 
Collars for driving axles 11.20 1.75 6.50 
Totals ... hours 141.20 $22.49 £430 
B 
For centre of smokebox and 
pilot 9.00 1.44 5.22 
Main brace for pilot ove 39.00 6.24 22.65 
Braces for smokebox 58.50 9.35 34.20 
Back boiler braces ... ‘ 62.00 9.89 36.51 
Cross braces for pilot es 17.00 2.71 9.87 
Heels for back boiler braces 8.00 1.28 4.65 
Braces for injector 2.00 32 1.16 
— for — and ‘smoke- 
7.00 1.12 4.06 
Lone wn A for footboard 9.00 1.44 5.23 
a o 16.00 2.55 9.29 
Dome braces .. 7.00 1.12 4.06 
Totals ... hours 234.50 $387.46 £61511 
Springs and t Spring Rigging. 
Driving springs __.... 59.00 9.42 $4.27 
Spring stirrups 76.00 12.13 44.14 
Posts for equalising beams 12.00 1.91 6.97 
Equalising beams 50.00 7.98 29.04 
| Spring a 33.00 5.27 19.17 
sinks . 10.00 1.59 5.80 
| Gibs .. 5.50 87 3.15 
Totals ... hours 245.50 $39.17 £726 
Rods. 
Main rods on 28.00 4.47 16.26 
Parallel vols. 20.00 3.19 11.61 
Rod stra: “ ove 41.00 6.56 23.81 
Keep ketholders and bolts... 58.00 9.25 33.79 
Totals ... hours 147.00 $23.47 £4 5 5 
Link and Valve Rigging. 
Back halves of eccentrics . 30.60 4.78 17.50 
Eccentric rods ove A 38.00 6.06 22.07 
Links ... exe -~ - 31.00 4.95 19.00 
Link blocks and pins 3.00 48 1.75 
»» hangers one 11.00 1.75 6.39 
Rocker arms... 106.00 16.91 61.57 
Lifting shafts 76.00 12.13 44.14 
Valve rods on oll 6.00 96 3.48 
yokes... on ove 35.00 5.58 20.33 
Reach rods .... ot © 42.00 6.70 24.39 
Reverse lever . 19.00 3.03 11.04 
» foot-step a 2.00 32 1.16 
Totals ... hours $399.00 $63.65 £11129 


























hours.  dols. 8. 
Guide yoke ... ose ove 56.00 8.93 32.52 
uides “ 16.00 2.55 9.30 
Guide stem blocks - 21.00 3.35 12.26 
Piston rods . 4.00 61 2.32 
Totals hours 97.00 $15.44 £2165 
lean 
Centre box ... 9.00 1.4 5.23 
Angle framing - 11.00 1.76 6.38 
Side braces ... - 4.00 64 2.32 
Bull nose “ 69.00 11.02 40.82 
- braces ose 20.00 3.19 11.66 
Totals ... hours 113.00 $18.04 #£358 
Cab-step hanger... eco 8.00 1.28 4.64 
Feed-pipe hanger . pe 7.00 1.12 4.06 
Lift pipe braces ean 4.50 -72 2.62 
Clamps for ary pipe 4.00 64 2.32 
99 stage... 5.00 80 2.90 
Totals hours 28.50 $4.56 s.166 
Setting Work on Engine. 
Footboard braces 14.50 2.23 8.12 
Front boiler braces... 31.00 4.95 18.00 
Back boiler braces ... ee 12.00 1.92 6.96 
Eccentric rods and sinks ... 23.00 3.67 13.36 
Frame pads .., eos ont 8.00 1,28 4.64 
Truck braces 8.00 1.28 4.64 
Totals hours 96.50 $15.33 £2159 
All bolts 317.00 $50.59 £9 25 
Miscellaneous Forgings. 
Reverse, throttle, safety 
valve and cab-rigging 86.00 13.73 49.95 
Damper and grate rigging .. 24.00 3.83 13.94 
Miscellaneous small rods ... 18.00 2.87 10.40 
clamps 12.00 1.91 6.96 
Pins, ‘keys, and gibs 36.00 5.75 20.91 
Studs ... sad 9.00 1.44 5.22 
Safet chains and hooks pes 13.00 2.07 7.54 
Handrail columns ... 17.00 2.71 9.86 
Smail springs 7.00 1.12 4.06 
Centre for pump plungers ... 6.00 -96 3.46 
Miscellaneous small forgings 53.00 8.46 30.78 
Totals ... «»» hours 281.00$44.85 2£830 
Forgings for Truck. 
Bridge braces ‘ ove 5.00 80 2.90 
Braces ove eee ani 10.00 1.60 5.80 
Cradles cae ia aco 57.00 9.09 $2.80 
Frames en 66.00 10.58 38.34 
Pedestals ° ie eve 61.00 9.72 35.43 
Pedestal braces en eve 20.00 3.19 11.61 
Equalising waame : 43.00 6.86 24.97 
Pins ee 8.00 1.28 4.64 
Angleirons ... 5.00 80 2.90 
Links ... oe 4,00 .64 2.32 
a pins ... 8.00 1.27 4.64 
5.00 .80 2.90 
Misoslianeous small pieces... 7.00 1.15 4.06 
Truck springs ice 31.00 4.97 18.07 
Totals ... hours 330.00 $52.80 £9122 
—— for Tender. 
Springs _ -, 66.50 10.61 38.66 
Other forgings 194.00 30.80 119.01 
Totals ... hours 260.50 $41.41 £7178 





Total labour in smith 


shop hours 3495.20 $557.63 £101186 
Borer SHopP. 
Boiler. 
Laying out nay ‘ 120.00 19.15 69.60 
Rolling 130.00 20.74 75.40 
Punching 160.00 25.53 92.80 
Flanging... $20.00 51.06 185.60 
Machine rivetting (steam). 80.00 12.76 46.40 
Hand rivetting 400.00 63.84 232.00 
Stay bolt Gulteg — 90.00 14.36 52.20 
Caulking 250.00 39.90 155.20 
Fitting, scarfing, and round. 
aa 260.00 41.48 150.80 
Drilling fine-sheet .. ove Pe 40.00 6.38 23.20 
” rings, ome 
braces, — . S000 796 2.50 
Cutting crown and brace 
bolts eae 20.00 3.19 11.60 
Ps stay bolts a 60.00 9.57 34.60 
T an bolts 
— mine eee put- 150.00 87.00 
Putting on OD 80.00 12.76 46.40 
braces crown 
— 180.00 2872 104.00 
Fi tain zand atti on crown 
—. ot Nie 50.00 867.98 29.00 
Fi ie and tting on fre. 
cane Sm tB BS 
Fit ‘and onT-iron 4. 
ring d puiiogee T toon 70.00 11.17 40.60 





Totals ... hours 2580.00 $411.68 £7560 
Total hrs. on tank cistern 572.00 $91.29 £16130 


Total hrs. in boiler shop 3152.00 $502.97 £91100 
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LaTHE SHop. (Rate -—" > hours. dols. 8. hours. ols. 8, 
Bell, yoke, frame, and crank s. |Pump barrel... .. ... 10.00 159.60 5.80 |Eccentricand straps .. 21.00 3.35 12.19 
complete 163, ry 5.95 Top chamber ... “ 2.25 35.91 1.31 | Throttle lever me oe 39.00 6.22 22.65 
Boiler ly ‘complete, with ene chamber = 3.25 51.87 1.89 | Guides oon . 17.00 2.71 9.86 
casing 159.60 5.80 _— - ove 7.25 115.71 4.21 | Pump ... see » 24.00 3.83 13.94 
Bridge pipe complete 175.56 6.38 io ke 4.50 1.82 2.62 Feed re tor ‘. 24.00 3.83 13.94 
Blow-off cock 4.00 63.84 2.32 Gland bushings and Boiler check .. 14.00 2.23 8.12 
Blower valve.. 7.00 111.72 4.06 studs ... 1.50 23.94 88 Steam gauge stand .. . 16.00 2.55 9.28 
Bull nape 4.00 63.84 2.32 Valve, cage, and seat .. 7.00 111.72 4.06 |Domecap ... oll oe 6.00 96 3.46 
Bolt turning 224.00 3575.04 129.92 Studs, nuts, joints, &e. 3.50 55.86 2.04 | Wheel covers che ‘el 36.00 5.74 20.07 
,, centering 27.50 438.90 15.96 Pedestal caps re ooo 18.75 299.25 10.85 Whistle 1.00 16 .58 
Cylinders ie .. 160.50 2561.58 93.10 Wedge bolts... a 6.50 103.74 3.76 | Working and handling work 94.00 15.00 54.60 
Heads, front ... ove 8.00 127.68 4.64 | Port cocks (cylinder) eee 9.00 143.64 5.22 
3» back... «+ 16.25 259.35 9.43 | Pet cock and rigging 3.50 55.86 2.04 Total hours in viceshop 1158.00 $184.74 £33 118 
» casings, front 12.50 209.50 7.26 | Reach rod, jaw, and bolts ... 16.75 267.33 9.73 
- »» bac 12.00 191.52 6.96 | Reverse lever oo» 10.00 159,60 5.80 WHEEL SHoP 
as » studs 4.25 67.83 2.47 Handle, catches, &. ... 8.50 135.66 4.94 oa = 
va - nuts Rack, —s and fer- Driving Wheels and Acles. 
washer, and pins... 7.00 111.72 4.06 rules, &c. ees 10.00 159.60 5.80 Boring tyres .. 20.00 3.19 11.61 
Cocks ese iia 8.00 127.68 4.64 | Rods, main ose ; 67.00 1069.32 38.66 | Turning, boring, and facing 
Cock rigging eve 6.00 95.76 3.46 “ om a 21.50 343.13 12.48 driving centres .. 32.00 5.10 18.56 
Crossheads ... ae oN 76.00 1212.96 44.08 ee key, front 5.00 79.80 2.90 pa md and fitting driving 
Crosshead pins coe rom 9.00 143.64 5.22 pee ‘ » back 4.50 71.82 2.62 axles 20.00 3.19 11.61 
a washers ... - 1.75 27.96 1.03 »» brass, front 9.25 147.63 5.37 — and fitting two main 
 — . « —— a 3.61 > ae 20.00 31920 11.61 22.00 3.50 12.76 
Cab lamp, complete... ~ 4.00 63.84 2.32 >» key bolts 6.50 103.74 3.76 Turning and fitting two back 
,, step hangers =r 2.50 39.90 1.40 »» liner front nee 5.25 83.79 3.05 11.00 =-1.75 6.36 
Connexions ... os 41.00 654.36 23.78 »» key bridle ons 6.50 103.74 3.76 Planing keyways i in ‘axles .. 4.00 64 2.32 
Drilling (miscellaneous) 28.75 458.85 16.67 » bridle studs... 1.00 15.96 -58 | Slotting keyways in wheels 2.00 32 1.16 
Dome cap) ww ee ive 2.00 3192 1.16 Parallel ... ost “ 82.75 1320.69 48.01 | Quartering driver centres ... 6.00 96 3.46 
3 «COP din ee 2.75 43.89 1.61 » ‘Strap, front . 17.50 279.30 10.10 |Shrinkingtyres_... eee 8.00 1.27 4.64 
> COPTING we = ave 2.00 31.92 1.16 ~ »» back w«. 23.75 379.05 13.79 | Mounting axles and putting 
ie bottom ; ring 2.00 31.92 1.16 “A keys, front ... 8.75 59. 2.19 on crank pins on hydraulic 
Dry pipe, joints, elbow, &c. 6.00 95.76 3.46 a 5» back ... 7.00 111.72 4.06 press SR al: gi 4.00 64 2.32 
Driving boxes jad 53.00 845.88 30.74 i >, bolts 5.50 87.78 3.20 Leading counterbalances ... 2.00 1.16 
o —a — on P= 4.79 = . a — &e one apy a 
em »» Shoes ... eve 0. 159.60 5.80 99 rass, front ... ‘i A ‘ aes 
ys wedges == 11.00 175.56 6.38 “ » back «. 15.25 243.39 8.85 : Hngine Truck Wheels and Aales. 
Drop grate rigg' ing « 3.00 47.88 1.74 ‘a six oilcaps «. 10.50 167.58 6.10 | Turning and fitting for axles e 00 96 3.46 
Draft iron ... 2.00 31.92 1.16 »  twooilcaps... 2.00 31.92 1.16 | Bormgfour wheels... .. 2.00 32 1.16 
pins 5.00 79.80 2.90 | Rocker arms . a» 82.75 522.69 19.01 | Boring, facing, - tapping 
Nuts for pipes’ in firebrick Bearings , os 34.50 550.62 20.02 axle collars 8.00 1.28 4.64 
arc 18.00 287.28 10.04 Oil cap covers ... pee 4.00 63.84 2.32 
Smokebox front door 7.00 111.12 4.06 | Relief valve and rigging ... 3.00 47.88 1.74 Tender Wheels and Aales. 
Equalising posts 3.75 59.85 2.19 | Smokebox braces ons 7.75 123.69 4.51 Turning and fitting four 
m beams ... 11.00 175.56 6.38 Rings «. ons ove 11.00 175.56 6.38 it 5.00 80 2.90 
Eccentric, wrought - iron Liners... 1.00 15.96 58 Borhut eight wheels” fa 1.00 16 : 
halves 7.75 123.69 4.51 | Sand-box and rigging com- Mounting engine and tender 
Cast-iron ‘halves, includ- plete ee ate 22.00 351.12 12.76 track axles.. J ne 3.00 .48 1.74 
ing finishing complete - Steam pipes ... ou on ey as = 
eccentric ‘iin ose 47. 762.09 s Po os jOimts ae. ove .00 9. i : ¥ Y 
Straps 20.00 319.20 Steam chests... .. 1400 223.44 gig | Tent bomsinwhedciep 20000 18608 SERRA 
Keys a ad ‘ii 3.75 59.85 \ Lids ae eee eee 6.00 95.76 3.46 
Rods... ow ww 1.50 28.94 stan me w «(7.00 111.72 4.06 Erecting Suor. 
Rod bolts ene i 5.00 79.80 : bushings, and Fitting cylinders, heads, 
Rod jaws es oe 33.00 526.68 19.14 ds .. sis 7.00 111.72 4.06 ports, frames, braces 
Rodpins... ... «. 425 67.83 2.47 | Screw Soins ee ~~ 60.50 965.58 34.90 | pedestal, caps, wedges and 
Studs Be ies 6.00 95.76 3.46 | Spring stirrups ove 18.25 291.27 10.55 shoes, cab brackets, tail 
Set screws ooo sa 8.00 127.68 4.64 Bands and pockets “a 2.50 39. 1.46 piece, foot-plates, spring 
Oil caps... hid ose 2.00 31.92 1.16 Tail piece 12.25 195.51 7.11 goat, toe footsteps and foot- ' 
Exhaust nozzle oe ase 1.50 23.94 -88 Tallow connexion (on steam rd brackets, reaming 
Exhaust box... 2.25 35.91 1.31 chest) eee as ove 7.00 111.72 4.06 and fitting bolts, all before 
Foot plate... “<< i 15.25 243.39 8.85 | Tallow pipe unions ... 2.00 31.92 1.16 erecting engine o» 426.00 67.99 247.44 
Flag stands ... iad eee 7.50 119.70 4.36 »» Cups on bridge pipe 11.00 175.56 6.38 | Fitting and erecting dry 
Frames, main os 51.00 813.96 29.58 pipe mle eee ote 1.00 15.96 .58 pipe, steam pipes, upright 
Front ends és 59.00 942.44 34.22 Tee head one 4.75 75.81 2.77 pipe, throttle chamber, 
»» cross brace 10.50 167.58 9.28 |Tankcock ... lan ole 1.50 23.94 .88 valve, &c., exhaust-box 
Intermediate braces 48.50 774.06 28.14 | Truck boxes ... 40.00 638.40 23.20 and nozzle, smokebox 
Back end “a ose 18.50 295.26 10.70 Frame ... 7.00 111.72 4.06 front and door stack base 
Expansion braces 3.00 47.88 1.16 Centre plate 7.75 123.69 4.51 headlight brackets, mud 
‘ads a ia ove 12.25 195.51 7.11 Swing centre 3.50 55.86 2.04 lugs, dome caps, spring 
Clamps ... 4.00 63.84 2.32 Pedestal jaws 51.00 813.96 29.58 ce, and relief lever 
Foot-board brackets 3.00 47.88 1.16 99 caps... 2.25 35.91 1.31 blow-off cock é6e 405.00 64.64 235.24 
Feed regulator (complete) .. 5.50 87.78 3.20 Swing centre links 3.25 51.87 1.89 | Sandbox and fitti com- 
>> Pipe cock ; 11.75 187.53 6.83 A pins ae 5.00 79.80 2.90 lete, bell sta %, pee 
99 99 saaprens and clamps 1.75 27.96 1.03 Spring hanger links 2.25 35.91 1.31 die, han Tass 
Guides on ape 92.00 1468.32 53.36 ” pins 3.50 55.86 2.04 cab fixtures, cocks, pipe 
Yokes... eee om 29.75 474.81 16.82 Equalising — 5.50 87.78 3.20 connexions, &c., injector 
Blocks ... _ eco 32.50 518.70 18.84 Cradle 5.25 83.79 3.05 oe of undiien i aad = 
Block washers ... ° 450 71.82 2.62 brace eco 0.75 11.97 45 
Oil caps . ‘ 6.00 95.76 3.46 Throttle gland 4.50 71.82 2.62 Bitte ‘and pio ~ ya «+ 806.00 48.83 177.78 
Head light brackets 0.25 3.99 15 Stuffing-box 4.25 67.83 2.47 |Steam chests, lid joints, 
Cab brackets ove 14.00 223.44 8.12 Studs ... 2.00 31.92 1.16 studs, glands, casin 
— column > and Stand pipe - braces... 3.50 55.86 2.04 slide valves, and v; ve 
11.00 175.56 6.38 ann cad ¥ 3.25. 51.87 1.89 yokes. All fitted... «» 270.00 48.09 157.00 
Handrail, handle jaws, and 5.75 91.77 3.35 | Fitting cylinders to smoke- 
acorns ... ine 3.25 51.87 1.89 resght rod and crank 2.25 35.91 1.31 x, hanging frames, 
Handrail tees 12.00 191.52 6.96 Straight rod and jaw . 5.50 87.78 3.20 erecting cross 4 
Acorns, tees, and studs for Lever link, rack, and pins 8.00 127.68 464 expansion plates, Pree 
head light board 7.50 119.70 4.36 Gland bolts and studs... 3.00 47.88 1.74 frame, clamps, tting 
Hase nuts and sleeves pee 2.00 31.92 1.16 | Slide valves ... os ae 12.00 191.52 6.96 driving-boxes on journals, 
Injectors, studs, and unions 1.50 23.94 .88 Rods 14.50 231.42 8.42 hanging guides and guide 
Links (for valve epennend a 80.50 1284.78 46.70 Rod nuts (hexagonal) . 7.75 123.69 4.51 yoke, P pump eccentric keyed 
Bridles (link) ihe, 13.50 215.46 7.84 - und) 3.50 55.86 2.04 on axles, engine put on 
ers 4, viet ia 1.50 23.94 .88 Rod pins ‘ie oe 4.75 75.81 2.77 wheels, reverse lever rack 
Link dies ove inn 20.50 327.18 11.91 Yoke... ooo 6.00 95.76 3.46 and left shaft spring Peek 
2 99 plates... sad 4.75 75.81 2.77 | Safety valve (Richardson) ... pee 5.50 87.78 3.20 footboard brackets, 
o See. “a 2.75 43.89 1.61 .| Tank valves and seats com- and front braces, dome 
Lifting shaft... 12.00 191.52 6.96 plete ‘a 4.50 71.82 2.62 case and base links and 
aring . 8.25 131.67 4.79 Whistle complete ooo 9.00 143.64 5.22 connexions, and 
Link den 19.25 307.23 11.17 draft iron, _Tocker-boxes, 
pin 2.50 39. 1.46 Total hours in lathe shop 2695.10 $430.12 £7854) counter spring, cylinder 
Shaft's ae drum 10.75 171.57 6.25 head casings, pilot and 
Mudplugs we 250 39.90 1.46 Vicz SHorp. (Rate 17c.) bumper, driving and track 
Number plates 1.00 15.96 58 a and Finishing. wheel covers, valves set, 
Piston rods... 14.25 227.43 8.27 |Mainrods . ove «+ 161.00 25.69 93.51 and the il work of 
Spiders ... 16.00 255.36 9.28 | Parallelrods ... ass eos 208.00 33.20 120.81 erecting the engine .» 1248.00 199.18 724.28 
Followers ie pa 7.50 119.70 4.36 Crosshead pistons ... . 126.00 20.11 73.17 Flues fitted, water grate, 
Follower bolts .. ae 4.50 71.82 2.62 | Links (for valve motion) 153.00 24.43 88.87 and all wrought-iron pipe 
Spider pins es 1.25 19.95 .73 ker arms and 50.00 8.14 29.62 work vie «» 178.00 28.40 103.39 
Inside rings... Hf 2.00 31.92 1.16 | Reverse lever id abe 69.00 11.01 40.08 | Caulking flues oe «+» 102.00 16.28 59.24 
+e >a ont ove 7.50 119.70 4.36 —— a. eee aso ose ae = ae Truck complete dis «» «126.00 20.05 73.26 
ushing rings ... 2.50 39.90 1.46 ifting shafts om ae J J , 
Gland studs 3.75 59.85 2.19 'Valverods .. .. ow» 18.00 - 2.81 10.40 | Total hours in erecting shop 3061.00 $488.46 £8815 9 
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Tin Suop. (Rate 17c.) 


hours. dols. 





8. 
Boiler jacket ... 58.00 9.26 33.64 
linder jackets _... 5.00 80 2.90 
heel covers (drivers) 81.00 12.93 46.98 
* (truck) ese 6.00 .96 3.46 
Dome top ae ‘ie 27.00 4.31 15.68 
“a Bd 10.00 1.60 5.80 
Sand box casing 12.00 1.91 6.96 
Stack oan 30.00 4.79 17.40 
k arrestors 10.00 1.60 5.80 
Lift pipe we din 19.00 3.03 11.02 
Pump pipe (copper) ... 33.00 5.27 19.14 
Injector pipe (copper) 25.00 3.99 14.52 
Heater om 9 9.00 1.44 5.22 
Cab roof 9.00 1.44 5.22 
Blower pipe ... 4.00 64 2.32 

Total hours intin shop 338.00 $53.97 £916 0 

CARPENTER SHOP. 
a av ae |) 34.60 124.88 
Pilot (wood) ... 70.90 11.17 40.60 
Footboards ... ; a 30.00 4.79 17 40 
Lagging boiler cylinder and 

come fel bel eco 20.00 3.19 11.61 
Bumper o 10.00 1.59 5.80 
Tank frame ... 65.00 10.37 37.92 
trucks ... 80.00 12.77 46.40 


” 





Total hours in carpenter shop 490.00 $78.48 £1447 
Extra ATTACHMENTS. 


Water scoop complete 530.00 84.59 307.40 
Air brake... ene 311.00 49.63 180.60 
Driver and brake 422.00 67.35 245.40 
Air reservoir... 60.00 9.57 34.60 





... 1823.00 $211.14 £3880 
RECAPITULATION. 


Total 


Total hours. £ 4.4. 
Smith shop ew 3495.20 557.63 101 18 6 
Boiler es 3152.00 502.97 9119 0 
Lathe , ° «» 2695.10 430.12 78 54 
Vice - 1158.00 18474 3311 8 
Wheel ,, ove «- 156.00 24.88 4107 
Erecting shop ... .. 8061.00 488.46 8815 9 
Tin shop esi . 888.00 5397 9160 
Carpenter shop... 490.00 7848 14 47 
Paint shop eco 412.00 67.66 11191 
Extra attachments 1323.00 211.14 38 80 





Total hours labour on one 


engine and tender 16280.30 $2600.05 £473 8 6 


NOTES ON SOME EARLY LOCOMOTIVES 
IN THE UNITED STATES. 

Tue locomotive which first ran in the United 
States was the ‘ Lion,” built by Messrs. Foster, 
Rastrick, and Co., of Stourbridge, England, and 
sent to America in 1829. This locomotive was illus- 
trated on page 564 of the twenty-first volume of 
ENGINEERING. It was ordered in England by Mr. 
Horatio Allen for the railroad of the Delaware and 
Hudson Canal Company. After its arrival in 
America it was put together on the railway, and no 
one else being quite willing to risk his life on the 
first trial trip, Mr. Allen bravely mounted the loco- 
motive and ran it at considerable speed several 
miles. What is now left of this locomotive was made 
one of the exhibits of the American Society of Engi- 
neers during the Philadelphia Exhibition. The 
relics are only the beam, the driving wheels, and 
some other detached parts. 

The first locomotive built in the United States 
was designed by the same Mr. Horatio Allen for use 
on the South Carolina Railroad, of which he had be- 
come chief engineer. It was constructed in the 

ear 1830, in the City of New York, by the West 

oint Foundry Association, anc was sent to Charles. 
town, South Carolina, where it was in successful 
operation for a number of years. It was called the 
“Best Friend.” (See Figs, 1 and 2.) 

The second locomotive, the ‘‘ West Point” (Figs. 
3, 4, and 5), was built in 1830, or early in 1831, by 
the same association and for the same railroad. 

The third locomotive. the “‘De Witt Clinton” 
(Fig. 6), was built at the same foundry in the year 
1831 for the Albany and Schenectady, Railroad, of 
which Mr. John B. Jervis was chief 2ngineer. 

No parts of either of these three locomotives are 
known to have been preserved, but omginal drawings 
of each of them have been found in the archives of 
the West Point Foundry Association, and from these 
drawings our engravings have been prepared. These 
drawings show the first attempts made in America 
to accommodate the locomotive to the special re- 
cep of service there with respect both to 
uel and road construction. 

The tendency in the United States, even at that 
early period of railroad history, was towards a lighter 
construction of permanent way than was approved 
by English practice. This tendency bas not yet 
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and less expensive construction has materially aided 
the remarkable extension of railroad lines over so 
great an area of country. The rails of the early 
American railroads were of longitudinal timber, 
upon which was spiked a thin iron strap. The 
weight of the locomotive concentrated upon four 
wheels with a narrow wheel base was entirely 
too much for such a substructure. The roadway 
soon became uneven, and travel over it was both 
uncomfortable and dangerous. The expedient of 
putting a truck or bogie under the forward part of 
the locomotive and thus distributing the weight was 
early adopted by both Mr. Jervis and Mr. Allen. 
But a more complex and interesting arrangement 
was directly designed and executed by Mr. Allen, 

This was a locomotive with eight wheels, copies of 
the original drawings of which are now given, 
Figs. 7, 8,9, and 10. This locomotive had two .in- 
dependent trucks, each truck having two driving 
wheels of 5 ft. diameter, and two smaller wheels 
of 3 ft. diameter. These wheels were fixed on 
axles which were so connected with the trucks as 
to secure parallelism of the axles. The trucks were 
connected with the boiler frames by a centre 
in and side bolsters The trucks thus had a 
ree lateral motion around the centre pin, and the 





been overcome, and probably the American lighter 





locomotive, although more than 22 ft. in length, 


“THE BEST FRIEND,” BUILT IN 1830. 





could accommodate itself to sharp curvatures in the 
road. ‘The cylinders, two in number, were at each 
end of the locomotive, and the piston rods were 
connected with the driving axles by a rod with a 
ball joint on the crank of the axle. This allowed 
the trucks to move about the centre pins, while the 
cylinders were rigidly connected with the boilers. 
The first locomotive of this construction was built 
in the year 1831 by the West Point Foundry 
Association from the designs of Mr. Allen, It was 
called the ‘‘ South Carolina,” and was put in opera- 
tion on the South Carolina Railroad at the City of 
Charleston in the early part of the year 1832. Three 
other locomotives constructed on the same plan 
were built and put in operation during the year 
1833. These engines were in constant use until 
the requirements of traffic demanded more steam 
roducing capacity than their boilers possessed. 
ter years poe MP og in 1850, in the suit brought 
by Ross Winans to secure — ion of his — 
for the construction of eight-wheel cars with two 
independent trucks, the drawings of these eight- 
wheel locomotives were introduced by the defen- 
dants, and were probably largely instrumental io 
determining the case which was decided adversely 
to Mr. Winans, i 
The Society of Engineers have in their possession 
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an interesting ——- letter of Mr. Robert 
Stephenson to Mr. Ro Stevens, of Hoboken, 
attached to which is a drawing by Mr. Stephenson of 
a six-wheel locomotive proposed byhim. Mr. Stephen- 
son in this letter, which is dated Newcastle-upon- 
Tyne, January 9th, 1833, says, that objection has 
been made in America to locomotives manufactured 
by him on account of their weight, which was be- 
tween 7 and 8 tons. He also says, that he is sorry 
that the feeling in the United States in favour of 
light railways is so general, as in England every 
succeeding railway is being made stronger and more 
substantial, especially in the rails and chairs. Small 
engines are gradually losing ground and large ones 
are daily demonstrating that powerful engines are 
the most economical. He then writes: “The de- 
struction of the copper tubes in our boilers has been 
a source of great expense, and without an increase 
in the dimensions of the boiler I can see no remedy 
for the evil. With this view I am about taking out 
a patent for an pg engine on six wheels, 
which of course enables us to increase the size of the 
boiler and fireplace very considerably, from which I 
expect a great saving will arise, as it will not be 
necessary to have the blast pipe in the chimney so 
small, because a large fire will not require to be 
urged to so intense a temperature to obtain the same 
quantity of steam. You will probably say that six 
wheels are objectionable in going round curves, but 
I get over this difficulty by making the wheels 
which are fixed upon the cranked axle without 
flanges, leaving the engine to be guided by the four 
wheels. The middle or driving pair of wheels being 
without flanges are not exposed to any lateral jarring 
against the inside of the rails, This circumstance very 
much decreases the risk of fracture in the cranked 
axle which has very frequently happened with us, 
and which I am afraid has not been unfrequent with 
the engines we have sent you, as your cranked axles 
are very much weaker than those that have failed 
in this country. The middle pair of wheels having 
no flanges clearly removes any objection that may 
be urged concerning curves, as they never can bite 
against the rails. In order that you may distinctl 
understand the alterations we are contemplating, } 
send you a general sketch of engine (drawn to a 
scale), capable of taking 100 tons gross load at the 
rate of 16 or 18 miles an hour on a level,” 








THE DIRECT PROCESS OF IRON 
MANUFACTURE. 


Some further Remarks regarding the Production of Iron 
and Steel by Direct Process.* 


By C. WruL1am Siemens, D.C.L., F.R.S., President, 
Iron and Steel Institute. 

In mixing comparatively rich iron ore in powder, with 
about 25 per cent. of its weight of pounded , and in 
exposing this mixture for some hours to the heat of a 
common stove or of a smith’s fire, metallic iron is formed, 
which, on being heated to the welding point, on the same 
smith’s hearth, may be forged into a horseshoe of excellent 
quality. The admixture with the ore of some fiuxing 
materials, such as lime or clay, will, in most cases, be of 
advantage to rid the iron of adherent slag. 

The “py of this process is such that it naturally 

receded the elaborate processes now in use for the pro- 
uction of iron and steel upon a gigantic scale, nor can it 
surprise us to find that attempts have been made from time 
to time, down to the present day, to revert to the ancient 
and more simple method. :It can be shown that iron 
produced by direct process is almost chemically pure, 
although the ores and reducing agent employed may have 
contained a considerable of phosphorus, sulphur, 
and silicon, and that, if freed m its adherent slag, it 
furnishes a material superior in quality and commercial 
"™The practical. objections to the direct 
ical objections to the di process, as prac- 
tised in former days, and as still used to a limited extent 
in the United States of America and in some European 
countries, are that— 

1. Very rich ores only are ones, of which about 

one-half is converted into iron, the remainder being lost in 


Sumniag os. 
2. The fuel used is charcoal, of whith between 3 and 4 
tons are used in producing 1 ton of hammered blooms. 

8. Expenditure of labour is great, being at the rate of 
838 men, working 12 hours, in producing 1 ton of metal 
ee Percy). Iron produced by direct process in the 

talan fo is therefore ree iron, and could not 
compete with iron produced by modern processes except 
for special purposes, such as farni melting material 
for the tool steel melter. 

But, it may be asked, could the advantages of the direct 

38 not be combined with those of modern appliances 
‘or the production of pure and intense heats, and for deal- 
ing with materials in masses, without expenditure of 
manual labour, and cannot chemistry help us to larger 
yields and the faculty of using comparatively poor and 
impure ores ? 


TABLE No. I.—Cuarges 1n “A” Furnace AT TOWCESTER. 












































| | In Charge. - | Yield. 
; Description of Charge. |__————| Time. | | Remarks. 
z, | Iron. | Coal. Blooms. Loss. 
| ewt. | owt. {hrs. min.| ewt. qrs. lb. |per cent. 
434 | (12 owt. raw, Towcester 8.2 6} 3 50 5 3 0 30 | 
435 8 ,, Fenton... eve] 99 99 315 5 0 0 39 
436 |) 1 ,, Tap cinder ” 9 3 50 7 0 14 14 | 
437 », Limestone 99 - 40 6 0 14 26 
438 ” ” ” 5 0 2-3 12 Great Fenton coal. 
439 ” o 4 0 =. 15 ea ~ 
440 od ” ” 3 = ‘ 3 s 42 | 
441 ad 9» om 3 0 14 The average loss is 25 per cent. 
442 = .» |» | 54 16 8 0] 18 - 
443 a” ” ” 5 35 7 0 14 14 
444 a a pa 4 25 7; = @ 15 The average production per charge is 
6 cwt. 2 qrs. 13 1b. 
445 %” ° 99 39 4 0 5 2 0 33 
446 ” | 9 ” 3 45 6 3 0 18 
447 a | - ve 5 5 8 0 0 3 * average time per charge is 3h. 
m. 
448 4 1» |» | 80] 8 0 o| 8 
449 98 0” a 40/5 2 0| 3 
450 a ot a ‘ 4 20 6 0 14 26 | Amount of coal used in producer 
(regular continual working), 2 tons 
| per ton of blooms produced. 
451 a we] os a 4 50 $ 2. | 
Estimate for the Production of One-Ton Blooms. £ 3s 
Coal, one ton for reducing at 8s. ‘a ‘an 0 8 
Producers, two tons at 4s. ” a - dan 0 8 
Ore, three tons (inclusive of fluxes), at the average per ton, 10s. 1 10 
Materials ... ise pa se sas amd ne 2 6 
Labour . 0 15 
Hammering 0 7 
Total cost £3 8 


A careful consideration of these questions led me to the 
conclusion, some years ago, that here was a promising 
for the experimental metallurgist, and that I possessed 
some advantage over others in the use of the regenerative 
gas furnace as a means of producing the requisite quality 
of heat without the use of c al and blowing apparatus. 
I engaged, aeereiney upon a series of experimental 
researches at my sample steel works, at Birmingham, and 
in 1873 I had the honour of submitting the first-fruits of 
these inquiries to the Iron and Steel Institute, in a paper 
entitled ‘‘ On the Manufacture of Iron and Steel by Direct 
Process.’’ Encouraged by the results I had then obtained, 
I ventured with some others upon some larger applications, 
the principal one of which has been one at Towcester, in 
Northamptonshire. 

If viewed by the light of present experience, it would 
have been wiser to have fixed upon another locality with 
fuel, skilled labour, and better ores within easy reach ; 
but in extenuation of the error committed, it may be urged 
that the site was fixed by force of circumstances rather than 
by selection, the chief requirement being an ample supply of 
small Northamptonshire ore at a very low cost. It was, how- 
ever, soon discovered that this ore, although capable of pro- 
ducing, iron of good quality, was too eee and i rin 
quality to yield commercial results unless it was mixed with 
an equal weight of rich ore, such as pottery mine, Spanish 
ore, or Rollscale, all of which, as well as the fuel, are 
expensive at Towcester, owing to high rates of carriage. 
It is in consequence of these untoward circumstances that 
the works at Towcester have not been completed by the 
addition of rolling mills, the intention being to transfer 
the special machinery ultimately to existing iron works 
when the process has been sufficiently matured for that 


purpose. 

‘The Towcester Works were visited, in the autumn of last 
year, by two eminent metallurgists, Professors Von Tunner, 
of Leoban, and Akermann,’of Sweden, who have published 
the results of their observations in separate reports.* 
The results noted down by Mr. Von Tunner are referred to 
by our past-president, Mr. I. Lowthian Bell, in his paper 
on the ‘‘ Separation of Carbon, &c.,”” which was read in 
March last, and will be discussed at the Newcastle meeting. 
The criticisms contained in these publications are conceived 
in the fairest possible spirit, and form indeed a most valu- 
able record of the progress achieved up to that time, but 
they furnish me with an inducement to break silence sooner 
than I had intended, ing the further progress which 
has been effected, and the conclusions I am disposed to draw 
— past experience regarding the direct process of the 
‘uture. 

The leading idea which guided me in these was to operate 
upon such mixtures of ores, fluxes, and reducing agents as 
would, under the influence of intense heat, resolve them- 
selves forthwith into metallic iron ‘and a fluid cinder, dif- 
fering ae | from the methods pursued by Chenot, 
Gurlt, Blair, and others, who ry spongy metal in the 
first place by a slow process which is condensed into m 
able iron or steel by after processes, but assimilating to 
some extent to the process t proposed by Mr. William 
Clay. In my paper of 1873, I described two modes of 
effecting my on. the one by means of a statio > 
and the other by means of a rotative furnace chamber, the 
former being applicable ys age comparatively rich 
ores are available, and the la for such poorer ores as 
occur near Towcester. 

At the Towcester Works, three rotative furnaces have 
been erected, two of them with working drums 7 ft. in dia- 





ew read before the Iron and Steel Institute at N we 
castie. 





* Das Eisenhiittenwesen von L. Eitter von Tunner, 


meter, and 9ft. in length, and the third of smaller dimen 
sions. The gas flame both enters and passes away from the 
back end of the furnace, leaving the front end available 
for the furnace door, which is statio The ends of the 
furnace chamber arelined with Bauxite bricks and the 
circumference with ferrous oxides, resulting from a mix- 
ture of furnace cinder enriched with roll scale of calcined 
blackband in lumps. About 30 cwt. of ore mixed with 
about 9 cwt. of small coal having been charged into the 
furnace, it is made to rotate slowly for about 2} hours, 
7 which time the reduction of the metal should be com- 
pleted, anda fused slag be formed of the earthy constitu- 
ents containing a considerable percentage of ferrous oxide. 
The slag having been tapped, the heat of the furnace and 
the speed of rotation are increased to facilitate the forma- 
tion of balls, which are, in due course, taken and treated 
in the manner to be presently described. 

These balls contain on on average 70 per cent. metallic 
iron and 30 per cent. of cinder, and upon careful analysis 
it is found that the particles of iron, if entirely separated 
from the , are pure metal, although the slag may con- 
tain as much as 6 per cent. andmore of phosphoric acid, 
and from 1 to 2 per cent. of sulphur. In shingling those 
balls in the usual manner, the bulk of the cinder is removed, 
but a sufficient residue remains to im to the fracture a 
dark appearance without a sign of crystalline fracture. 
The metal shows, in being worked, what appears to be red 
shortness, but what should be termed slag shortness. In 
repiling and reheating this iron several times this defective 
appearance is gradually removed, and crystalline iron of 
great purityand touglinessis produced, but amore read 
mode of treatment was s ted by Mr. Samuel Lloyd, 
one of my co-directors in the Towcester Company, in re- 
verting to the ancient refinery of charcoal hearth. The 
balls as they come from the rotator are placed under the 
shingling hammer and beaten out into flat cakes not ex- 
ceeding an inch in thickness. These are cut by shears into 
pieces of suitable size and formed into blooms of about 
2 ewt. each, which are consolidated under a shingling ham- 
mer and rolled into bars. 

The bars have been sold in Staffordshire and Sheffield, 
at prices varying from 71. to 91. per ton, being deemed 
equal to Swedish bar as regards toughness and purity. 

It may, therefore, be asserted as a matter of fact, that 
iron and steel of very high quality may be produced from 
ores not superior than Cleveland ores by process, 
but the question remains at what cost this conversion can 
be effected? The experimental works at Towcester are un- 
fortunately not sufficiently complete to furnish more than 
the elements upon which the question of cost may be 
determined, the principal reasons being that the one 
reheating furnace and a 30 cwt. hammer at the works are 
not sufficient to deal with the iron produced by the three 
rotators, that the iron has to be finished at a rolling mill 
elsewhere, and that transports weigh heavily — the cost 
of production. The principal factor in the calculation of 


alle- | cost is unquestionably the rotator, and Table No. I. fur- 


nishes the working result of 18 consecutive charges as taken 
from the charge book. The mixture of ore consisted for 
each charge of 12 cwt. of Towcester ore (containing about 
38 per cent. metallic iron) mixed with 8 ewt. of calcined 
Great Fenton ore, 1 cwt. 0! tap cinder, 1 cwt. of limestone, 
and 64 cwt. of small coal. ‘The time occupied for each 
charge was 3 hours 57 minutes, or say 4 hours, and the <_ 
of hammered blooms was on an average 6 cwt. 2 qrs. 19 lb., 
whereas the metal contained in each er amounted (by 
estimate) to 9 cwt., showing a loss of 25 per cwt. 

loss is, however, i in 

the cinder again in s 





Wien, 1876. 4 





partially recovered ye a portion of 
again in succeeding charges, but i 
of cinder that may be used again with im 
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upon the amount of impurities, namely, of oye pe sul- 
phur, and alumina contained in the ore. The coal used in 
the producers amounted to 2 tons per ton of hammered 
blooms produced, and in pricing the materials used and 
labour engaged upon the work, the Table—prepared by the 
manager at the works—gives 31. 8s. as the cost per ton of 
hammered blooms. To this must be added for repairs and 

eral expenses, and the cost of rolling the hammered 
Flooms into bars, which in the case of Towcester practice 
are very |heavy, but of which an experienced ironmaster 
would "form his own estimate. The cost of working the 
metal in the hollow fires is also not included, and this may 
be taken to add from 25s. to 30s. tothe ton. The refined 
iron so produced will, therefore, cost from 51. 5s. to 51. 10s. 


ton. 
il (To be continued.) 








LUBRICATION OF AXLES, 
To THE EDITOR OF ENGINEERING. 


Sr1r,—In your journal of the 17th August, I found on 
returning to town a most interesting and valuable letter 
from ‘‘H. W. 8.” on the subject of oil lubrication in 
railway carriages and wagons. 

I shall be pleased if you will allow me to again draw 
attention to thr extraordinary results shown in those trials, 
and to supplement them with the results of some experi- 
ments made a few years ago and bearing upon the same 
matter. I have long maintained that the real importance 
of this question of lubrication is—besides the matter of 
safety and economy in the longer life of the bearings and 
journals—in the saving of fuel caused by reducing friction, 
and this point is well brought out by the trials on the 
Egyptian Railway now under notice, amounting, as I see, 
to 31.30 per cent., or nearly one-third saving of fuel! It 
must though be borne in mind that this evident reduction 
in friction is not due entirely to the use of oil, but to its 
combination with the use of a white metal prepared by 
Messrs. Dewrance and Co., and of course a good vege- 
table oil. 

This question of the lubrication of axle-box and wagon 
bearings with oil instead of grease, and the application of 
Dewrance’s white metal received great attentiou from the 
hands of the late Mr. Joseph H. Beattie, and the results he 
obtained, although he did not go so far as to make the 
comparative tests in the saving of fuel by the use of oil and 
white metal, instead of the old system o — and gun- 
metal; he yet showed sufficiently remarkable results in 
duration of wearing surfaces and economy of lubricating 
materialsas to prove that there must have been a con- 
siderable saving of fuel. 

Ihave before me now the results of an experiment made 
in 1865 with one of Mr. Beattie’s oil axle-boxes; lined] with 
Dewrance’s white metal, which commenced running on 
the 29th of August, 1864, and was examined May 12, 1865, 
when the following results were noted : 

The weight of the carriage was 6 tons 10 cwt. running on 
four wheels, bearings 6 by 3, diameter of the wheels 
3ft. 6in., axle-boxes Beattie’s patent brass bearings lined 
with Dewrance’s patent metal, oil only was used : 


Total weight of bearings (4) ... ... 23 1b. 8oz, 
fie iles run (exclusive of shunting) 65,264 
Loss of weight in bearings (4)... . 6} oz. 


equal to a loss of 13 oz. per bearing, showing the proportion 
of 9323 miles to one pint of oil, and 10,040 to 1 oz. of 
bearings (or 4 oz. loss in each bearing per 10,040 miles). 

The bearings and journals are in excellent condition, and 
the wheels of the carriage have been turned up. 

T assisted at some experiments made by Colonel Kennedy, 
chief engineer of the Bombay, Baroda, and Central Indian 
Railway, which he made to prove the value of oil as a 
labricant over grease for railway vehicles, and which were 
made on some carriages of the South-Western Railway, 
the bearings of ,.which were lined with Dewrance’s white 
metal. I have not the results by me at this present mo- 
ment, but they were greatly in favour of oil lubrication. 
The experiments were made on a piece perfectly level 
line, and under precisely similar conditions in the case of 
both oil and grease, and as far as I can recollect the pro- 
portions were, that with grease it took about twice the 
power to initiate motion and one-third more power to 
maintain it than by the use of oil. These experiments 
were afterwards repeated in the same manner by the autho- 
rities in India, but with bearings of gun-metal only, and 
in every case there was a higher coefficient of friction, thus 
nay | the advantages in the use of the white metal. A 
great feature in the Sidebotham system is that the 
lubrication takes place at the side of the axle, thus enabling 
the bearing or step to be absolutely without inating 
holes or quite solid. Nearly all hot bearings are caus 
by the holes made in the bearings for the passage. of the 
grease or oil becoming stopped up ; further, the holes thus 

e in the step is so much taken from the length of the 
bearing, and as the whole is usually on the top of the bear- 
ing in edges of the hole themselves become an excitant of 

ion. 

The subject is so important that I hope I may be 
pardoned in most strongly urging the attention of all who 
are interested in railways to this matter. These trials on 
the Egyptian Railway have I know been conducted most 
carefully and x gga 9 by a commission of gentlemen, 
nearly all English, and the result obtained—a saving of 

1.3 per cent. in fuel, besides the saving in materials—is so 
striking that it should command the attention it deserves. 

_ Thave always maintained that in this question of lubrica- 
tion the saving of fuel is the vital point, it proves the others, 
and is the one that is most felt, in that all shareholders, 
directors, and engineers are most vitally interested in a 
good dividend. 


I am, Sir, yours faithfully, 
Joun Davis. 








NOTES FROM THE NORTH. 
: Giasaow, Wednesday. 

Glasgow Pig-Iron Market.—On Thursday last the mar- 
ket was hardly so 
cash having been accepted in the morning for a few thou- 
sand tons. In the afternoon the same cash price was 
realised, the market leaving off with sellers thereat, buyers 
not so anxious. On Friday a business was done. 
The opening business was at 54s. 4d. prompt, after which 
1d. less was accepted, closing with sellers over at 54s. 3d. 
The same price was e in the afternoon, also 
54s. 44d. a month open, at which rates sellers remained. 
The tone was weaker at the opening on Monday, 2000 tons 
having been done at 54s. lid., stiffening to 54s. 3d. cash 
and 4$d. a month, sellers over. In the afternoon 54s. 2d. 
prompt cash was was again accepted, at which more iron 
could have been had. Yesterday a | business was 
done both on forenoon and afternoon ’ ges at from 
at from 54s. 2d. to 54s.1}d. cash, the latter being the 
closing price, buyers. is morning a disposition was 
shown to depress the market, and a couple of lots were 
sold at 54s. 14d. cash, stiffening to 54s. . @ month and 
54s. 2d. cash buyers. In theafternoon 1000 tons were done 
at 54s. 2d. prompt, closing nominally at this figure. In 
shipping iron the demand eased off a little, and rather 
less money would buy. No. 1 Dalmellington is 6d. per ton 


easier in makers’ hands, and the demand for special brands 
is only moderate. Iron is still being sent into stores, the 
quantity with Connal and Co. on Friday last was 159,706 


tons, showing an increase of 810 tons for the week. There 
are now 87 furnaces in blast, being the same as last week. 


Stobcross Dock.—The western portion of Stobcross Docks, 
embracing about 1200 ft. of quayage, together with the 
hydraulic swing bridge at the entrance by Sir 

illiam Armstrong and Co., was opened yesterday forenoon, 
by the Lord Provost of Glasgow, in presence of the members 
of the Clyde Trust, the Town Council, and a large number 
of gentlemen connected with the shipping and commercial 
interest of the city. The first vessel to enter the dock was 
the Anchor Line steamer Victoria, and as she did so the 
Lord Provost named it ‘‘The Queen’s Dock,” afterwards 
explaining that this title had been selected unanimously by 
the Trust, and conferred by special permission of Her 
Majesty. It may be mentioned that the dock is to have a 
depth of 20ft., and when the whole work is completed the 
water surface will extend to 34 acres, the length being 
3000 ft., and the breadth 700 ft. Access to the basin, 
which is of the tidal character, is obtained at the south- 
west extremity, the passage being 180ft. in width. The 
total cost is estimated at about 1,600,000/. A service of 
cake and wine took place after the ceremony was finished, 
and in the evening a banquet was held in the Corporation 
Galleries, and on both occasions some interesting speeches 
were made, including one by Mr. J. F. Bateman, C.E., the 
consulting engineer to the Clyde Trust. 


Termination of the Strike on the Clyde.—At a yo 
of the Clyde Shipbuilders and Engineers’ Association hel 
in Glasgow this week, such terms were drawn a wp as, it 
was thought, would lead to a termination of the strike that 
has so long existed on the Clyde. The terms then agreed 
upon were in effect that the Masters’ Association had 
agreed to submit the dispute between themselves and the 
shipwrights to arbitration, leaving it to the discretion of 
the arbiters to hear any evidence which they may deem 
proper on the question. Accordingly, a mass meeting of 
the shipwrights was called to consider these terms, and 
between four and five hun men assemb! in the 
Greenhaugh Hall, Govan, on Monday night. The meeti 
was very orderly throughout, and, after three hours 
deliberation, agreed unanimously to accept the above terms. 
The strike may now be considered practically at an end. 
Three weeks ago the lock-out terminated, and since then 
over one thousand men have been engaged, Messrs. Elder 
and Co., Govan, having taken on between seven and eight 
hun , Messrs. Henderson and Co., Partick, over two 
hundred, and the other yards on the upper reaches of the 
river have also given employment to a considerable number. 
On the shipwrights resuming work a still greater number 
will be employed, principally labourers, who before the 
strike assis’ the —— in various ways. With 
reference to the boiler ers, who are also out on strike 
for an advanee of 10 per cent. on their present wage, Mr. 
Rothwell, the of that body, has lately received a 
communication from Mr. Ross, to the effect that the masters 
are prepared to meet a deputation of ironworkers to adjust 
a basis of arbitration. This decision has been communi- 
cated to the Executive Council at Liverpool, and on receipt 
of a reply it will be submitted to Mr. Ross, the masters’ 
secretary. Ata meeting of the carpenters, held at Port- 
Glasgow on Monday afternoon, the basis of arbitration 
proposed by the masters was to. The rivetters em- 
ployed in the yard of Mr. J. E. Scott, Greenock, struck 
work in the beginning of the week in consequence, as they 
alleged, of Mr. Scott not fulfilling the agreement entered 
into with them. During the dey the difficulty was settled, 
and the men will resume work this morning. 


The Ironworkers at Dundee.—During the last few weeks 
the ironworkers—mechanics, shipbuilders, &c.—of Dundee, 
held a great demonstration in connexion with the 51 hours 
system, on account of a disposition having lately been shown 
by some employers to restore the week’s work to 56 hours. 
There is no place in Scotland where the nine hours a day 
system has become 80 Gane See in the social 
arrangements of the people as in dee, and they seem to 


be most unwilling to depart from the system. ey will 
rather submit to have their wages reduced than have the 
length of their week extended. 


The Electric Light at Stobcross Dock.—In consequence 
of the great success with which the electric light has been 
used by Mr. Grothe, the resident engineer at the Tay 
Bridge, during the last two years, Mr. Jackson, contractor 


good, 54s. 6d. one month and 54s. 44d. | d 


for a large portion of Stobeross Dock, has followed ee 
and is now ing on bis work at night by the aid 
two powerful electric lights. The lights wll bead whe 
the last two or weeks from dusk till daylight, 
and the workmen are thereby enabled to more 


pe mpndemde gy of the cylinders for the foundation 
of the quay wall. One of ine to is situated fully 300 
from the principal part of the cutting, but even 


hat great ee pad om sega is the light that a news- 
y 


paper can be read quite a 


was originally e i in 1725. 
The whole has been rebuilt. The area of the dockis 24 
acres ; ney, ace, 1313 ft. ; depth of water, 13 ft. at neap 
tides 174 ft. at ordinary spring tides. The construc- 
tion of the dock has been going on for the last few 
weeks, along with dredging in the harbour, fairway, and 
bar, Jape 7 with other ingooranenls including ve ae 
ing down of a new patent slip. uding working t, 
the cost of the works has not been much {ess than 40,0002, 
A loan of 20,0001. was obtained from the Public Works 
Loan Commissioners. 


Projected Works at Aberdeen Harbour.—It has been 
resolved by the Aberdeen Harbour Commissioners, to 
apply to Parliament for additional powers for the con- 
struction of what may be termed inner harbour works, 
the principal feature of which is a ae Pe dock, the 
whale costing, it is expected, from 80, to 100,0001. 





NOTES FROM THE SOUTH-WEST. 

The Avonmouth Dock.—The Castalia steamer from New 
York entered the Avonmouth dock on Saturday, being the 
poet ship which has ever gone into it. The Cas is 

ft. long. Building pecially houses for workmen— 
are yocestiing rapidly at the new port. 

Wages at Briton Ferry.—Notices of a reduction in wages 
were posted at the Briton Ferry Iron Works on Saturday. 
The notices intimated that ina month from the date a re- 
duction would take place similar to that now in force at 
Dowlais and other large works. 


South Wales Coal and Iron.—It appears that the exports 
of coal from the South Welsh ports in August were some- 
what smaller than in August, 1876. Cardiff last month 
exported to foreign ports 334,154 tons of coal, as compared 





with 335,902 tons in August, 1876. Newport rted 
49,049 tons, inst 54,738 tons in August, 1876; and 
Swansea expo: 100 tons, against 63,378 tons in 


August, 1876. The exports coastwise from Cardiff last 
month were 76,219 tons, against 72,959 tons in August, 
1876. Newport expo! 73,894 tons last month, Fyn 
74,424 tons in August, 1876. Swansea exported 24,612 tons 
last month, against 20,847 tons in August, 1876. The 
uantity of iron exported from Cardiff last month was 
95,000 tons, and from Newport 8012 tons. 

Aberdare.—Trade matters in the Aberdare Valley have 
e ienced no material change. The Powell 
Collieries are still working irregularly, the men being 
employed four or five days per week. The rest of the 
collieries of the valley have been generally goiig on 
steadily. 

Swamsea.—The trade of this port has been fairly brisk, 
and the docks are reported to be gradually filling. The 
shipments of patent fuel last week comprised 2050 tons 
Messrs. Cory, Yeo, and Co., and 800 tons by the Aberdare- 
Merthyr Patent Fuel Com - The tinplate trade remains 
in a comparatively sluggish state and orders flog notwith- 
standing that production has been systematically reduced 
for some time past. 

The Forest of Deam.—There has been no alteration in 
the demand for house coal, and several of the collieries 
have been working only short time. Upon the whole, how- 
ever, the coal of the Forest is considered to be a trifle 
better than it was a month since. At Parkend, the stock 
of pig iron iron is bei aced; and if this continues for 
a short time longer, there will be only a small quantity 
upon the banks. Certain = contemplated at the 

+ Western Iron Works are likely to include the majo- 
rity of the workmen. 


Po ag ap ing Haws og Bey iow, Baw Migr 
panis ore. is no 

of stéam coal. It Rb Ew gh Rn oR have 

m distributed among the Monmouthshire ironmasters 
for 100,000 tons of railway iron on British Indian account. 
This rumour savours, however, of exaggeration. 

Bishop’s Castle Railway.—Since the re-opening this 
summer of the Bishop’s Castle eyewr & the traffic which 
has accrued has been sufficient to justify the opinion which 
the directors have expressed that the completion of the 
line by the construction of an extension from Sydnam 
Heath by way of Churchstoke and Chirbury to the Cam- 
brian Railway, near Montgomery, as oniginally authorised, 
is a matter of necessity even as insuring the work- 
ing of the existing line. The capital required for the ex- 
tension will certainly not exceed 100,000/. ; sum, 
20,0001, must be provided din the district. | If that ae 
can be raised before the period for givi parliamen 
notices (October 10) an a plication will be made for @ 
renewal of the powers now apeet for completing the rail- 
way to Montgomery on the brian line. 

American Coat.—The Delaware and Hudson Canal 
Company owns 25, acres of coal lands. These lands 
are estimated to contain between 340,000,000 tons and 
600,000,000 tons of coal. At500 dols. per acre, the value 








of these coal lands is 12,615,000. 
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IMPROVEMENTS IN BELGIAN THREE- 
HIGH ROLLING MILLS.* 
By Aur. THomas. 

As engineer to one of the most important rolling mills 
in Belgium, I was called upon, not long ago, to renew the 
lant of the works under my management. After some 
ittle study, I soon discovered that very great improve- 
ments might be effected, both as rds efficiency in the 
production of rolled iron, as well as first cost of erection of 
such mills, and Iam happy to state that the practical 
results obtained by the application of my views have more 
thin fulfilled the most sanguine expectations of my em- 
ployers. In Belgium, the old system of two-high mills is 
fast becoming obsolete, being superseded by the three- 
hizh, the economy of which over the first is too manifest to 
ned dwelling upon. 

My recent improvements apply also to three-high mills 
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alone, their peculiarity consisting in the suppression of all 
the usual double collars and in the ating of the top roll 
with grooves on one-half of its length only, while the re- 
mainder is left plain and made conical, or, if grooved all 
along, this latter half is destined for use in another train, 
or, if preferred in the same housing, by reversing the roll. 
The bottom roll is also cast with grooves on one-half of its 
length only, the remainder being left taper, or conical, 
or this latter half is done away with altogether. The 
middle roll carries grooves on one-half of its length, and 
ridges on the other half, all the grooves which roll in the 
same direction, being placed next to each other, while in 
the ordinary system, the grooves and ridges alternate, the 
neighbouring grooves rolling alternately in inverse direc- 
tions, which causes the necessity for the double collars be- 
tween each groove. The top and bottom rolls, when cast 
with conical ends, are left quite in the rough, on this use- 
less portion, in order to economise cost of material. The 
lower roll for the same motive is generally cast hollow as 
shown in one of the res. In this mill, the bar or ingot 
or bloom is first through the roughing rolls, in the 
following order, as shown in the drawing ; first between the 
middle and bottom roll, at A, then between middle and top 
roll at B, and successively through C, D, and E. From 
this the bar is carried at once to the finishing train and 
passes successively through grooves F, G, H, and I. 

Such a disposition gives very great facilities for the 
rolling of all kinds of profile, angle, and T iron, and rails, 
and no difficulty whatever is experienced in producing lengths 
of 25 metres, or 80 ft. in one single heat, and without need 
of tiat bars in the piling. 

ype has demonstrated an economy of from 40 
to 100 per cent. in the weight of castings needed for the 
rolls of my mills, as compared with the older kind, joined 
to 100 per cent. phenom pe pene Ft at 
the same. The same number of grooves exist here as in 
the ordinary two-roll mills for the same width of housing, 
so that the three rolls of the system need be neither longer 
nor r in diameter than those of ordinary two-high 
mills. is allows of the easy and economical transforma- 
tion of two-high into three-high trains, i 
all serviceable, and the modification needed being an 
inérease in height of the housings. In this system the 
number of side guides is reduced one-aalf as compared with 
other three-high trains, which, along with the compara- 
tive lightness of the rolls, gives increased rapidity in the 
mounting and changing of the same. The absence of 
balan ides renders the event of the rolling of a bar 
around roll of much rarer occurrence than formerly. 
In fact, in my practice it has never yet ; last 
consideration, of minor importance, is the small space re- 
quired for the erection of three-high mills of my system as 
compared with ordinary three-high trains. As will be 
seen by the ——— drawings computations, in a case 
where the rolls of an ordinary merchant three-high mill 
would weigh 14,244 kilogs. (about 14 tons) they only weigh 
7477 kilogs. (about 74 tons) with my system, or about the 
same as for a common two-high mill. 


* Paper read before the Iron and Stzel Institute at 
Newcastle, 





The economy, practically realised, in the works under 
4fe SO Lilo St he i pon on le = 

Ts. or e iron pi , equiva- 
lent to about IL 3s. - ton. This I attribute to the fact 
that no matter what the profile of the iron may be, it is 
rolled in one heat to a great length, saving ends, and 
without any need for flat bars in piling. I calculate the 
cost of reheating at 2.50 frs. per 100 kilogs., the economy 
in waste ends at 0.50 fr. per 100 kilogs., and the saving in 
bars at 1 fr. ~ 100 kilogs. 

Although I may have -m telling the world at large the 
secret often as of how the Belgians manage occasionally 
to undersell the British on their own markets in respect to 
beams, girders, and profile iron, I hope my communication 
may serve some members of the Iron and Steel Institute, 
| also that it may tend in a small way to cement more 
firmly the friendship existing between all classes of the in- 











habitants of two nations, whose ideas regarding commercial 
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freedom, generosity in publishing the results of their ex- | 
perience, absence of mean jealousy under competition, love 
of freedom, and hospitality to foreigners are probably un- 
paralleled on the surface of the globe. 





The a E4 engraving shows an elevation of a 
three-high mill of Mr. Thomas’s design. The first housing 
bolds the pinions, the second the roughing rolls, and the 
third the finishing rolls. Accompanying are five other dis- 
positions of trains. 

Figs. 1, 2, and 3 are various modes of construction of 
these mills ; = 4. that of a two-high mill; Figs. 5 
and 6, of the ordinary three-high mills in common use. 

These five modes of establishing rolls are all for the same 
number of grooves of omens sizes. It may be remarked 
that the length of table of Fig. 4, the two-high mill, 
is 1.70 metres for a diameter of 0.600 metre. The new 
trains 1, 2,and 3, have exactly the same width and the 
rolls the same diameter, whereas in the ordinary three-high, 
Fig. 5, for the same nember of grooves, the table has to be 
2.110 metres in breadth, and the diameter of rolls increased 
in consequence to 0.644 metre, so as to obtain the same 
amount of resistance. In order to have the same number 





of grooves on the three-high, Fig. 6, as on the 1, 2, or 3 
forms, the table must be 2.043 metres, and the rolis have a 
diameter of 0.637 metre. 


kilogs. 
Total weight of ordinary three-bigh mill Fig. 5 is 14,244 
Fig. 6 is 13,196 


” ” new ” Fig. lis 9,479 
” ” 9s Fig.2is 8,522* 
» ” ordinary two-high Fig.4is 7,541 
i ‘i new three-high Fig.3is 7,477+ 


As will be noticed the last combination of three-high rolls, 
two-high. 


weighs less than the corresponding ordi 0- 





Great NorTHERN TELEGRAPH ComPANy.—The num- 
ber of despatches forwarded by the Great Northern Tele- 
graph Company in the first eight months of this year was 
510,620. he corresponding total for the corresponding 
period of 1876 was 487,210. 


* If the conical portion be grooved so as to make the rolls 
serve for two housings the total weight becomes 10,131 
kil mes. 

t if the conical portion be grooved for double usage the 











total weight will be 9,086 kilogrammes inclading the hollow 
bottom roll. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—The market on Tuesday 


was thinly attended, many of the rs: ironmasters 
being at Newcastle at the meeting of the Iron and Steel 
Institute. Very little business was in conse- 


quence. Makers, however, are again commencing to hold 
back for od prices, and there is not much probability of 
quotations falling below their present level. For No. 1 the 
rates are 45s. per ton, No. 3, 41s., and No. 4 forge, 40s., one 
per cent. being allowed. 

The Bar Trade.—Inquiries for bars are more numerous, 
= yd makers are hopeful that the demand will prove 
ucrative. 


The Plate Mills.—The plate mills are kept fully supplied 
with orders, but the rates received are not remuneratirve. 
























































_ Iron Shipbwilding.—Iron shipbuilding is just now an 
important feature among the auxiliary trades. Both the 
Tyne and the Tees yards are well filled. 


Engineering.—Considering the state of this trade in 
other parts of the country the Northern Counties have 
every reason tobe thankful for the fair share of work being 
now executed. 


The Rail Trade. — Although the rail mills now present a 
melancholy spectacle of desertion, rail makers are beginning 
to hope that the reign of steel rails will not last for ever. 
The paper read by Mr. I. L. Bell, M.P., at the meeting of the 
Iron and Steel Institute yesterday, was specially interesting 
as bearing upon this question. The experiments which 
that gentleman is at present conducting on behalf of the 
North-Eastern Railway Company, with a view to ascertain 
whether the impurities can be removed from cheap iron, 80 
as to make rails manufactured from it sufficiently durable, 
are of the greatest importance to the Cleveland district 
especially. The chief fault to be found with Cleveland 
iron rails is that they are not durable, and if a means can 
be found to make them so without materially iucreasing 
their cost, high-priced steel rails will not have much chance 
of successful competition. 


The Iron and Steel Institute.—The meetings at New- 
castle both yesterday and to-day were well attended. On 
atom ps members of the Institute will visit Middles- 
brough, aud after inspecting the furnaces of Messrs. Bell 
Brothers, at Port Clarence, and the new steel works of 
Messrs. Bolckow,|Vaughan, and Co., at Eston, will be en- 
tertained to lancheon by the representatives of the Cleve- 
land iron trade in the large hall of the Royal Exchange. 





SpanisH RAILWArYs.—Two new sections of railway have 
just been opened in Spain. The first extends from Canta- 

pedra to nea on the Medina del Campo and Sala- 
manca line, and the second from Talavera to Oro) on 
the Madrid and Malpartidaline. The traffic on the three 
principal Spanish lines—the Madrid, ssa, and Ali- 
cante, the — and Barcelona, and the Northern of 
Spain—has not been unsatisfactory this year. 





AmeERIcAN BripGe Bui.pine. — The Wronght-Iron 
Bridge Company, of Canton, New York, has obtained a con- 
tract for re-building a bridge over the Connecticut River, at 
Northampton, Massachusetts. The bri has a to 
length of 1219 ft. in eight spans, with 18ft. roadway, and 
it will cost about 27,000 dols., exclusive of flooring. The 
same company are building a 930ft. bridge in six spans, 
with 16ft. roadway, at Columbus Junction, Iowa, being 
the longest highway bridge in the State; and it has a 
contract for six 120ft. spans, with 18 ft. roadway and 5 ft. 
sidewalk, at Paris, Ontario. We may add that the com- 
pany has just completed a 160 ft. bridge with 30 ft. roadway 
and two 8ft. walks on iron piers, 25 ft. high, at San Jose, 
California, while it is bui a 256 ft. span with 18 ft. 
roadway, at Preston, West Virginia. The company has 
a of 12,000 ft. of bridging in course of con- 
struction. 
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THE MANUFACTURE OF COKE. 


On the Coke Manufacture of South Durham in Relation to 
the Iron and Steel Trades of the North of England.* 
By Mr. A. L. Strzavenson, Durham. 

In a recent article in one of the leading metropolitan 
papers we find it stated that: ‘‘ The abundance and con- 
tiguity of raw materials in the Cleveland district is a 
reason why so large a proportion of furnaces are at work 
in that locality to those in operation in South Stafford- 
shire, or some of the older English districts, in which, 
owing to the scarcity of ore or fuel, iron cannot be cheaply 


e. 
But another writer on the subject, in a technical journal, 
seems to attribute the position in the North in some 
degree to a different source. He says: ‘‘ The Cleveland 
district may, in fact, be said to be fast becoming the prin- 
cipal iron manufacturing centre of this country, the science 
and energy displayed by some ironmasters having so far 
improved the quality of some brands that plates can be 
obtained possessing us great a tensile strength, both with 
and across the fibre, as those from Staffordshire, but they 
are not, as a rule, equal to the latter in toughness.”’ 


Fig. 2. 





and loss in hitches and working, the writer is of opinion 
that there remains available sufficient to maintain present 


yield, including coal requirements, for a period of 125 


years. 

But the woaent demand of 44 million tons of coke gives 
no sign of being stationary ; on the contrary, since we are 
told that the amount used per ton of pig iron is not likely 
to be reduced from its present average of 23 cwt.,* we may 
look upon each su ing yearly increase in the manu- 
facture of pig iron as still further hastening the approach 
of the final lowing out, unless something more can be 
accomplished in mitigation of much that is now done, and 
which may be fitly termed a ‘‘ burning of the candle at 
both ends.” 

In 1858, the writer, in a paper read before the North of 
England Institute of Mining Engineers, pointed out how 
the mere application of plain flues and chimneys, by pro- 
tecting the coke ovens and steadying the denugit, effected 
a saving of 3 per cent. in the coke made, in addition to the 
prevention of smoke and smoke damage to a considerable 
extent; but although attempts had been then made to 
utilise the escaping heat, nothing successful had been 
accomplished, and during this interval of twenty years, 


ow 
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cooling the gases to a point below which the hydro-carbons 
escape imperfectly. burnt.. This has. been tested by ad- 
pa oe a surplus of air when smok3 was immediately 
evident. 


Now, asthe result of this arrangement, no coals what- 
ever are used for boiler p ses, and the produce of the 
pit is drawn from a depth of 100 fathoms, :and the water 
pumped, whereas before this system was adopted, 600 tons 
per fortnight was the amount virtually. wasted, at another 
colliery belonging to the same firm, and where the small is 
valuable for coking purposes, the advantages of the system 
described are eviden 

In order to.ascertain the amount of. heat available for 
evaporative purposes, the first step was to measure the 
volume and temperature of the gases passing to one pair 
of boilers from 50 ovens coking at the rate of 230 tons of 
coal in eighty-four hours. The temperature was found to 
be 1500 deg. Fahr. ‘The volume, measured by taking the 
velocity of the current in a given length of the flue was 
ascertained by introducing sodium at one point, and noting 
the time required to affect a flame, made by putting a little 
coal into the flue, pepe spe teed at another, to be 
1187 ft. per minute, which multiplied into the area of the 
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This view of the case was held in 1871, when a third au- 
thority said: ‘‘ We must not ignore the in fact that, 
while other districts have been bringing the best and newest 
scientific enterprise to bear upon the — of iron, 
the Black Country, in the prodigality of its mineral wealth 
and the pride of its ancient prestige, has been too content 
to ‘ rest upon its oars.’ Old-fashioned furnaces, wasteful 
of ore, wasteful of fuel, and ill-favoured as to means of 
receiving their raw supplies, and transmitting their pro- 
duce, cannot hope to compete with the furnaces of Middles- 
brongh, which are simply perfect in their economic 
adaptation, and yet slow enough are the Black Country 
Ironmasters to exhibit their practical belief in furnaces 
wide of girth and closed at top. So, likewise, in the mills 
and forges, economy of fuel and labour by scientific aids 
seem to be among the last things thought of.”’ 

Without disputing either view, but to trace, if possible, 

‘ow far the economies admitted to be effected in the manu- 
facture of iron in the North of England, have been accom- 
panied by like success in the department of the raw mate- 
Tial, is the object of this paper. 

Upon the a of the Gleveland ironstone, the writer 
has already hai the honour of giving the members of this 
Institution his views, and a review of the facts appertaining 
pd supply of the requisite fuel, it is hoped, will also be 

e. 

The coking coalfield of South Durham may be taken as 
lying almost entirely to the west of the main line of the 
North-Eastern Railway, in the whole length of its course 
from Bradbury station on the south, to Gateshead on the 


north, and the length of it averaging 23 miles, by a width 
of 11 miles, gives us the orginal oa 253 the miles ; 
from this, after deducting the quantity already worked, 


Plan 


which has done so much for the economy of the blast fur- 
nace, constant efforts have been made by coke manufac- 
turers, especially by the larger firms, not only, firstly, to 
save the great loss in heat incidental to the expulsion 
the hydro-carbons in the original coal, but also, secondly, 
to make available much of the coal which, if used direct 
from the pit, would be unsuitable from its impurities for 
the blast furnace. : ; 

To show how far these two objects have been attained, it 
is proposed to direct attention—first, as to the utilisation of 
waste heat, to what does it amount; and next, as to how 
it can be saved. 

The ammonia and tar contained in the gases served for 
long to distract attention, and large sums were expended 
in the attempt to save them, but the result was always the 
same. The coke was so much injured in quality that the 
saving in one direction was counterbalanced by a loss in 
another, and at — it was satisfactorily established 
that to make good coke the pn must have free outlet, 
and the ovens burn as nearly in the old-fashioned style 
as possible. With this view the arrangements shown on 
Fig. 3 of the annexed diagrams have been adopted at the 
Browney Colliery ; the ovens are in double rows, back to 
back as usual, but the flues between are much or 
(marked A), averaging 6} ft. high and 3 ft. 6 in. in width. 

To each chimney of 120 ft. in height are connected about 
100-ovens, an equal number on each side, and the fines and 
boilers B, four in number, are so arranged that the heat 
can be carried past when cleaning or are requisite 
—the small connecting flues C being built as compact and 
tight as possible, and thus the remarkable freedom from 
smoke seems owing to the air-tight and perfect character 
of the flues, the small amount of surplus air present not 
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x Paper read before the Iron and Steel Institute at 





* See evidence of Mr. I. L. Bell, M.P., before the Coal 
Commission, 1872. 








flue 24 square feet—28,488 cubic feet per minute. This 
exceeds by 4005 cubic feet the theoretical quantity of the 
gases, supposing that only just sufficient atmospheric air is 
admitted to effect the complete combustion of the known 
weight of matcrial lost in co 230 tons of coal ; and this 
4008 cubic feet represents roughly the unavoidable excess 
of air used in coking, and the presence of which was 
evident by the ease with which a piece of charcoal burnt 
when lowered into the flue. 

The theoretical quantity above referred to was tus 
obtained ; 230 tons of coal of the following approximate 
composition : 


Ox ty 
Carbon ROS OS OF ie ee aa 1968 
Ans : "23 
Sulphur oe; a 
Ash ose 53 


230.0 
ield, on coking, about 60 per cent. of coke, of the fol- 
lowing approximate composition : 
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Tons. will reduce to powder very nearly 40 tons per hour, at a| portable carriage, after having been placed in a suitable 
Carbon = as ose eo wee eve 182.7 cost of not more than }d. per ton, such an improvement has | collar. : 
Aah ic ee me lt ee ee OS been effected, that the coke is now almost all that can be} Twenty shots were first fired with the ordinary war 
oa desired, No change can be detected in the analysis, the charge of 9 lb. of powder and the 40Ib. shell; after this 


138.0 
Therefore, the composition and weight of the materials lost 


in coking are : The washing of coal is best done in an open trough, sa: 

Tons. 60 ft. lng, wit stoppers or ledges to catch the stones pes | 

Carbon... 62.6 dirt, and stirred up pape 9 by hand rakes whilst the 
Hydrogen ... 10.3 water flows over it. It is an invention, and has been of 
Nitrogen ... eco ave 2.3 great service. No donbt many have a prejudice against 
Sulphur .. = ave ‘ ‘ 1.4 washed coke, and say it is never so good as the other, for- 

ose eco eco ose oe 15.8 getting that coke made‘from unwashed material is almost 

To com the combustion of these into N, CO,, | always made from a superior origi age’ 

H,O and is required 1023.4 tons of air, making aj By these means quantities of the hitherto neg- 
total weight of waste gases of 1115.4 tons, of which : lected coal in the eastern districts of the county will, no 
790.3 tons are nitrogen. doubt, be made available. ’ 

229.5 ,, carbonic acid It seems needless to add more, beyond recording that the 
2.8 ,; steam. total coke ovens now in operation number about 14,000, 
SS « sulphurous acid. forming a branch of manufacture which gives employment 
which, at a tem of 1500 deg. Fahr., will occupy a | to about 2000 exceptionally steady hard-working men, and 
of 123,999,000 cubic feet ; and since the coking of | a useful investment for at least a million sterling. 
tons of coal occupies, on an average, 84 hours, we 


have 24,493 cubic feet per minute, or 4005 cubic feet less 
than the observed quantity as above. 

Next, as to the heat commonly wasted. We have 1115.4 
tons of mixed gases, at a temperatare of 1500 deg. Fahr., 
which, if they could be reduced to the temperature of the 
atmosphere (say 60 deg. Fahr.), would have the following 
heating value in tons of H,O raised 1 deg. Fahr. 





a or 

Tons. gs. Sp. Heat. Tons H,O. 

N 790.3 =x 1440 x .244 = 277,680 

co 229.55 x 1440 x .216 = 71.383 

H,O.. 928 x 1440 x 1475 = 63.477 

80, 28 x 140 x 155 = 624 
Tons H,O 412,997 


which is ivalent to evaporating 415 tons of water at 
212 d Fabr. But, owing to the fact that the tempera- 
ture of the gases was only reduced 750 deg. Fahr., instead 
of 1440 deg. Fahr., the above quantity is reduced to about 
one-half, or 216.1 tons, evaporated in 84 hours, or 2.6 tons 
in one hour. This was tested in an actual experiment (on 
the two boilers supplied with the gases from 50 ovens, 
coking 230 tons in BS hours); the quantity evaporated in 
one hour being 2.4 tons, an approximation quite as close as 
can be expected. . 

The total theoretical heat actually developed in the pro- 
cess of coking at the above rate is equivalent to evaporating 
17 tons of water per hour, which is thus expended : 


Tons. 
Heat utilised by boilers... 2.40 
escaping inchimuey .. .. ... ... 2.54 
lost in radiation from ovensand fines 12.06 


17.00 

Thus, even in the plan described, but a small ntage 
of the total heat generated in the ovens is utilised, although 
if this was carried out throughout the district of South 
Durham, where in colliery boilers not more than 6 lb. of 
water, on an average, is evaporated per 1 lb. of coals, we 
should have a saving of 1,085,869 tons of coal per annum, 
or amoney value of 271,4671. ; but this by no means repre- 
sents the total saving to the colliery owners; firemen are 
entirely avoided, with the exception of one man on each 
shift to attend the boilers, so that the total economy which 
would be effected, were the —— generally adopted in 
the county, would be fully 300,000/. per annum. 

The ooes pee of the subject for consideration is the 
means adop for enabling much of the coal of inferior 
character, and containing a high percentage of ash to be 

as furnace . 
The Brockwell seam of coal, which extends over the 
ter part of the district, is one of the purest and best 
nown coals for coking =, but already many others 
of a quality inferior to it are being worked, and by crushing 
and washing rendered fit for use. 

By means of crushing not only small, but to powder, 
very great advantage has been proved to result, the rough 
** gas coke’’ looking pieces being entirely avoided, the coke 
altogether being much harder, and the ballast or refuse 
reduced from five to two per cent. of the whole. 

Thus experiments made to test the benefit of coal crushed 
to powder showed as a result : —— 

Percen‘ ercentage 
of Coke, of Ballast. 


ms - 59 2 
Notcrushed ... -” . 58 5 
at ballast is meant not only ash, but refuse small coke 


The value of hard coke to the iron manufacturer has 
ical steengte d ability eyo the it of ths oom a 
an ight en 
—thus Mr. Bell says ov I have akaeh Loupvie, that the 
carbon as it exists in different qualities ‘of coke is not 
influenced in the same degree by solvent power of CO,, 
that of the soft description, known as ends, bei 
more easily attached than the hard silvery looking kin 


i readily be understood when we think of the 
relative combustibility pa age of soft coke, in a fire- 
grate, compared with a similar quantity of hard dense coke 
or a piece of gas carbon. It is no doubt a conse- 
quence of the physical state of the material. 

Owing to some peculiar condition of the coals at Browney 
Colliery, attributed to the ce of basaltic whin in the 
imm vicinity, it was found impossible to make a coke 
of sufficient density, although nothing was traceable in the 
analysis, but, by the application of a disintegrator, which 








chemical being such as to make it impossible 
to trace any cause for the previous imperfection. 





CAST STEEL GUNB. 
Experiments with the New Artillery made from Steel 
without Blows.* 
By M. GautrEr, C.E. 

Ar the last meeting of the Institute, I exhibited several 
8-in.and 10-in. shells, made out of steel without blows, which 
had been simply cast, tempered, and reheated. These had 

metrated armour plate of a thickness equivalent to their 
Teasciee at an angle of 30 deg. These remarkable results 
were obtained not only in France but also by the Italian 
and Russian navies. In such oblique firing the work of 

oration becomes complex. The first action on contact 
is one of campression ; this is followed by a certain amount 
of flexion, which tends to bring the projectile to a position 
perpendicular to the plate at the point of least thickness ; 
at last, after penetration of the conical head, comes the 
friction of the cylindrical portion against the rough edges 
of the hole, which tends to elongate the shell longitudi- 
nally. Such a metal resisting both tension and compres- 
sion against instantaneous deformation is remarkable. We 
then confidently expressed a hope that the time was nigh 
when artillery would be made from steel without blows as 
werful as from the best forged steel, and not much more 
ifficult to manufacture than the old cast-iron and gun- 
metal cannon. This result has now been obtained, the first 
experiment having been tried on the 17th of August last, 
in one of the French Government arsenals. 

On whatever basis we study the resistance of elastic 
tubes, it is easy to see that the portion of a cannon made in 
one piece which suffers the most must be that portion 
wherein d tion of the powder occurs. This action 
decreases rapidly, so that in certain cases the doubling of 
the thickness of metal does not increase the resistance by 
more than 10 to 19 per tent. In order to overcome this 
inequality of mo r work in heavy ordnance, it is well 
known that a succession of concentrical envelopes has been 
employed, applied in close contact to one another and com- 
pressing the central portion ina permanent manner. When 
the powder is exploded this compression, which decreases 
from inside out, must be overcome, after which the metal 
acts only by traction in a regular manner, from the centre 
to the periphery. The French heavy artillery is based on 
this principle, and is formed of three elements: 1, the cen- 
tral tube which has most duty to support and is made from 
hammered cast steel ; 2, the body, which is cast iron, 
although a better material might be found ; 3, the frettes 
in puddled steel, which produce the desired compression. 

The most severe test which the steel without blows could 
be made to resist, was by employing it in the shape of a 
simple tube. 

Such a one was cast at Terre-Noire of a diameter of 8 in., 
and this was bored by a hole 5 in. in diameter, so as to leave 
only 1} in. of metal on the outside. Nothing else was done 
besides a tempering and reheating, after which it was 
grooved and a screw head adopted to carry the breach. 
Before p ing to the conclusive experiments, several 
pieces of the metal cut dicularly to the axis of the 
tube were tested with the following results : 











Limit of | Charge of 

is | Elasticity. | Rupture. os eal 

| Tons per | Tons per Pe % eat 

Square Incb./Square Inch, . 
Attheback ... .., No. | 22.0 42.5 11.1 
ee No. 2. 22.2 39.6 8.7 
| apingi iy yD 22.5 38.1 16.1 
aime ge-* *. No. 2) 22.7 38.5 15.0 











Several pieces 1} in. square and 6 in. long were next 
submitted to the shock of a ball weighing 40 Ib., and al- 
lowed to fall from increasing — The supports were 
5 in. apart, and rested on an anvil weighing 1800 lb. These 
pieces resisted well, and one of them did not break when 
the ball fell from 8 ft. in height, which gave it a bend in 
centre of about 1 in. 
The French Government having imposed for the trials of 
all steel tubes destined for the Navy : 
Tons per 
Square Inch. 

Limitof elasticity 0 neste (sD 

Charge of rupture o.. «8 
Tt will be seen from the above that the tube in steel 
without blows answered more than the requirements. For 
the experiments with powder the tube was mounted on a 








* “ Chemical Phenomena of Iron Smelting,”’ Pp $15. 


10 shots with a shell weighing 47 lb., and from this time 
rh norm - youre wes ee increased 
. every 0 8 remaining identical until 

e 100th shot was fired. At this point the chamber was 
quite full, and the charge had to be rammed in order to get 
it into place, and much difficulty was found in closing the 


fo. the c 


gun. e@ experiment was stopped at this point as the 
official ion test had been accomplished. After each 
10 shots the tube was washed out with care, and measured 


by means of precise instruments in every portion of its 
course. No of any kind was discovered, and the 
deformation of the chamber was found to be less than half 
of the average in forged steel tubes. Other tubes will be 
submitted to trial very shortly, two of which will have an 
internal diameter of 4in. only. One has been cast of 13} in. 
outside diameter for a gun the body of which in east steel 
is to bon 19 tons. As the central tube is the more deli- 
cate portion of the cannon, I have little doubt of success 
in manufacturing the body also in steel without blows, and 
that we will soon turn out with very limited means of ma- 
nipulation, artillery castings weighing 20 tons each. Ex. 
perience will soon h us if we are right in this matter. 

The remarkable results of those first experiments show, 
if nothing else, that we have had to deal with a metal pos- 
sessing very interesting and valuable properties, well 
worthy the attention of engineers. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

New Railway Works at Bradford.—Extensive altera- 
tions and improvements are about to be effected at the 
Exchange Railway Station, Bradford, and the preliminary 
operations have ady been commenced. The present 
narrow tunnel is to be entirely dispensed with by pulling 
down numerous lots of property, and the passenger station 
will be greatly extended. An entirely new goods depét will 
be formed near Bridge-street. The Great Northern Com- 
— has entirely remodelled its Adolphus-street goods 
epst, and is spendiug large sums of money in improving 
the line between Bradfor and Laister Dyke, as also in 
altering the station at the latter place. 


The 8) bridge Coal and Iron Company.—The annual 
report of this large company states that the colliery at 
Newstead has been opened ont during the year, and is now 
raising coal atthe rate of 100,000 tons per annum , which 
quantity can be increased. The sinking at Langwith has 
now reached a depth of 400 , and coal will shortly be 
reached. Very little water been met with. At Glap- 
well the company have not commenced any important 
operations as the Midland Railway Company have not 
begun the branch line there. 


Sheffield United Gas Light Company.—The report of 
the directors of this company states that on and after 
January 1st next, the charges for will be 2s. 9d. for 

uantities up to 500,000 ft., 2s. 7d. from 500,000 ft. to 

,000,000 ft., and 2s. 5d. for all above the latter total, in 
one and the same year. The new gasholder tank at Neep- 
send been finished by the contractor, and it is expected 
that the gasholder will be placed therein before the year is 
out. In order to facilitate public street improvements 
the rs have agreed to the removal of the go- 
vernors in Bow-street, which regulate the supply to the 
higher parts of the town, to another site. 


Railway Projects in the Batley District.—Some time 
ago the various chambers of commerce, in what is known 
as the heavy woollen district of Yorkshire, had before them 
a scheme which was stated to be contemplated by the London 
and North - Western.Company of making a line from 
Heaton Lodge Junction on the Manchester and Leeds Rail- 
way, to the end of the Morley tunnel, with a view of short 
ening the route between Morley, Batley, Heckmondwike, 
&c., and Manchester. The secretary of the company has 
written, however, saying that although the directors are 
quite alive to the importance of the scheme and will not 
lose sight of it, they would prefer it to remain in abeyance 
at present. 
Proposed New Railways.—It is stated that the Great 
Eastern intends to promote a new and independent line 
from Askern, near | ane cng to Lincoln, where it will 
4 the Great Northern loop, over which the Great Eastern 
already running powers. We may also state that in 
order to checkmate this the Great Northern is already 
surveying out a line from Lincoln to gem y across the 
numerous fen parishes not now provided with proper rail- 
way accommodation. 
Staveley Iron and Coal Company.—The directors of 
this company in their annual report state that the Barl- 
borough Colliery has been in operation some months, and 
is being greatly developed, considering the depression of 
trade. the Ireland pit is now nearly completed, and in the 
course of a few months will be in full work. The works 
in connexion with the Newstead sinking will shortly be 
completed, and the colliery ready to turn out a considerable 
amount of coal. In order to improve the ventilation of 
the Ireland and Hollingwood Collieries, and to render 
them more secure from an irruption of water, it has been 
determined to sink a new shaft at New Ho! d with 
pumping machinery and fans for ventilation 
purposes. 





Rarway Exrenston 1x Sours AusTRratia.—The 
estimated cost of an intended railway from Port Augusta 
northward to Willochra—a distance of 39 miles—is 
ene This estimate includes land, stations, rolling 
stock, &. 





* Paper read before the Iron and Steel Institute at 
Neweastle. 
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THE “ INFLEXIBLE.” 

To those who, like ourselves, hoped that the 
question of the stability of the Inflexible was in a 
fair way for being satisfactorily solved by the Com- 
mittee to whom it was intrusted by the Admiralty, 
the events of the last week or two must have brought 
considerable disappointment. Our readers must 
know pretty well the bearing of the case up to the 
time the Government appointed the present Com- 
mittee, consisting of Admiral Sir James Hope, Dr. 
Woolley, Mr. Froude, and Mr, Rendall, to inves- 
tigate the subject. Although it was felt at the time 
by many that a Select Committee of the House of 
Commons would have been a more fitting tribunal 
to deal with a subject of such vast importance to 
the country, and although it was urged against the 
Committee appointed that its members were all 
more or less closely mixed up with the Admiralty, 
and therefore not really impartial, we hailed the 
appointment of such men as Mr. Woolley and Mr. 

roude as a guarantee that the scientific aspect of 
the subject at least would be ably and intelligently 
dealt with. Our chief regret was that the Com- 
mittee was limited to so few in number, that it 
comprised only one naval officer and not a single 
naval architect, although it is essentially a question 
of naval architecture and naval gunnery that has to 
be dealt with, 

After the appointment of the Committee, people 
naturally became curious to know the nature of the 
instructions under which the inquiry was to be con- 
ducted, and what form the inquiry would take, The 
Admiralty however refused for some time to publish 
the instructions to the Committee, but at last con- 
sented to do so under, we believe, a threat to divide 
the House of Commons on the subject during the 
last days of the session. It then ap that the 
rt 
to 


dmiralty had requested the Committee to re 
their opinion on the following three points : (1) 








the possibility or grobebiliy of the occurrence of the 
contingencies contemplated by Mr. Reed as being 
likely to happen very early in an ie os. mw 
namely, the complete penetration and waterlogging 
of the unprotected ends of the ship, and the blow- 
ing out of the whole of the stores and cork by the 
action of shell fire. (2) As to whether there would 
be any risk of the ship capsizing if she were placed 
under the conditions mentioned in the previous 
paragraph, supposing that the water ballast, for 
which provision has been made, were admitted into 
the double bottom of the armoured citadel; or 
vere she vet = a sufficient amount - 
ility to enable such tempor repairs to 
executed as would enable hae to oF a port, @) 
Whether, all points considered, the ship is, so far 


‘s,! as can be ascertained from the design and calcula- 


tions, a safe seagoing vessel, and whether, when the 
amount of damage to which her unarmoured ends 
would be “exposed in action is borne in mind, 
sufficient provision has been made to insure in all 
human probability her safety under such con- 
ditions,” 

The first question is obviously one of naval 
nery pure and simple, and one that can only be 
periments. e 
Committee as constituted is certainly not the highest 
tribunal that can be conceived for determining such 
a point as this, and it is remarkable that they are 
not asked to fully investigate it, but only to offer 
their opinions on the “possibility or probability of 
the occurrences of the contingencies contemplated 
by Mr. Reed.” No mention is made of the fact that 
the same contingencies were contemplated by the 
Constructors of the Navy and by the Ordnance 
Department at the time the ship was designed, and 
that it was one of their points of recommendation of 
the a to hoe Pg Lord of the en pena | that she 
wo e perfectly safe supposing such contingencies 
to happen. No mere opinion on this point can be 
of value, as we have contended throughout this 
controversy, and it is therefore useless to set the 
members of the Committee speculating upon its 
possibilities and probabilities, especially when the 
matter can be set at rest once for all by carefully 
conducted experiments. We have already ventured 
to suggest that one of the first steps taken by the 
Committee should be a recommendation that such 
experiments should be at once undertaken, It is 

ifficult to say whether under the instructions such a 
course is open to them, and if not their mere opinion 
can carry but little weight, Certainly the instruc- 
tions do not seem to contemplate any such thorough 
investigation of this really vital point of the mf 
as is possible, and as we deem absolutely essential, 
and they tend rather to elicit the expression of 
merely speculative opinion, 

The second question referred to the Committee 
appears even more extraordinary than the first one, 
both as to its substance and the guarded manner in 
which it is drawn. Here it will be seen that the 
Admiralty shrink from asking an opinion as to the 
safety of the ship in her normal condition, but 
assume her to be specially ballasted by the intro- 
duction of a quantity of water into the double 
bottom, a condition never contemplated at the time 
the vessel was designed, as shown by the estimates 
of her fighting draught given in the Parliamentary 
Papers, and one which would reduce the freeboard of 
the ship to aserious extent, and introduce a new ele- 
ment of danger that unfortunately appears to lie 
outside the scope of the Committee’s instructions. 
The second part of this question asks ‘‘ whether she 
would retain a sufficient amount of stability to 
enable such temporary repairs to be executed as 
would enable her to reach a port.” For vagueness 
and ambiguity it would be difficult to rival this so- 
called instruction. Here are four L rarer omy 
neither of whom is a naval architect or shipbuilder, 
or therefore acquainted with the repairs of ships 
either afloat or ashore, asked to state whether 
under certain unknown conditions, injuries the 
nature or extent of which nobody can foretell, are 
capable of being so effectually repaired at sea as to 
render the vessel capable of reaching some unknown 
port under any om ble condition of weather! 

Even under this question of the vessel’s stability 
with all its own imported vagueness, lies all the 
uncertainties of the ery question we have 

inted out in connexion with the first part of the 

ommittee’s instructions. 

To question (3) we should have little of objection 
to offer if it stood alone free from its connexion 
with (1) and (2), andif it had @ more 
thorough investigation than it appears to do; 





because as it at present stands we fear the words 
‘*so far as can be ascertained from the design and 
calculations” might be taken to imply the exclusion 
of that most essential part of the inquiry—artillery 
experiments for determining the effect of shell fire 
upon cork and light iron structures. 

We have refrained from discussing this subject 
since the appointment of the Committee, and should 
have continued to refrain from doing so had the 
members of the Committee themselves seen fit to 
maintain silence pending the result of their inquiry. 

It is difficult to express the surprise we felt on 
reading in the Times of the 6th inst. a report of 
a lecture delivered by Mr. Froude in Portsmouth 
Dockyard on the stability of ships, illustrated by ex- 
periments with models of the Inflexible. t 
report contained statements calculated to exert con- 
siderable influence on public opinion on the question 
at issue respecting the ro of this ship. Some of 
the statements contained in the reports we have seen 
of Mr. Froude’s lecture are so obviously unsound 
and unscientific that we cannot for a moment suppose 
Mr. Froude’s words have been correctly reported. 
For instance, Mr, Froude is reported by the 7imes to 
have said, ‘‘ For bodies to float in a stable condition 
it was necessary that the vee of the water dis- 
placed should equal the weight of the body, and 
that the centre of gravity should be below the centre 
of buoyancy. When the centre of gravity of the 
ship is above the centre of buoyancy the ship will 
be capsized if it be inclined beyond a certain angle.” 

These statements regarding the effect produced 
on the stability by the relative positions of the 
centres of gravity and buoyancy are entirely falla- 
cious, and we therefore cannot regard them as 
coming from Mr. Froude. They show, however, 
that although Mr. Froude might have been instruct- 
ing the officers of Portsmouth on the true theory of 
the stability of ships, his lecture, as reported, must 
have had a misleading influence on a much larger 
portion of the public, But this is not the point to 
which we desire chiefly to direct attention, The 
report goes on to say : 

“The model was next hoisted out of the water 
and suspended upon knife-edges at the centre of 
gravity as calculated by the ‘Admiralty officials, the 
result proving the correctness of the calculations. 
The final experiment, and the most important in 
view of the deliberations of the Committee, con- 
sisted in removing the portions representing the 
unarmoured ends of the Inflexible above the ar- 
moured deck, and lowering the model, which now 
represented the submerged hull and citadel of the 
ironclad, into the water, where it floated in a per- 
fectly stable condition,” 

It is impossible to contend that such statements 
as this , ie to the public on the faith of Mr. 
Froude’s lecture and experiments do not prejudge, 
or appear to prejudge, the results of the Committee’s 
investigations, although to those who have given 
the subject careful attention and who understand 
such rebeary 7 it is clear enough that the report 
in question does not accurately represent what took 
place. The words we have quoted convey the im- 
— that the accuracy of the Admiralty calcu- 

tions as to the position of the Inflexible’s centre 
of gravity has been confirmed by Mr. Froude’s ex- 
periments on the model, Nothing could be more 
erroneous or absurd, The model can be made ‘to 
represent accurately enough the form of the ship ; 
but it does not and cannot represent the distribu- 
tion of weight. It does not contain in miniature all 
the details of engines, guns, stores, ammunition, 
&c., and therefore it has to be weighted specially 
to compensate for this deficiency. But the distri. 
bution of these weights in the model have to be 
based on the Admiralty calculations of the weights 
to go in the ship, and on the estimated position of 
her centre of gravity, and they cannot possibly 
therefore be wet fo corroborate the latter estimate. 
And so with the “ final riment,” it leaves an 
impression that the ship stood the test triumphantly 
through her model, without at all showing whether 
the model really represented the ship, or i 
that the condition assumed is not the one to whic 
special attention has been directed, 

We can quite believe that Mr. Froude’s lecture 
was of a purely scientific nature, and that he in- 
tended, as he guarded himself by saying, it should 
have no direct bearing upon the case of the In- 
flexible, but the time and place, and the appliances 
were most unwisely chosen, and the circumstances 
arising from this unfortunate lecture have gone far 
to excite mistrust as to the spirit in which the In. 
flexible inquiry is being conducted, 
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We should have drawn attention to the subject | 


sooner, but we could not believe Mr. Froude would 
allow the report of his lecture in the Times, from 
which we have quoted, to re unchallenged, and 
we were anxious he should have an opportunity 
of setting himself right. As, however, he has not 
done so, and as it now appears that one at least of 
his colleagues, Dr. Woolley, has publicly expressed 
his disapproval of the course followed by Mr. 
Froude, we have no hesitation in saying we entirely 
concur in the views exp by Dr. Woolley, and 
think the lecture referred to, delivered as it was by 
a member of the Committee, under the circum- 
stances, and considering the gravity of the inquiry 
the Committee have been entrusted with, most 
unwise and mischievous. 

We much fear the Committee are being led away 
by a hobby, instead of pursuing the inquiry they 
were set to investigate. So far as we can learn 
they have not yet taken any evidence at all, but are 
devoting their entire attention to model experiments. 
Let us for a moment consider what they can hope 
to discover from these experiments on models, 
The first question submitted to them has reference 
to the effect of shell fire on the unprotected ends of 
the ship. This surely cannot be settled by model 
experiments. Next, as to the stability of the ship sup- 
posing the ends riddled. It is perhaps not so well 
understood as it should be, that model experiments 
cannot possibly determine this, because the model, 
instead of checking the calculations, has to be in the 
first place weighted to bring it into accordance with 
the calculations. Then again model experiments 
cannot settle the question as to what repairs can 
or cannot be done to the ship at sea. And the 
model experiments are not contemplated by the 
terms of question (3), which has to be answered 
‘* from the design and calculations,” 

It may be asked, then, what end is sought to be 
obtained by these model experiments? We will 
endeavour to explain in a few words the light in 
which the matter presents itself to us. The curves 
of stability for the ship, which we published from 
the Parliamentary Papers, showed that even accord- 
ing to the Admiralty calculations the ship has little 
or no statical stability when the unarmoured ends 
are riddled and rendered powerless for purposes of 
stability. This cannot be disproved by the model 
experiments, But then it is contended that although 
the ship has scarcely any statical stability in this 
condition there are certain dynamical influences 
which may tell in her favour when the communica- 
tion between the water inside and outside are not 
absolutely free. 

These influences it-is said tend to lengthen the 
vessel's period of oscillation, and according to 
theory if the period of oscillation is only long 
enough, capsizing under the influence of wave 
motion becomes impossible. This is akin to the 
argument that if the stability of a ship be made in- 
definitely small, the period will be indefinitely large, 
and therefore the ship ought to be incapable of cap- 
sizing under wave impulses, although perhaps the 
movement of a man from one side to the other 
would do the business of upsetting her in still water. 
A very pretty theory on paper but a very dangerous 
one to try in practice. 

There can Me no doubt that the dynamical in- 
fluences here referred to have some importance when 
the openings to the sea are limived in extent, but we 
should be sorry to have to trust to such a “ balancing 
pole” arrangement in lieu of statical stability, and 
for this reason, that although under certain condi- 
tions of wind and sea these forces might assist the 
ship, under other conditions their effect might be 
just the opposite. It is, in fact, the case of a ship 
whose safety depends not upon her stability but 
upon the chance of a certain quantity of loose water 
inside of her washing in a certain d'rection to assist 
her always at the right moment. 

To deal scientifically with these dynamical forces 
is a matter of extreme difficulty, and the Com- 
mittee appear to be endeavouring to measure them for 
what they are worth by means of models. We wil- 
lingly grant that no one is more capable of extract- 
ing useful lessons from model experiments than 
Mr. Froude, but we much doubt whether in the 
case under consideration it will be at all pos- 
sible, even for him, to argue from the model to the 
ship, At any rate some new laws will have to be 
discovered to enable him to do so; laws that were 
quite beyond the ken of the constructors or | 
one else when the ship was designed, and that wi 
have to be most carefully tested and accepted by 
the scientific world before the safety of the ship can 


be based on them, Yet it is apparently on the off 
chance of something of this kind turning up that 
the model experiments are being pursued, and are 
made to assume so much prominence. 

We trust the Committee will not lose sight of 
the fact that the inquiry they have to conduct is 
one of grave public importance affecting the maritime 
strength and security of this country and the lives 
of hundreds of our seamen, and that it embraces far 
more than can be settled by a series of model ex- 

riments, however ably conducted or however 
interesting as scientific curiosities. And we are 
glad therefore to learn from Dr. Woolley’s letter to 
the Zimes of Tuesday last that so far as he at least 
is concerned we “ need be under no apprehension 
that the report of the Committee will be influenced 
by model experiments to the neglect or disparage- 
ment of the principles of naval construction which 
can be so much more accurately and satisfactorily 
exhibited in the form of actual calculations from the 
draughts of the ship herself.” 


LAUNCH OF THE “CLEOPATRA.” 

On the 8th inst. the ‘‘ Cleopatra” with its unique 
cargo was taken safely in one of the Government dry 
docks in Alexandria harbour. On the day before the 
Needle performed far more lively evolutions than it 
had ever previously been called upon to go through, 
and happily passed the ordeal unscathed. From the 
position where the obelisk has remained during the 
— twenty centuries to the dry dock in the har- 

ur isa distance of about eight miles by sea, and 
a considerable proportion of this length lies outside 
the new breakwater, where the rollers of the Medi- 
terranean tumble in with no inconsiderable force. 
It will be interesting to all students of naval archi- 
tecture to learn how the cylindrical ship behaved 
under these circumstances. On the day of passage 
the sea was high for the time of year, and thick waves, 
impelled by the northerly wind, rolled on parallel to 
the breakwater, sending columns of spray high into 
the air. The two tugs in charge of the Needle 
rolled continuously sponsons under, making it im- 
possible to stand on the bridge without clinging to 
the rail, whilst the Needle ship came along grandly 
after them with some forty or fifty Arabs and 
Maltese sitting unconcernedly on the plain cy- 
lindrical top with nothing to save them if the ship 
madea roll—which she never once did, so far as could 
be determined by the senses of those on board her or 
the tugs. Although she behaved exactly as theory 
indicates, and as was predicted by the engineer, it 
nevertheless struck every one with the sensation of 
a surprise to see the two powerful tugs tossing vio- 
tently with their floats fanning the air at every roll 
whilst the little cylindrical ship just let the rollers 

under her without answering to them in the 
slightest degree, merely bringing her forward and 
occasionally into the waves and charging the water 
right and left off her arched back. She would have 
pitched less than she did had she been in sea-going 
trim, but she was rudderless and was towed stern 
foremost though intentionally trimmed down by the 
stern ] ft., and by accident somewhat more, as she 
had a considerable quantity of water in her at the 
time. It was no easy task to tow her under these 
circumstances round the breakwater, and after sunset 
through the dangerous Boghos Pass into Alexandria 
harbour, and the management of Messrs, Green- 
field’s tug by her commander was beyond praise. The 
rudderless cylinder would appear first on one side 
and then on the other, and again apparently pre- 
pared to charge savagely into the broadside of the 
tug, so that the skipper generally had his wheels 
going opposite ways, either to coax along the Needle 
or to get out of her way when she charged, Captain 
Clark was busier perbaps than he had ever been before 
in towing a craft, but the Arab pilot of course sat 
cross-legged on the paddle-box smoking cigarettes 
and looking dreamily ahead as if he had done nothing 
since his childho than sit in a tug and tow 
‘* Needles” round to Alexandria harbour, 

Although the launch was only completed on the 
8th inst. a commencement was made on the 28th of 
last month, and it will be well therefore to record 
briefly the different steps taken, and the cause 
of this delay. Readers of EnGrineerine will be 
already in ion of the full details of the Cleo- 
patra, and it will be only necessary to say here, that 
on Mr. Dixon's arrival in Egypt, the cylindrical 
ship was lying ready for rolling, the cabin recess 
being filled with old rails to balance the eccentri- 
cally placed obelisk, and this cylinder being lagged 
with 6 in. planks for a length of about 12 ft. at each 














end in order to protect the iron skin against possible 





injury from stones on the sea bed. Mr. Dixon anti- 
cipating the possibility of a hitch, wisely decided to 
have no ceremony at the launch, but nevertheless 
some thousands of the mixed population of Alexandria 
formed avery picturesque background to the Cleo. 
patra on the morning of the 28th, and it may be 
stated here that the local interest in the operation 
did not flag notwithstanding the delay. Mr. Vivian, 
Her Majesty’s consul-general, frequently drove to 
the spot, and amongst other distinguished native 
visitors was the popular princess, the Khedive’s aunt, 
who halting her cortége of soldiers, syces, and 
eunuchs, leant forward and watched the operations 
for a long time, with very genuine expressions of in- 
terest. Some half-dozen screw-jacks were ranged 
along the cylinder to start it down the incline, which 
had been formed of quarry rubbish from the shore to 
the point where the cylinder would float, and a couple 
of lighters with winches were moored ahead to haul 
on the wire hawsers which were wound five times 
round the cylinder at each end. Messrs, Greenfield’s 
tug and an Egyptian Government tug were also in 
attendance, ‘The screw-jacks were manned, and the 
ship went slowly and surely ahead, making in the 
course of the day two attempts to run off to sea, 
amidst the cheers of the lookers on, but stopping 
each time after about a quarter of a turn had been 
made, so that at sunset the cylinder had advanced 
into but 3 ft. depth of water. 

On the morning of the second day the jacks were 
set to work again, and with the help of the tugs the 
cylinder took a fine roll into about 7 ft. of water, 
and then to the disappointment of all again pulled 
up. The tugs were backed and ran at the hawsers 
again and again, until towing tackle and almost 
everything was smashed, except the splendid steel 
wire hawser, which Mr, N waall hed specially manu- 
factured and presented to Mr. Dixon for towing the 
Needle home. It was then discovered that the cy- 
linder was full of water, and the manhole covers 
being downwards it was considered probable that 
one of them had been torn off in jerking the hawser, 
but, as subsequently proved, a large and hard stone 
had cut through the iron skin forward of the end 
bulkhead, and since (as usual) the doors of the 
different bulkheads had been left open, the whole 
vessel was filled with water. A difference of opinion 
as to the next steps to be taken here occurred be- 
tween the ‘‘ home detachment,” Mr. J. Dixon and 
Mr. B. Baker on the one hand and the resident en- 
gineer and his staff on the other, and as Mr. Dixon 
generously refrained from interfering too peremp- 
torily with those who had hitherto ably carried out 
his plans, some two or three days were lost in at- 
tempts to pump dry a vessel which was known to 
have filled in a few minutes, and to haul forward 
by means of a steady pull of tugs and tackle, 
capable of exerting a few thousand pounds strain, 
a mass which had refused to budge when the same 
tugs were dashed at the hawsers at a speed of four 
to five milesan hour. These means of course fail- 
ing, it was proposed to borrow a couple of old 
wrecking lighters from the Government, but as this 
would have involved a perfectly unjustifiable waste 
of time Mr. Dixon reverted to his original sugges- 
tion and prepared a timber crib about 9 ft. square 
filled with old rails and stones. This was hauled 
forward against the cylinder by a chain attached 
to it and passing under the cylinder, and with 
the help of a couple of hydraulic jacks work- 
ing on the top of the crib the cylinder was 
once more in a few hours rolling seawards. As soon 
as the bottom plates came to the surface a patch 
was secured over the hole made by the stone, the 
vessel was pumped dry, and it only remained then 
to recall the tugs and let them haul off the ship, 
which they easily did on the morning of the 7th inst. 
The counterbalance was then removed, and the 
obelisk having been placed 4in. out of centre, the 
metacentric height would be about 5in. only, or 
half of what it will be with the ballast in and the 
vessel generally in trim for her homeward voyage. 
The Khedive having now left Alexandria, the delay 
is a subject for regret, as His Highness had given 
Mr. Dixon his personal assurance that he would, if 
on the spot, be pleased to officiate at any ceremony 
which might be arranged on the undocking of the 
Cleopatra when finished, as his predecessors 
always been desirous of the Needle going to London, 
and he was delighted it was at last on the road there. 
The significance of the delay, in an engineerin 
point of view, is but small. The ship rolle 
smoothly and with the greatest ease down most 
portions of the incline, but elsewhere the long and 
unusually heavy sea had destroyed the slope or 
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reversed the gradient, and even cast up a stone 
large enough the pierce the cylinder, and at these 

ints the rolling was checked, With the exception 
of this one stone, which had eeca the notice of 
the diver, nothing was encountered injurious to the 
vessel—indeed, the wooden lagging was hardly in- 
dented. 

The Cleopatra was christened on Wednesday last, 
and starts to-day in tow of the steamer Olga, for 
England. She has been fitted complete for her 
homeward voyage, under command of Mr. Carter, 
one of the ablest and most popular ‘ chiefs” of 
the P. and O. service. 








THE IRON AND STEEL INSTITUTE. 


THE autumn meeting of the Iron and Steel Insti- 
tute, which commenced at Newcastle on Monday 
last, is one which promises to be thorougly suc- 
cessful, the locality being eminently adapted for 
such a gathering and the papers contributed being 
not only interesting in themselves but also of a 
character well calculated to promote good discus- 
sions. The proceedings on Monday last were merely 
of a formal character, consisting only of a meeting 
of Council and a formal meeting for the election of 
members. The real business may be said to have 
commenced on Tuesday morning, when the mem- 
bers were received at the Wood Memorial Hall by 
the Mayor of Newcastle, Mr. J. O. Scott, and the 
Sheriff, Mr. W. Stewart. After a few words of 
hearty welcome from the Mayor, speaking, as he 
said, on behalf of the corporation and inhabi- 
tants of Newcastle, the meeting was addressed 
by Mr. Joseph Cowen, M.P., who after pelating 
out the claims of the borough he represente 
to the attention of a body like the Iron and Steel 
Institute, gave a sketch of the progress of sci- 
ence, art, and manufactures, and directed special 
attention to the rapidity which had characterised the 
advances of recent years as compared with the slow 
development which took place during the Middle 
Ages. At the conclusion of Mr. Cowen’s address, 
the President of the Iron and Steel Institute, Dr. 
C. W. Siemens, returned thanks to the Mayor and 
Mr. Cowen for their welcome, and the members then 
adjourned to the adjoining lecture-room of the 
Literary and Philosophical Society, where the meet- 
ing for the reading of papers was held. 

Dr. Siemens in commencing the proceedings took 
occasion to pay a well-merited tribute to the me- 
mory of the late general secretary, Mr. John Jones, 
whose death since the meeting in London, in March 
last, has been a severe loss to the Institute. Dr. 
Siemens observed that before the close of the meet- 
ing an address would be moved and certain sug- 
gestions made to show their appreciation of the 
late secretary's services, and he then went on to 
announce that out of the numerous candidates for 
the vacancy left by Mr. Jones’ decease, Mr. James 
S. Jeans had been chosen to fill the office of general 
secretary to the Institute. Dr. Siemens next ob- 
served that he desired to correct a statement he had 
made in the course of his presidential address, de- 
livered in London in March last, this statement 
being to the effect that Lloyd’s Register had refused 
to give steel a special position as a constructive 
material for ships and boilers. This statement, 
however, did not now apply, Lloyd’s having made 
an allowance of 25 per cent. in scantlings in favour 
of steel as compared with iron, and a steel ship with 
steel boilers being now in course of construction by 
a firm in the Tyne district. The next matter re- 
ferred to by the President was, as he said, one of a 
somewhat delicate nature, namely, the remarks 
made by Mr. Bessemer at the last meeting as to the 
treatment he had received from Messrs. Schneider 
with reference to his patents. The matters alluded to 
by Mr. Bessemer were, Dr. Siemens observed, such 
as were not fitted for discussion at the meetings of 
the Institute, and he regretted that Mr. Bessemer’s 
remarks had been printed in the Transactions. As, 
however, the report was in print before the matter 
was specially considered, all they were able to 
do therefore was to print as an appendix a letter in 
reply to Mr. Bessemer’s observations which had 
been received from M. H. Schneider. Dr. Siemens 
added that he was pleased to bear testimony to the 
courteous manner in which he had himself been 
treated by Messrs. Schneider in the course of his 
business transactions with them. 

_ The secretary having announced the election of 
sixteen new members, the discussion was then re- 
sumed on the paper “On the North Lincolnshire 
Iron District,” read by Mr. G. Dove, Jun., at the 





Leeds meetiog last year. This paper was published 
by us in extenso on page 251 of our twenty-second 
volume, and on page 259 of the same volume we gave 
an abstract of the discussion as far as it was carried 
on at Leeds. It will be remembered that on that 
occasion the discussion was adjourned in consequence 
of its being considered that the paper could be better 
dealt with after the members had visited the North 
Lincolnshire district, such a visit having been ar- 
ranged as one of the excursions during the Leeds 
meeting, The resumption of the discussion on 
Tuesday last was commenced by a few remarks from 
Mr. Dove himself, who observed that the chief dif- 
ficulties to be overcome in carrying on the iron 
manufacture in North Lincolnshire were, first, the 
irregularity in the quality of the stone, and second, 
the supply of fuel. As had been pointed out at the 
Leeds meeting the great variation in the quality of 
the North Lincolnshire ore arose chiefly from the 
want of care in its selection, and the consequent 
irregularity in the proportion of lime admixed with 
it. Ifthe quality was more regular it was very easy 
to add silicious ore from other districts in such pro- 
portions as to produce satisfactory results, both as 
regarded the quality of the iron produced and the 
nature of the slag; but the present irregularity in 
the North Lincolnshire ore rendered its treatment 
difficult, and Mr. Dove considered that steps should 
be taken to insure an improvement in the supply. 
As regarded the fuel available in the North Lincoln- 
shire district, Mr. Dove observed that the great 
distance of that district from the Durham coalfield 
had been a decided disadvantage, the Durham’ coke 
being until lately much superior to that obtainable 
from South Yorkshire. He was glad to say, how- 
ever, that very decided improvements had of late 
been made in South Yorkshire coke, and that manu- 
factured from Silkstone coal promises to eventually 
equal that from Durham. 

The next speaker was Mr. Daniel Adamson, who, 
in the coutse of some brief remarks, observed that 
he agreed with what had been stated by Mr. Dove, 
and that he considered that with greater care in the 
supply of ore of uniform quality and with the ad- 
vantages derivable from the improvements in the 
manufacture of South Yorkshire coke the North 
Lincolnshire district would be fully capable of hold- 
ing its own. A reference by Mr. I. Lowthian Bell 
to the paper by Mr. Daglish and Mr, Howes on 
the geological features of the North Lincolnshire 
district, contributed some time ago to the North of 
England Institute of Mining and Mechanical En- 
gineers, brought the discussion to a close, and a 
vote of thanks was then passed to Mr, Dove for 
his paper. 

ext the discussion was resumed on the paper 
‘On Chaudron’s System of Sinking Shafts through 
Water-bearing Strata,” read by Mr. Henry Simon 
before the last London meeting, Mr. Simon first 
making a few supplementary remarks, Since his 
paper was read, he stated, two more pits had been 
sunk in France by the Chaudron system, while at 
Cannock one pit, which has been made with the 
small borer, had been sunk to a depth of 125 yards, 
while the other and larger pit was progressing very 
satisfactorily, the sinking going on at the rate of 
2 in. to 3 in. per hour, counting the time only oc- 
cupied in drilling. 

r. Homer, who spoke next, stated that he had 
had the opportanity of examining the Chaudron 
system of sinking on the Continent, and had 
visited three pits sunk by this method near Essen. 
The testimony he had received as to the efficiency 
of the system was very satisfactory, and he himself 
considered it to be a very advantageous mode of 
sinking through water-bearing strata to depths of, 
say, 120 yards or 125 yards, while it was un- 
doubtedly much cheaper than ordinary methods, 
Next M. Deby endorsed the statements of Mr. 
Homer, and bore witness to the success which had 
attended the use of the Chaudron system in — um, 
while Mr. Simon, referring to a remark made by 
Mr. Homer, observed that the usefulness of the 
system was not confined to depths of 120 to 
125 yards, it having been employed in Belgium with 
most satisfactory results for a shaft 300 yards deep, 
Mr. Simon also added, in reply to an inquiry, that 
the largest bore so far sunk by this system was 
12 ft. indiameter, but that the system was being 
applied to a shaft 15 ft. in diameter. A vote of 
thanks to Mr, Simon then brought the discussion 
to a close. 

Tue Purirication or [Ron AND STEEL. 

Next a paper was read by Mr. I. Lowthian Bell 

‘On the Separation of Carbon, Silicon, Sulphur, and 





Phosphorus in the Refining and Puddling Furnaces 
and. in the Bessemer Converter; with some Re- 
marks on the Manufacture and Durability of Rail- 
way Bars,” This paper was a continuation of that 
on the same subject read by Mr. Bell at the last 
London meeting, and notwithstanding that we shall 
publish the paper itself in ewtenso, it may be as well 
that we should give a brief résumé of its contents here. 
In the first portion of his paper contributed to the 
London meeting, Mr. Bell dealt specially with the 
removal of carbon and silicon from pig iron, and 
showed that these metalloids were expelled in pud- 
dling and other furnaces at moderately high as well 
as at more intense temperatures, while as far as could 
be judged, the behaviour of sulphur was similar. In 
the second part of his paper read at Newcastle, Mr. 
Bell dealt more particularly with phosphorus, and 
adduced facts showing that this substance behaves in 
a different manuer to the three metalloids previously 
mentioned, its separation by oxide of iron being 
much more rapid at moderate than at extremely 
high temperatures, and this state of matters being 
set forth by Mr. Bell as explaining the fact that 
phosphorus was not removable by the Bessemer 
store. Passing on then to the question of the 
urability of rails, Mr, Bell gave statistics regard- 
ing the results obtained on the North-Eastern Rail- 
way with rails case-hardened by Dodds’ process, and 
ut down on that line from 12 to 16 years ago. 
hese rails it appeared were found brittle, and 
many of them broke soon after being laid, and this 
led to the discontinuance of their manufacture. 
Those which did not break, however, gave eminently 
satisfactory results as regards durability, and this 
led Mr. T. E. Harrison, the engineer of the com- 
pany, a year or two ago to induce the directors to 
make some further experiments on the use of case- 
hardened rails. With this object in view the 
directors first endeavoured to obtain iron rails of 
a higher quality than usual, and some two or three 
thousand tons of such rails were ordered of Messrs, 
Hopkins, Gilkes, and Co., each rail to be made out 
of a solid bloom produced by the Danks furnace. 
The rails thus obtained give excellent results under 
the falling weight test, but when subjected to trial 
in a curve near the High Level Bridge, Newcastle, 
where they were subjected to heavy traffic, they 
failed rapidly by the iron squeezing out on the outer 
edge of the inner rail. About 1100 tons of similar 
rails were then case-hardened, but these rails showed 
eat irregularity in strength when subjected to the 
alling weight test. Next in order to obtain a hard 
wearing surface, rails were made from a hammered 
slab containing an excess of phosphorus placed on a 
bloom of Danks iron, and the rails so made proved 
more durable than those made wholly of Danks iron, 
but none of them stood long under severe traffic, 
and the results obtained were decidedly inferior to 
those derived from the use of good steel rails. Steel 
rails made by the Weardale Iron Company from 
90 per cent, Cleveland iron and the remainder 
Weardale pig, were also tried by the North-Eastern 
Company, these rails being manufactured by 
puddling and hammering the Cleveland iron, and 
then melting it with the purer pig in a Siemens fur- 
nace, spiegeleisen being added as usual. The rails 
thus made, however, did not stand heavy traflic, 
although they seem to have done fairly well on a 
mineral branch. Mr. Bell gives in his paper the 
analyses of the various rails above referred to, and 
he concludes that at the present relative prices of 
iron and steel rails it is hopeless to suppose that the 
former can compete with the latter. 

Returning to the elimination of phosphorus, Mr. 
Bell next, instead of following his paper strictly, 
explained diagrams, which he exhibited, showing 
the manner in which the elimination of the four 
metalloids mentioned in the title of his paper went 
on in the Bessemer converter during the refining 
process, in ee furnace, and in a purifying 

rocess (hereafter described) respectively. In the 
Danemes process he showed that the elimination of 
the silicon was very rapid, while that of the carbon 
was somewhat less so, and the phosphorus prac- 
tically was not removed at all, In the refining, on 
the other hand, about 85 per cent. of the silicon 
disappeared in 19 minutes, about 40 per cent. of the 
phosphorus in 30 minutes, and about 15 per cent. of 
the carbon in the same time, while in the puddling 
furnace the removal of the phosphorus was exceed- 
ingly rapid during the earlier stages of the process 
when the temperature was moderate, becoming 
slower as the temperature rose, while finally it 
appeared that at an intense heat phosphorus was 
taken up again from the slag, Finally, Mr. Bell 
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explained a purifying process in which he had been 
experimenting, this consisting really in the washing 
out, as we may term it, of the phosphorus from the 
pig by treatment of the latter with oxide of iron at 
a moderate temperature, By the treatment of 
Cleveland pig in this way, Mr. Bell stated that he 
had in five minutes eliminated 90 per cent. of the 
phosphorus, while only reducing the carbon by 
5 per cent. In carrying out this purifying process 
Mr. Bell proposes to melt the oxide of iron (forge 
cinder, ‘ Biue Billy,” hematite ore, or other suitable 
form of oxide) in a small cupola, and then run it 
into a revolving vessel into which the molten pig to 
be treated is also run, the — iron and liquid oxide 
being thus brought thoroughly into contact, and the 
treatment being continued for a time determined by 
the extent to which it is desired to remove the 
carbon. Such in brief is an outline of Mr. Bell’s 
paper, but the paper itself deserves to be carefully 
studied, as it undoubtedly contains very valuable 
and interesting data. The discussion on the paper 
was postponed until after the reading of the 
succeeding paper by the President, 


Tue MANUFACTURE OF IRON AND STEEL BY THE 
Direct PRocEss, 


The next paper read was one by Dr. Siemens 
entitled ‘* Some further Remarks regarding the 
Production of Iron and Steel by Direct Process,” 
and this communication, which contains an interest- 
ing description of the author’s more recent experi- 
ments, part of which we publish ix extenso on page 
224 of the present number. 

As we have already stated, Mr. Bell’s and Dr. 
Siemens’ papers were discussed together, the dis. 
cussion being commenced by Dr. Williamson, who 
after some observations as to the manner in which 
the metalloids disappeared in the Bessemer and 
puddling processes, remarked that he knew of no 
case in which the elimination of __—— had 
been so a | effected by puddling as it had 
been by Mr. Bell’s mode of purification. The 
discovery by Mr. Bell that phosphorus was re- 
moved most rapidly at moderate temperatures he 
regarded as of great importance, and this quite apart 
from the question of its direct commercial value, 
which might or might not be great. Dr. William- 
son doubted whether Mr. Bell would have got the 
same results, however, if he had treated a pig rich 
in silicon, although, as he went on to say, there 
might in Mr. Bell’s mode of treatment be sufficient 
oxide of iron present both to satisfy the silicon and 
take up the phosphorus, In connexion with this 
subject Dr. Williamson remarked on the difficulty 
of defining high temperatures in consequence of the 
want of a simple and trustworthy pyrometer, and 
he referred to the experiments of Professor Dewar 
as of some promise in this direction, Professor Dewar 
having experimented on the differences of the 
spectrum obtained from bodies at different tem. 
peratures, the higher temperatures giving a wider 
range of spectrum. ‘There was thus hope that the 
spectroscope might be turned to account as a pyro- 
meter, not of course for determining temperatures 
accurately, but for defining certain ranges of tem- 

rature, Dr. Williamson also inquired of Dr. 
Siemens how it was that in his direct process the 
metallic iron heated in the bath to a high tempera- 
ture does not take up the phosphorus from the slag, 
as it is asserted to do in a puddling furnace; while 
finally he stated that near Runcorn a kind of 
direct process had been carried out by heating ‘‘ Blue 
Billy” in vertical retorts with charcoal, the retorts 
being heated by the gases from a kind of puddling 
furnace, and the materials from the retorts being 
discharged down a hopper on to the hearth of this 
furnace, where they were subsequently treated. 
Plates, he observed, had been made from the 
products thus obtained. 

Replying to the inquiry of Dr, Williamson, Dr. 
Siemens stated that although the gases at his fur- 
nace were at an extremely high temperature, yet that 
the reduction of the iron went on at the temperature 
due to that reduction, just as water would be evapo- 
rated at the temperature due to the pressure under 
which the evaporation was carried on. Moreover, the 
fluxes used produced a very fusible slag, and his 
slag was run away as formed, and altogether the 
conditions were not those supposed by Dr. William. 
son, and hence the absorption of the phosphorus 
from the slag was not to be expected. 

The next speaker was Mr, Riley, who dealt more 
especially with the portion of Mr. Bell’s paper read 

ore the London meeting, and questioned whether 
sulphur compounds are ever decomposed in the blast 


furnace, the sulphur going into the iron. He also 
expressed his disbelief that the refining process ma- 
terially reduced the sulphur, but that on the con- 
trary if the coke used was impure it sometimes added 
to it, As regarded the durability of rails Mr. Riley 
remarked that he considered that it was usually 
more dependent upon mechanical conditions than 
upon chemical;composition, his inquiries leading him 
to believe that the bad rails generally contain an 
excess of cinder, or in other words, that they were 
not well welded. He had found a very good rail, he 
remarked, that contained as much as } per cent. of 
Sane The mode of treating ‘‘ Blue Billy,” 
escribed by Dr. Williamson, he did not consider as 
likely to prove or angen 5 
The last speaker on ‘Tuesday was Mr. Edward 
Williams, who commenced by paying tribute to the 
aid which chemists had of late years rendered to 
the development of the iron manufacture. The time 
of operating by rule of thumb he remarked was 
rapidly passing away, and iron-making has been re- 
duced to an exact science. Proceeding then to speak 
of Mr. Bell’s paper, Mr. Williams remarked that 
it was not new to practical men that phosphorus 
could be washed out of molten pig by oxide of iron, 
the operation being carried on at a moderate tem- 
perature. The fact had been long known, and he 
had himself carried out many experiments in that 
direction, Thus, in 1872-3 he had carried out a 
series of experiments to ascertain if Cleveland pig 
could be efficiently treated as this was, so as to pro- 
cure an iron suitable for steel-making. He pointed 
out, however, that the important matter was not 
only to eliminate the phosphorus, but to do this 
while keeping the pig in a molten state. Iron 
suitable for Bessemer steel-making could be delivered 
from the blast furnace in its molten condition at a 
cost of not more than 15s. to 16s. above the price of 
Cleveland iron, and if the latter is to be so purified 
as to commercially take the place of Bessemer pig, 
the cost of the purification and of the remelting after 
purification (supposing this remelting to be neces- 
sary) must be something less than the difference of 
price just mentioned. His own experiments were 
successful as far as the elimination of the phosphorus 
went, but there was great difficulty in keeping the 
urified product fluid, and the cost of remelting 
Seong the price of the purified Cleveland iron 
higher than the Bessemer iron run direct from the 
blast furnace to the converter. Hence he was led to 
discontinue his investigations in this direction ; but 
he would be glad to know whether as regards this 
matter of cost Mr. Bell had been more successful. 
Mr, Williams said that Professor Williamson was in 
error in supposing that oy could not be re- 
moved by hand puddling. ith care there was no 
difficulty in doing it, He remarked, however, that in 
some cases ane ed bar when reheated took up 
hosphorus from the enclosed cinder, and hence 
ecame more impure than before the reheating 
rocess, and sometimes weaker. He agreed with 
r. Riley about bad quality of rails being commonly 
the result of bad mechanical treatment during 
manufacture, and he expressed his belief that rails 
made from ingots must be better than piled rails. 
As regarded case-hardening, he observed that it could 
be applied to rails however made, it being merely 
a mode of giving to one portion an excess of carbon. 
At the conclusion of Mr. Williams’ remarks the 
discussion was adjourned until the following day, 
and the members proceeded to luncheon, which 
had been provided by the local committee at the 
Assembly Rooms, 


Tue Consett [Ron WorkKS AND COLLIERIES, 


The afternoon of Tuesday was devoted to two 
excursions, one party of members paying a visit to 
the Roman Wall under the guidance of the Rev. J. 
Collingwood Bruce, LL.D., F.S.A., while a second 
division were conveyed by a special train to the 
Consett Iron Works at Consett, calling on their 
way at the Westwood Colliery belonging to the com- 
pany. ‘The Consett Company possess altogether 
ten collieries from which oaing and mill coals are 
raised, that at Westwood lying about midway be- 
tween Newcastle and Consett. At this colliery 
about 1500 tons of coke are made weekly, and the 
arrangement of heapstead and coke-oven plant is 
excellent, The coal raised is at once tipped down 
screens, that which does not pass the screens being 
crushed by a revolving breaker, and the small coal 
obtained being raised i small wagons running on a 
steep incline to the top of hoppers from which the 





——_ supplying the coke ovens are filled. The 
incline just mentioned carries a double line of rails, 


and the arrangement is such that two small wagons 
running on these rails make a run up or down the 
incline each time a cage is drawn from the pit. The 
incline ons fill at the bottom and discharge at 
the top of their course automatically, and the lines 
on which the wagons run for supplying the coke 
ovens are so laid out that no locomotive or horse 
power is required on the surface. The steam for 
the winding engines is raised by the waste heat 
y 


from the coke ovens. 

From the Westwood Colliery the TrO- 
ceeded to the Consett Iron Works themselves. The 
products of the Consett Iron Company include 
coking and mill coal, Durham coke of high quality, 
pig-iron, rails, ship, boiler, and girder plates, and fire- 

rick material for blast furnaces and forge and mill 
purposes. Altogether the company raise about 
a million tons of coal per annum, and turn out about 
350,000 tons of coke. In addition to the Westwood 
Colliery already mentioned the company have the 
Medomsley, Iveston, Eden, and Delves pits, as well 
as others in the neighbourhood, while recently a 
large new winning has been made at their Langley 
Park Colliery, the royalty of the Earl of Durham. 
The Consett coke is pure and much sought after, it 
being used for Bessemer pig making in Cumberland 
and largely at Middlesbrough, while it is also em- 
ployed for foundry purposes in the Midland counties. 

The blast Semmaes plant consists at present of six 
furnaces, while a seventh is being erected. The fur- 
naces are 55 ft. high, the diameter at the boshes 
being from 20 ft. to 22 ft. 6 in., and at the 
hearths 8 ft., while the cubic capacity is from 10,000 
to 13,500 cubic feet. The ores used are a mixture 
of best hematites with Cleveland stone, and the 
average weekly make is about 550 tons per furnace. 
The blast for all the furnaces is heated by Whit- 
well’s stoves, these works having been almost the 
first to adopt these stoves, and the results, we under- 
stand, being highly satisfactory. Blast is supplied 
to these furnaces by a fine pair of non-condensing 
beam engines, constructed by the Lilleshall Com- 
pany, these engines having 50-in. steam cylinders 
and 100 in. blowing cylinders, the stroke in each 
case being 9 ft. The engines are worked with steam 
of 60 lb, pressure, and run at 18 revolutions per 
minute, the piston s being thus 324 ft, per 
> The blast furnace is 44 lb. per square 
inch, 

In finished iron the princi product of the 
company is in the form tf cates: of which about 
1300 tons of various classes are produced weekly. 
The plant includes seven plate mills with 22 in. and 
24 in. trains, one being a reversing train, the revers- 
ing being effected by a clutch. ere is also a rail 
mill, In the plate mills the visitors had an oppor- 
tunity of examining a very convenient arrangement 
provided for handling the plates at the shears. The 
plate to be sheared rests on a small turntable 
mounted on a carriage which runs on rails placed 
transversely on another or main carriage running on 
rails on the floor.of the mill in front of the shears, 
The freedom of the two iages to run on rails at 
right angles to each other, together with the revolv 
ing motion permitted by the turntable on the 
upper carriage, enables any edge of the plate to be 
presented to the shears with great quickness, and a 
very small expenditure of labour. 

In addition to the iron works, a number of the 
members also visited the firebrick works of: the 
Consett ry ey the leading feature at these 
works being that the bricks (which are made by 
hand) are burned by the waste heat from a ran 
of coke ovens, the gases after leaving the brick- 
kilns being made to traverse flues under a very 
extensive drying floor before being allowed to 
escape to the chimney. Steam for the engines 
driving the fireclay grinding machinery is also 
raised by the waste heat from the coke ovens, and 
the whole plant is well laid out to economise labour 
in handling the materials and finished products. 

In their survey of the Consett lron Works, the 
visitors received every attention from the manager, 
Mr. Jenkins, and before leaving for Newcastle 
they were entertained at a luncheon kindly pro- 
vided by the company. 





On Wednesday morning the proceedings com- 
menced by a resumption of the Siecnnten of Mr. 
Bell's and Dr. Siemens’ papers, but of this dis- 
cussion, and those which succeeded it, the demands 
upon our space compel us to defer speaking until 
next week. On the conclusion of this discussion a 
paper (which we print iz extenso on page 226 of the 





present number) was read by Mr. A. L, Steavenson, 
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‘©QOn the Coke Manufacture of South Durham in 
Relation to the Iron and Steel Trades of the North 
of England,” and one by M. Gautier on “ Experi- 
ments with the New Artillery made from Steel 
without Blows,” which latter we also publish ix 
extenso this week. Of the discussions on these 

pers we must defer our account for the reason 
already mentioned, as we also must our notes on 
the excursions on Wednesday afternoon and the 
proceedings yesterday. 


THE PARIS EXHIBITION.—No. L. 

Tue two buildings which are to form the main 
features of the Paris International Exhibition of 
1878, are already in a very advanced condition, and 
the work is being pushed rapidly forward in order 
that the state of incompleteness which has generally 
been so marked on the opening days of previous 
similar celebrations, may on this occasion con- 
spicuous by its absence. Apart from the various 
annexes and pavilions which will be distributed 
over the ground set apart for the ge rary and the 
number, designs, and locations of which are not 
yet settled, the Exhibition will be held in two 
buildings, one temporary, in the Champ de Mars 
on one side of the Seine, and the other permanent, 
on the summit of the Trocadéro, upon the other 
side. The site reserved for the former extends 
rom the river wall of the Quai d’Orsay, to the 
Avenue de Lamotte-Picquet, close to the Ecole 
Militaire in the one direction, and from the Avenue 
de la Bourdonnaye to the Avenue de Suffren in the 
other. These boundaries enclose an area of about 
500,000 square yards. On the opposite side of the 
Seine, the grounds extend from the river wall of the 
Quai de Billy to the Place du Trocadéro, and from 
the Rue de Magdebourg to the Rue de Suffren. The 
area of this portion of the ground is 180,000 square 
yards. The level of the Champ de Mars falls from 
the Ecole Militaire to the Quai d’Orsay about 13 ft., so 
that the floor of the Exhibition, at the northern end 
on the natural surface of the ground, is carried on 
a system of columns and girders as it falls towards 
the Seine, forming a basement or low-level hall of 
considerable size. The Main Exhibition Building en- 
closes a space 2315 ft. long by 1145 ft. wide. The ends 
of this rectangle are occupied by lofty and wide 
vestibules running from end to end, and practically 
parailel with the river wall, whichis about 800 ft. from 
it. Both ends of each vestibule are flanked with high, 
domed rectangular towers, the line being also broken 
by a central dome, under which is the principal en- 
trance at each end of the building. The end towers 
of each vestibule are connected by a long wide and 
lofty hall, 116.ft.9 in, span, flanked on the outer 
sides by a narrower and lower gallery, 39 ft. 4 in. 
wide, and from which projects a roof or shelter 
carried on cantilevers 16 ft. 4 in. long, and running 
along the whole length of the building. The rect- 
angle enclosed between the end vestibules and the 
longitudinal halls, is covered in for a width of 
296 ft. on each side of the latter by six bays of 
roofing, three of which have large spans of 82 ft. 
each and three of; 16 ft."4 in. each, the latter form- 
ing arcades and separating the wider galleries. 
These arcades are intended to facilitate the circula- 
tion of visitors, The covered portion of the Main 
Exhibition Building (apart from the vestibules and 
the art galleries) is thus 937 ft, wide by 2148 ft. long. 
A central space of the same length and 213 ft. wide 
remains of the entire area of the rectangle, and the 
greater portion of this is occupied by the art galleries, 
These are divided in two principal parts, connected 
at one end each to one of the vestibules, from which 
access is gained by the ‘principal entrance under the 
central dome. Each gallery is about 820 ft. long 
and 128 ft. wide, leaving an open space of 42 ft. 
on each side of the gallery and the building. Be- 
tween the ends of the galleries there is also a clear 
space, about 525 ft. long. This open space there- 
fore occupies the centre of the rectangle, Two 
narrow transepts divide the building into three parts 
of equal length; the centre lines of these tran- 
septs correspond with the centre lines of the small 
vestibules at the inner ends of the picture galleries, 
From this brief description it will be seen that the 
Exhibition comprises four distinct features: 1. The 
end vestibules, the fronts of which will form the 
main facades of the building. 2. The sixteen bays 
of roofs, eight on each side, connecting the vesti- 
bules, and leaving a wide central space between 
them, 3. The two buildings for the art galleries ; 
—_ 4. The central space between the ends of these 
_— We may proceed to give a general idea of 

© construction of the various portions that may be 

















understood with the aid of the general fplan and 
eo which we publish in a two-page plate this 
week. 

1. The Vestibules—These are each 1145 ft. long, 
80 ft. wide in the clear, and 64 ft. 2in. in height to 
the centre of the roof, and 49 ft, to the springing 
level of the same. The vestibule is broken by three 
domes, one at each end, and one in the middle of its 
length. These domes have all similar constructive 
features. Each is carried on four columns, the ad- 
jacent walls serving only as a screen, and is square 
in a horizontal plane, being reared on four semi- 
circular ribs rage from the top of the columns 
just mentioned. 

The roof of the vestibule is carried upon wrought- 
iron columns supported on masonry and concrete 
foundations. These columns are placed 32 ft. 9 in, 
apart from centre to centre, and as already stated 
they are 49 ft. long to the level of the roof springing. 
They are, however, extended to a greater height on 
the inner side, being formed with a curve which 
constitutes the heel of the roof rib, and on the 
outer side they are carried up straight to a height of 
57 ft. 8Z in. above the ground. The columns on 
the inner and outer faces of the vestibules differ in 
form. The former are of a box shape with lattice 
webs, and measure 47.24 in, on one face, and 
39.76 in. onthe other. They are stiffened with a 
light angle iron running from top to bottom along 
the middle of the wider face, and framed at the 
corners with angle iron. The latter are of a similar 
section, but plate girder wings are added on two 
sides, making the width of the columns on the facade 
81.93 in. The framings of windows and doors are 
connected to these wings. A drain pipe is brought 
down each of these columns, and a light iron ladder 
is also placed in all of them, to facilitate inspection, 
and to give access to any part of thestructure. Ata 
height of 22 ft. 10 in. from the ground, that is above 
the top of the entrance doors, a light roof 20 ft. wide, 
and supported by cantilevers bolted to the columns, 
extends from end to end of the facade, excepting at 
the occurrence of the domes, The whole of the space 
between the doors of the roof along the facade is 
filled with glass in iron frames, and the opposite side 
of the vestibule is glazed in a similar manner. The 
roof is carried by a series of curved ribs springing 
from the columns, and having a rise of 15 ft. 2 in. 
Each rib consists of a nw and angle-iron girder 
153 in. deep, and parallel throughout its length. The 
ribs are connected together near the springing by 
a series of light box girders, and by six longitudinal 
ribs, so spaced as to leave a clear space in the centre 
of the roof of about 32 ft. Close to each of the 
highest longitudinal ribs, however, a light but deep 
plate girder is placed, projecting considerably above 
the top of the ribs, and connecting the latter together 
throughout the vestibule. On top of the: ribs is 
placed a triangular framing, making the exterior of 
the roof flat and sloping. The outer sides, how- 
ever, do not meet with a ridge, the top of the roof 
being made with a horizontal surface 8 ft. wide. This 
surface is protected by a handrail, and affords a 
means of traversing the roof for inspection, or in 
case of fire. The roof covering consists of three 
thicknesses of timber, placed at an angle of 45 deg. 
with the central axis of the building, and laid so that 
one thickness crosses the others at right angles, The 
whole is surmounted with zinc roofing plates. The 
timber coveringis carried upon twelve purlins placed 
6 ft. 6 in. apart, except the highest pair, which 
are 7 ft, 10in. apart, The greatest height of the 
building from the ground to the top of the roof is 
78 ft. 9 in. 

2. The Sixteen Bays of Roofing connecting the 
Vestibules.—As already stated, these form the chief 
part of the Exhibition Building, and are divided 
into two parts of eight bays each, one part being 
exactly similar to the other. The chief features are 
the two Machinery Halls, the principal access to 
which is gained through the portals under the end 
domes of the vestibules. Each hall is 2148 ft, long 
and 116 ft. 9 in. wide from centre to centre of the 
supporting columns, The height of the struc- 
ture is 79 ft., exclusive of a small inspection gallery 
running along over the ridge of the roof, similar to 
that described in the vestibule. The inner face of 
the roof ribs is curved to varying radii, meeting in 
an angle at the highest point. The outer surface 
is flat, so that a pitched roof is obtained, From the 
ground level to the springing of the roof is a height 
of 25 ft. 575 in., and above this point the rib is ex- 
tended vertically for about 6 ft., where it curves 
with a radius of 24 ft. 74 in. for some distance, in- 
creasing to a radius of 29 ft. 3 in., and afterwards 





to 118 ft., which brings the rib up to the apex. The 
columns are of wrought iron arranged in a box 
form, the general rise being 31.49 in, by 15.75 in. 
The thickness of plates is agony 4 ¥s in, and # in., 
and the dimensions of angle iron 23 in. by 2? in. by 
vsin. The arrangement of plates and details of 
construction cannot be explained without the draw- 
ings, which we shall publish shortly. The columns 
are formed with a base also of wrought iron 68.90 in. 
by 35.48 in., and resting upon the masonry which 
forms the foundation, and to which reference will 
be made presently. The main portion of the columns 
terminates at a height of 25 ft. 5yyin, above the 
ground, at which level the roof rib springs, but the 
plates on the front of the column are extended over 
the inner face of the rib so as to make the whole 
one continuous structure, At this level the column 
has been increased to about 4 ft. 3 in. in width so 
as to form a table for the base of the rib to rest 
upon. The length of this base is 27} in., and as 
the face of the rib coincides with the inner face of 
the column, there remains a width of more than 
234 in. behind it. For this width the column is 
carried up vertically and with a box construction 
for a height of 26 ft., being rivetted up to the back 
of the rib which is also vertical for that distance. 
On the top of the columns and connecting them 
longitudinally is a trough girder 18 in. wide and of 
rather less ore. From this level the upper and flat 
face of the rib springs, and the trough girders are 
utilised for holding the gutters that run along each 
side of the building. The roof rib is an open 
framed structure with top and. bottom. members of 
plate and angle iron divided into 18 panels of 
Boy bracing. A deep vertical purlin .connects the 
ribs at each panel. ‘Lhe roof covering is similar to 
that of the vestibules. Down the centre of each of 
the two Machinery Halls runs an iron structure of 
columns and girders carrying the shafting. For driy- 
ing pepe y bw the sides of the building, shafting 
will be laid beneath the floor. The sides of the 
building above the level of the springing of the ribs 
will be filled in with glass set in iron sashes. The 
two small bays on the outer sides of each of the 
Machinery project for their whole width 
beyond the end of the vestibules, and are terminated 
at the latter by buildings to ‘be utilised as offices, 
One roof is 39 ft. 4 in, span, and is carried on cast- 
iron columns placed 16 ft. 4 in, apart. The 
height from the ground to the underside of the 
roof truss is 19 ft. 8in, ‘The rafters are simple 
triangulated trusses of 47} in. maximum depth 
and parallel for a distance of 15 ft. 8in., and 
tapered down to a depth of 19}, in. atthe ends, On 
one side the trusses are carried on girders running 
between the columns of the Machinery Hall, and on 
the other upon brackets bolted to the cast-iron 
column, A ne raised skylight runs down the 
whole length of this roof. Beyond it is the canti- 
lever roof 16 ft. 4in. wide, also secured to brackets in 
the columns and sloping upwards, so that its height 
from the ground at the outer end is about 3 ft. more 
than over the columns, ‘The floor of these various 
buildingsis considerably above the natural level of the 
Champ de Mars for partof their length, as the ground 
slopes down towards the Seine. It is, however, made 
up solid as far as the inner side of the Machinery 
, the foundation for the column of which was 
carried down in masonry to a depth of 11 ft. 6in. 
below the floor line, and at this depth the concrete 
commences. ‘The latter is laid in a continuous’ 
trench 8 ft. es in. wide, the depth verring with 
the ground, and this serves as the foundation for 
the retaining wall built between the stone piers on 
which the columns stand, This wall is 19in. thick 
at the top and 5lin, at the bottom. From this 
point to the last bay but one of the series, on each 
side the flooring is carried on cast-iron columns, 
girders, and rolled joists. We may mention that 
these latter are not cut or drilled to receive fasten- 
ings, but rest in shoes secured to the girders below, 
and are held fast by wedges. This detail was in- 
troduced to prevent depreciation in the value of the 
joists when they shall be sold at the close of the 
Exhibition. med this ~ flooring — the 
und is again made up solid, a second retainin 

vrall similar to that just mentioned being Sateodnoel 
Two types of roofs are adopted in covering the six 
inner bays, one having a span of 82 ft., and the other 
16 ft. ; there are three of the larger and three of the 
smaller spans, All are carried upon cast-iron 
columns, and the level of springing is 24 ft. 9 in. 
above the ground. The —_ span is an ordinary 
pitched roof with rafters of I section 94 in. deep, 
and 34in, wide in the flanges. The rise from springing 
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line to ridge is 16 ft.4in. ‘The bracing is of the ordi- 
nary type, with one strut to each rafter and tri- 
angular hones About one-half of the width of 
this roof is glazed, and the ridge is surmounted by a 
louvre frame, and a flat gallery for inspection, &c. 
The three smaller bays separate the larger ones, and 
will serve as circulating galleries rather than as 
useful exhibiting space; they are 16 ft. 4 in. wide, 
and the roof is a very light structure, the inner 
members of the rafters of which are curved, and the 
outer face straight. The space between these 
members is partially filled in with plates. These 
roofs are carried by the same columns 4s support 
the larger spans, and the columns themselves rest on 
stone piers about 4 ft. square. 

Two transverse galleries cut through the buildings, 
dividing them into three sections, the side ones about 
800 ft. long each, and the central one 500 ft. in 
length. These galleries are 49 ft. , and about 
the same clear height to the tie rods of the roof. 





FOREIGN AND COLONIAL NOTES. 

Iron Sleepers in Belgiwm.—A contract has just been 
let for 2978 tons of iron sl in Belgium. The Pro- 
vidence Company has un en to supply the sleepers, 
which are on the Hilf s _ 2 coy . —, The 
same company required 61. m for iron sleepers 
when it tendered in October, 1876. 

Locomotives for India.—The Great Indian Peninsula 
Railway Company has ordered sixty new locomotives from 
England in order to enable the company to provide for its 
increased traffic. 


Rolling Stock on the Continent.—Contracts are to be 
let at Breslau on the 26th inst. for 25 passenger engines 
with tenders, 10 tank engines, 200 baggage vans, 400 pairs 
of axles, &c. 

Franco-Austrian Railway.—This company placed upon 
its —- last year the following additional rolling stock : 
14 shunting engines, one carriage for royal trains, 20 
second-class carriages, 155 covered trucks, and one 
snow p —-. It may jbe added that 151 covered trucks 
were fitted up last year by the company for the conveyance 
of wounded in time of war. 

Chicago and North-Western Railroad.—At the close of 
May, 1877, the Chicago and North-Western Railroad Com- 
pany owned 362 locomotives and 8252 cars. At the same 

the company had 19934 miles of line in operation. 

Health of Sydney.—The number of births registered 
in Sydney, New South Wales, during March, April, and 
May, 1877, was 798. The number of deaths registered 
during the same period was 513. 


Steel Rails in the United States.—In the course of the 
year ending May 31, 1877, 1513 miles of steel track 
were laid upon the Chicago and North-Western Rai . 
making 592 miles in operation at the close of May, 1877. 
In the course of the present year the com "a8 i 
mileage is expected to be carried to 750 miles. 


A South Australian Reservoir.—A reservoir capable of 
holding 8,000,000 ions, and intended for the supply of 
water to the inhabitants of the mining townships on York’s 
Peninsula is in course of construction on the Bald Hill. The 
reservoir is expected to be finished shortly. 


Krupp.—The great works of Herr Krupp, at Essen, are 
stated to be now employing 17,050 hands. There are 75 
engines at work, of a combined force of 4000 horse power, 
and the daily consumption of coal is estimated at tons. 


South Indian Railway.—The conversion of the 
fey oy op and Erode section of the South Indian Rail- 
way to the metre gauge is under consideration. One of 
the difficulties in the way is the want of a sufficient supply 
of metre gauge rolling stock. Eighteen additional locomo- 
tives are required to meet the exigencies of the traffic. 


Ecuador. — Intelligence received from Para, on the 
Amazon, states that efforts are being made to open up 
steam communication with the interior of Ecuador vid the 
river Puturuayo or Ica. 


American Arms for Turkey.—The Providence Tool Com- 
pany, of Providence, Rhode Island, having succeeded in 
obtaining a remittance from the Turkish Government, has 
resumed operations on a contract for the manufacture of 
arms for the Ottoman Porte. The company is able to give 
employment to 1300 men. 


Intercolonial Railway.—The Starr Manufacturing Com- 
pany: of Halifax, has jee successf completed the 

msdale iron bridge on the Intercolonial Railway. It is a 
single span of 150 ft., crossing the Elmsdale river. 


American Steel.—The works of the Eureka Steel Casting 
Company, at Lamokin, Chester, Pennsylvania, are now in 
operation. The works occupy 202 ft. by 285 ft., and the 
buildings consist of a main structure and a machine shop 
25 ft. by 80 ft. In the main building there are five fur- 
naces, four for annealing purposes, and one for heating. 
These are, on an average, 11 ft. by 11 ft. in dimensions. 
The cupola, where the metal is heated, is 43 ft. in height 
and 5 ft. in diameter, with a melting capacity of 16 tons 
of iron. A vertical engine, which supplies the necessary 
power, was built by Jacob Naylor, of Philadelphia. It is 
of 25 horse power. 


The Mediterranean.—Some Marseilles engineers are 
stated to have come to the conclusion that since the i 


GALVESTON HARBOUR. 

The Improvement of Entrance to Galveston Harbour.* 

Tux work now in progress for the improvement of the 
entrance to the harbour of Galveston, Texas, consists in 
the application of the jetty system, in one of its well- 
known forms, to a drift Soo. 

The jetties are of the known as “right line,”’ 
‘* drowned jetties,’’ and are designed simply to arrest, in a 
measure, the sand drifted along the coast by the 
action of the winds and waves, and to train the currents 
caused by the daily tidal discharge of Galveston bay. The 
most interesting feature of the work is esteemed to be, 
the novel method adopted for the construction of the jetties 
or “‘ gabionades,’’ as they have been styled. 

I will confine this paper mainly to a description of this 
method, first, however, giving a general idea of the con- 
ditions calling for improvement of the harbour, and those 
which have governed in the selection of a plan for improve- 
ment. 

Galveston is the principal seaport of the rapidly 
growing State of Texas. It occupies a central position 





roadstead by a bar, across which there was a chann 
11 ft. in depth. This is called the “inner bar.” —_ 
_ The channel across this, is reported to have been 30 ft 
in depth in the mos of this century, and within the 
time covered by authentic record is known to have steadily 
shoaled m,* the time of commencing the work of improve- 
ment. shoaling, as it now appears, was ri htly at- 
tributed to the continued abrasion of the east end of Gal. 
veston island, and there was reason to fear that if further 
abrasion was not prevented, the harbour would, at no v 
distant day, be rendered useless. To simply prevent further 
abrasion would not insure greater depth of c el ; it was 
ee, rey ap y first step, rye the end of the 
is ou e p it was said to have held 
channel was 30 ft. in depth. wt Se 
This work was commenced by the city of Galveston before 
the assistance of the general government was obtained, and 
a pile pier extended several hundred feet beyond the end 
of the island, but not far enough to obtain valuable results. 
From the outer end of this pier, which was partially de- 
stroyed by the great cyclone of September, 1875, and has 
since been repaired, a gabionade was carried out 1200 ft., 
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on the coast, the more populous portions of the state 
considered, and with this portion is connected both by 
rail and water. Nature has given it the best outlet 
channel to be found on our coast, west of the Mis- 
sissippi river, a channel mp | from 11 ft. to 12 ft. in 
depth at mean low tide. This depth, of late years, has 
been found insufficient to meet the necessities of commerce. 
In consequence, the present work was undertaken by the 
general government, with the reasonable expectation of in- 
creasing the channel depth to at least 20 ft. 

The city of Galveston is located on the east end of a long, 
narrow, sand island, ranning parallel to the main land and 
separated from it by a shallow bay called ‘‘ West Bay.”’ 
North of the east end of the island is the broad expanse of 
Galveston bay,” and to the north-east is ‘“‘ East Bay,’’ 
running well up toward Sabine pass and behind Bolivar 
peninsula. These bays, having a combined area of about 
455 square miles, are connected with the gulf by the Bolivar 
roadstead, se ting Galveston island from the Bolivar 
peninsula. Through this, the tides daily flow and ebb, 
creating tidal currents which have made and which main- 
tain a broad deep channel between the headlands. 

This channel is separated from the deep waters of the 
gulf by a sand bar cf nearly semicircular shape, formed 
in accordance with the well-known laws governing the 
formation of poe drift and tidal bars. This is called the 
*‘outer bar,’’ and the normal depth of channel across it 
has been, for such time as we have record, about 12 ft. 

Galveston harbour is a branch of the Bolivar roadstead, 
leading along the inner face of Galveston island toward 
West Bay, and at the time of commencement of the work 
which is the subject of this paper, was separated from the 





of the Suez Canal the level of the Mediterranean has sunk 
some 3} in. 








* Paper read by Charles W. Howell, before the Ameri- 
can Society of Civil Engineers, 





which had the effect of mer the inner bar channel to 
16} ft., mean low tide, and of shortening the bar, between 
18 ft. curves, to 450 ft., a shortening of 5240 ft. This con- 
dition has been maintained without material change for 
a year and a half. : 
Further extension is now in p s, and further im- 
provement of channel is anticipated. On the gulf side of 
the gabionade, the changes effected by it are no less marked 
than those effected in the inner bar channel. The shoals 
lying immediately between this and the gulf to the south 
and east have been largely built up and extended, and have 
served to divert the ebb-tide currents more directly alon 
the axis of the roads In this way a direct broad an 
somewhat deeper channel has been produced across the 
outer bar, and that on the line designated in the a 
plan for the channel after completion of the works pro- 


posed. , 
The work pe ee for improvement of the outer bar is 
to consist of a pile pier extending wayne ! out from a point 
near the end of Bolivar peninsula to the curve of 6-ft. 
depth, after which it is to be prolonged as much further as 
may be found necessary, by a gabionade’ 
e gabionade is simply designed to form the nucleus for 
a sand shoal, which latter is to perform the office of guid- 
ing the ebb currents and of protecting the results of their 
scour from being entirely neutralised by shore drift. 
Entire protection is not to be sought, for it is not now be- 
lieved that it will be necessary. 

The work planned for the outer bar, is to run out from 
the Bolivar peninsula, instead of making an extension of 
the island gabionade towards the gulf, for the reason that 
the prevailing winds are from an easterly direction, and 
the consequent race of the waves along the coast, from 
which protection is most desirable, is from that direction. 

The extension of the island gabionade, by turning it s0 
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as to bring its outer bar portion parallel to that from the 
peninsula, bas been considered as a possible necessity, but 
will not be undertaken until the latter is completed and 
shown to not give a desirable measure of improvement. 
If fully completed as laid down on the chart (Fig. 1), the 
peninsula gabionade will be about 4} miles in length, and 
laid down in water ranging from 4 ft. to 12 ft. in depth. 
There is some reason to think, however, that it may not be 
necessary to project it out more than 24 or 3 miles, anda 
large portion of this it is expected will be so far advanced 
this year as to give marked results—perhaps as good as 
those obtained on the inner bar. 

It is also thougut that it will not be necessary to build 
the gabionade up as near the surface of the water as the 
plane of mean low tide. These, however, are but im- 
pressions, which the work will be so conducted as to test. 

Tidal currents being the active agents upon which the 
work depends for success, it is proper to state that their 
yelocity is so variable, they can seldom be depended upon 
to move more than the fine, rounded sand, of which the 


MA 
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bars are mainly composed, to a depth of 24ft. From 
hourly observation made previous to commencement of the 
work, and for ten consecutive months, it was ascertained 
that the extreme range of the tides for that period, during 
which no extraordinary storms occurred, was 53 ft. 

_ The plane of mean low tide established from this, and 
since retained as our plane of reference, proved to be that 
of the lowest high tides for that time. The tides ranged 
above this 3} ft., and below it 2}ft. The greatest daily 
range was 3.2ft., and the least 0.4 ft. , 

The ebb tides are considerably reinforced by the drainage 
of the basin tributary to the bays; this, however, is onl 
notable during the rainy season. The drainage is pond 
back in the upper portion of the bay by the flood tides, and 
there deposits its sedimentary matter, after which it passes 
to the gulf with the ebb, clear, except when the bottom of 
the bay is stirred by storms. 

The outline chart shows the general features of the 
bay, harbour, and entrance, and the location of the 
gabionades. 

A gabionade consists of a number of gabions, filled with 
sand and sunk in line upon fascine or hurdle mats, with 
which the bar surface along the line is carpeted to prevent 
settlement of the structure. The gabions used on this 
work are large boxes with semi-cylindrical ends and straight 
sides of basket-work, and with flat tops and bottoms of 
heavy planking. For the basket-work, we have used small 
pine poles as stakes and sea cane for wattli The stakes 
are from 1} in. to1?in. in diameter, and are fastened to the 
tops and bottoms through auger holes in these. The sea 
cane averages about }in. in diameter at butt. The cane 
is thonght to be not subject to attack of the teredo—it is 
also enduring under water, and very pliable for several 
weeks after cutting. It is abundant and cheap, as is also 
the case with the pine stakes. 

Fig. 3 shows wattling of sides and ends; A being 
=e B, bottom ; C, stakes ; and D, temporary frame. 

The asket-work, both inside and outside, is heavily 
coated with a rich hydraulic cement mortar, making the 
walls from 5in. to Gin. in thickness, and this is allowed to 
weather season for three months before being transferred 
from the construction yard to the gabionade. The tops 
are carbolised and covered with mortar (the same as the 
mil), which is secured in place by bevelled cross-pieces on 
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A stiffening frame is provided inside the gabion, at 2 ft. 
from the bottom, and another at 2ft. from the top. Two 
holes are left in the top for the introduction of sand, and 
are closed after filling. 

The longer axis of each gabion is 12 ft., the shorter 6 ft., 
and the height is 6 ft. The weight filled is about 19,000 lb. ; 
smaller sizes have been used at special points for spurs. 

Of the mats, for preventing settlement of gabions and 
for modifying scour in advance of construction, two kinds 
are in use. 

The ‘‘ fascine’’ mat is made up of fascines, each 12 ft. 
long and 6 in. in diameter, fastened together with wire to 
form mats 12 ft. by 6 ft. and ]2 ft. by 9ft. One of the 
former and two of the latter are used for each gabion. 
The fascines are made up from the cane trimmings and 
from cane unfit for wattling. The ‘‘ hurdle mat’ is made 
with soon poles and a wattling of untrimmed cane, makin 
a bushy mat about 4 in. in thickness, 12 ft. in width, an 
24ft.in length. Both kinds of mats are strong and flexible 
enough to conform to the shape of the bottom. 


Wa 
Wi 
I 


SS oe 
ND eh FT 
z 





ation be realised, a valuable precedent will be established 
for the improvement of other drift bars upon the gulf and 
lower Atlantic coast, where works will not be called upon 
to resist the action of ice. 








THE MINES OF CORNWALL AND DEVON. 
Physical Phenomena Connected with the Mines of 
Cornwall and Devon.* 

By WARINGTON Smytu, M.A., F.R.S., President of the 
Royal Geological Society of Cornwall. 

THE narrow tract of country which extends for a hundred 
miles in length, between the valley of the River Teign and 
the Land’s End, is one of the most remarkable in the 
world for the variety and abundance of its mineral produc- 
tions, as also for the interest of the physical and chemical 
gg connected with the occurrence of those riches. 

Yot only has the search for the concrete occupied and 
civilised for thousands of years the dwellers in the western 
promontory, but the study of the abstract—the comparison 



























































Fig.5. 





The mats are floated to positions and sunk by placing 
concrete blocks upon them. ‘These blocks are made of 
broken brick, gravel, and beach sand, with only sufficient 
cement to bind the mass together and permit handling 
without breaking. : : te 

To guide in placing mats and gabions in position, the 


line of gabionade is marked out some distance in advance, 
by pine piles 12 ft. apart. Between these the mats are 
sunk. Fig. 2.) 


To sink a gabion, it is floated in between two piles, 
pumped fall of water and lowered to its place. — With a 
sand pump (Andrew’s patent), it is then filled with sand. 
After completely filled, the holes in the top are closed and 
the gabion becomes, to all intents and purposes, a solid 
block. Where intervals may be left between gabions, these 
are closed by large fascines wedged in and fastened with 
wire and blocks. (Figs. 4 and 5.) 

A description of the plant employed on the work would 
make this paper too long, and besides possess no points of 
special interest. 

In conclusion, I will remark that the work, when in- 
augurated, had many features considered experimental in 
character. Many of these have stood the test of severe 
trial, with credit. It was not known if the gabions would 
stand against the shock of the waves during severe storms. 
The cyclone of September, 1875, gave strong evidence of 
their stability. Those in the gabionade retained their 
places, and even those which were in the construction yard 
on the end of the island, and which were also well seasoned, 
although the waves broke several feet over them, at the 
close of the storm were found to have moved but little, to 
have remained upright, to-have sustained but unimportant 
da , and to have been filled with sand by the waves 
breaking over them. They have been found to serve ad- 
mirably as the nucleus for a sand shoal, and in but few 
cases has the sand failed to completely cover them so that 
they could only be found by =. 5 

The cost per running foot of gabionade, 6 ft. high and 
6 ft. wide, was found before the storm, to be 5.21 dols. 
Since, many additions have been made to the o 
design, which will probably bring the cost up to about 
8.00 dols. No exact estimate, however, will be attempted 
until the close of this year. _ , oe 

The work is claimed to have shown efficiency, durability 
and cheapness combined. Should further and just expect. 
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of, and the reasoning on, the ecmplicated appearances set 
before them—has interested Jatorious minds for many years 
past, and has been crowned with such an amount of success 
as to render this region a typical one in the examination of 
the crust of our earth. 

It would indeed ill become me to address on this subject 
a meeting of the British Association without gratefully 
recalling to your memory that, besides a galaxy of early 
Cornish explorers in this field, several philosophical in- 
quirers—men who have for years been active in your ranks 
—have so gathered together and discussed the great bulk 
of the observable facts, that we followers in the harvest 
can add but humble gleanings here and there, or modif 
in some measure the resultant views in accordance wit 
the general advance of the sciences. Foremost among 
these I would mention the eminent names of Sir Henry de 
la Beche, Mr. Henwood, and Mr. R. W. Fox, the latter 
veteran lost, alas! to his friends and the scientific world 
within the last few weeks. No step can be taken, no con- 
clusion drawn, no a of the subject fairly com- 
menced, without a study of the admirable body of evidence 
which has been published by these acute observers. 

The leading geological feature of the surface in the tract 
under consideration is the protrusion of a series of islands, 
the chief ones nine in number, of granite, from a lower, 
although undulated and sometimes roughly hilly, territory 
of clay slates (killas). Entire volumes of inquiry, discus- 
sion, and contradiction lie around this apparently simple 
fact, but no wonder that differences of opinion should arise 
when we observe, first, the great variety of the materials 
called by these simple names ; and, secondly, the changes 
which have marked successive geological schools. Briefly 
put, the chief characters may be the following: The 

ite now familiar to our eyes, from its copious use in 
ridges, bank-fronts, and Thames Em’ ents, is 
gen ly and large grained, containing schorl or 
lack tourmaline, as well as the ordinary constituents, 
commonly hard and sharp-angled where sunk into from 
the surface, butin other places friable or even decomposed 
into a mass of incoherent grains of quartz mingled with 





china clay. The slate (killas), belonging to three periods 
—the Silurian (which is deve only over a small area), 


the Devonian, and the lower carboniferous, offers in texture 
and colour an endless variety, from the soft grey schists of 
many of the central portions of the ground, to the resistant 
roofing slate of the north coast, and the more massive, 
often highly silicious strata, to which the name of grey- 
wacke has conveniently been given. These beds, in some 
places highly inclined and contorted, are found in others 
to recline at gentle angles; the me ed their outcropping 


beds run in the main in the same ion as the bosses of 





* Address delivered at the general mecting of the 





British Association at Plymouth. 



















































































































































































236 


ENGINEERING. 


(Serr. 21, 1877, 








granite, i.c., in lines coursing from the west to the east- 
ward, but are in parts a deal disturbed on coming in 
contact with them. 

The old Wernerian idea that these schists were deposited 
after the solidification of the ite, wrapping smoothly 
around it, had early to be ndoned ; but a prejudice, 
strengthened by want of accurate observation, still exists 
in favour of the beds being evenly and rly laid upon 
a granite surface; and one evil result has been that a 
second erroneous hypothesis was hatched, under which the 
granite became a ‘‘ metamorphic” rock, produced by the 
gradually more intense change of the slate or sedimentary 
rock itself. I may, however, assert positively that careful 
search will reveal numerous places on the flanks of these 


and in the ‘‘ warrant,” or floor of the seam, such appear- 
ances will be extremely rare, these being the divisions 
which in the great majority of cases are special to each 
kind of material. 

To what extent certain of the chief or ‘‘ master’’ joints 
may be found to pass from one mass into the other, is, I 
believe, in the absence of sufficient observation, somewhat 
uncertain ; but there may well be instances in which such 
leading lines might form a transition to the subject of our 
next inquiry. 

The last series of planes of division, to which the fore- 
going remarks have led up as a simple introduction, are 
notable for their more persistent extension in certain dis- 
tricts, their total absence in others, and the importance of 
their contents to trade and manufacture. 





granite hills, to be seen sometimes with great distinct 

underground, as in the 190-fathom level at Doleoath mine, 
where the ends of the schistose strata may be seen to abut 
against the face of granite. Furthermore, although some 
varieties appear to have suffered little change, most of the 
schists, as they are followed up towards the granite, will 
show their metamorphosis either by embedded plates of 
mica, threads of quartz, crystals, or veinlets of schorl, 
chiastolite, or by general ening and difference of struc- 
ture, sometimes turning into thick laminz of a dark sili- 
cious substance akin to Lydian stone. From these various 
indications, and the sharp, sword-like intersections by 
granite veins, it is clear thatthe slaty rocks, even including 
the least ancient or the “‘ carboniferous,”” have been rudely 
disturbed and broken through by the granite, and that they 
are probably based upon a vast mass of that material lying 
at unknown depths between the hills where it rises into view. 

In the slaty region, sometimes of contemporaneons origin, 
sometimes subsequently intruded, are bands and masses of 
so-called greenstone, of hornblendic and of augitic cha- 
racter, in which again a great amount of chemical change 
has been produced by proximity to the granite, as has 
recently been shown in the curious results of examination 
by Messrs. J. Arthur Phillips and Allport.* One other 
kind of rock remains to be mentioned as abundantly de- 
veloped in the mining districts, viz., the granitic and 
felsitic porphyry, to which the name of elvan is locally 
given. ‘This substance, imtimately related in its material 
and origin to the granite, is found in courses occupying 
very definite lines across the country, and varying from a 
yard to 50 ft. or 60 ft. in thickness. 

Let us now look into the structure of these various rock 
masses, whether of the crystalline or sedimentary class. 
In all of them, more or less, but in some to a very great 
degree, we find that divisional planes appear, so fine and 
delicate in many of the greenstones and altered slates that 
they are only revealed by a blow, and then are sometimes 
so numerous, and in so many directions, that it is difficult 
to obtain a surface of real fracture. Then there appears, 
in the slaty rocks, that peculiar lamination which in some 
cases is clearly a cleavage independent of and contrary to 
stratification, whilst in many parts of both counties it is 
yet perhaps uncertain how far such a cleavage may be 
coincident with the planes of bedding. 

Next come those more observable planes of division 
which contribute much to the picturesque character of our 
cliffs and crags, and which, if duly seized by the painter's 
eye, stamp such an air of reality upon his efforts; if neg- 
lected, leave utterly false and lifeless his work. These 
leading lines, the ‘* backs’’ and “joints” and ‘‘ faces’’ of 
quarrymen, often stand a little open; and thus admittin 
water, or if at surface, snow and ice, cause disruption oat 
wear and tear, and promote to a great extent that action 
which brings low the tail hills of former days, and has in 
all probability by degradation swept away mountains from 
above the whole of the surface which now meets our eye, 
The type of these joints differs a good deal in the different 
varieties of rock. In the mstones and some of the 
elvan porphyries it is notable how by their oblique inter- 
sections sharply angular blocks are produced, whilst the 
roughly columnar turrets of the granite near the Land’s 
End are even better known ; and in many of the weather- 
beaten tors of Dartmoor, or ‘‘carns’’ of the West, we 
shall observe that the development of two main lines of 
— gives rise to parallelopipedal masses of such regu- 
arity as to suggest ideas of Cyclopean architecture. The 
more distinctly marked of these joints, and throughout a 
large portion of the district, run approximately north and 
south, the secondary set at right angles, or so far inclined 
to the first as often to form rhomboidal rather than square 
blocks. But frequent examination of these directions 
will show the observer that the apparent regularity holds 
good for yery short distances. 

Similarly, the joints in the slate rock, although pretty 
regular over a small area, and often showing one group of 
planes approximately at right angles to another, {are in 
truth very variable. 

It is possible that some general law will be found to 
determine this approach to regularity, which is often suf- 
ficiently striking; bunt it would appear as though the 
different character of the joints attaching to each class of 
rock indicated that these divisions are the result of forces 
acting within that particular mass itdelf ; the result in 
fact of such agencies as desiccation and contraction. In 
seams of coal (if I may be allowed to wander from my 
district for an illustration) we have, from the extended 
scale of the workings, abundant opportunity of noting the 
discontinuity of the divisional planes formed in particular 
beds. The coal itself is subdivided by acted «om highly 
inclined and parallel divisions, which greatly facilitate its 
excavation. Look at the roof overhead, and whether it 
be of sandstone or of shale, you will see that if it were cut 
up by ‘‘cleat’’ or “ backs” in a similar manner to the 
coal, no amount of precaution would prevent its coming 
down and crushing the workers. A few joints at consider- 
able intervals only, will pass through the overlying strata ; 
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The lodes, or, as they are often called, mineral or metal- 
liferous veins, form groups of lines developed along this 
length of 100 miles, with a remarkable degree of regu- 
larity in certain parts, but with intervals in which they 
seem to be suppressed. A lode may be eharacterised as a 
plate or wall of mixed minerals, including metallic ores, 
which, dipping at angles usually between the vertical and 
forty degrees, intercepts the ive rock masses with 
which it comes in contact. The length along which one of 
these may be traced seldom exceeds in this district more 
than from two to three miles ; but certain lines of direction 
in which the same kind of appearance may be followed up 
are seen to extend for twice that distance; and whilst in 
Wales we can trace analogous lodes for eight or nine miles, 
the Californian mother vein, veta madre, is stated to be 
continuous forabove fifty miles. As tothe other dimen- 
sions, the depth is beyond, at all events, the deepest points 
to which we have yet gained access—(2200 ft.)—whilst the 
breadth or thickness is so variable, that if taken at an 
average of 2 ft. or 3 ft., it may nevertheless, within a 
short interval, change from a maximum of 40 ft. to a mere 
thread of an inch or two. 

For hundreds of years it has been recognised by certain 
inquirers that lodes have been at one time open cracks ; 
but there are not a few observers, even at the present day, 
who decline to admit the evidence of such an origin, and 
hang to the belief that they were formed contemporaneously 
with the rocks in which they are encased. One hundred 
and twenty years ago, Dr. Borlase* began the thirteenth 
chapter of his celebrated ‘‘ Natural History’’ with the clear 
statement, ‘‘ The greatest part of our metals is found in 
veins or fissures, and the contents which fill these veins we 
call, in Cornwall, ‘lodes.’’’ If a fissure thus filled inter- 
sects another, and we find the material of the one cut 
asunder, whilst that of the other maintains its character 
throughout, it seems reasonable to infer that the sundered 
vein is the older of the two; and upon this basis a compa- 
rison of the successive periods of formation of different 
groups of lodes is founded. Those who hold, as Borlase 
suggests, that the cabinet must have been made before the 
jewels could have been inclosed and laid up in it, are at no 
-_ to reasonably intercalate this history among the suc- 
cessive stages of great geological events ; whilst an adhe- 
rence to the view of contemporaneity, not only looks mon- 
strous tothose who fairly study the facts, but involves the 
adoption of other wild hypotheses. 

Let me invite attention to two main features of the 
occurrence of the lodes, as it may be studied on the surface 
of the ground or ina good map. First, their orientation. 
The first and earliest group runs in directions between the 
true and the magnetic east and west, sometimes even a 
little more north of east than the latter bearing. These 
are the lodes which, sometimes producing tin or copper 
only, in other cases contain the ores of both metals. A 
second series (locally termed caunters) are those which, 
affecting a course of E.S.E. and W.N.W., yield much the 
same classes of ore. A third includes the cross courses, | 
sometimes of flucan or clay, in other cases of quartz and 
fluor ; but not unfrequently important as lodes of silver- 
lead or of iron ores. Lastly come the newest east and west 
veins, the slides, commonly argillaceous, which cut through 
and dislocate all the other classes of lodes, and occasionally 
present themselves under very singular appearances, either 
as the accompaniment of strange leaps and heaves of the 
older veins, or as producing rich silver ores. 

The other striking general fact is the grouping of these 
lodes in some half-dozen principal districts, ‘eens they 
are aggregated mostly in near proximity to the boundaries 
between the granite bosses and their killas envelopes. 
Some few of the tin lodes, as on Dartmoor and in 
Wendron, will be found far within the granite ; but no 
productive mine of tin or copper appears ever to have been 
opened at a greater distance than from two to three miles 
away from the edge of the granite. On the other hand, 
valuable lodes have been explored, and sometimes worked 
to two and three hundred fathoms deep, at much greater 
distances ; bat their contents are iron ore, antimony, or 
lead ore, often highly agentiferous, and in the north- 
eastern part of our district ores of manganese. 

In examining such data in their simplest form I would 
guard my hearers against the idea of a true rectilinear 
course being preserved in these multifarious veins. Whether 
explored horizontally, or as they descend in depth, they 
are seen often to be wavy and ir , to go off from 
and return to their usual direction, and to present so 
many anomalies, that whilst on a map we may be 
obliged to take a straight line as an average, the real 
course is usually such as not only to complicate the 
workings, but to make us slow to accept some of the 
brilliant theories which have connected lines of fissure 
with actual dates asserted to be discoverable in the eleva- 
tion of mountain chains. 

(To be continued.) 


INDIAN REtirF Worxk.—A proposal has been made to 
lay down a railway between —- and Mysore, to be 
carried out as a famine relief work. 











FIRING MINES. 
On the Simultaneous Ignition of Thousands of Mines, and 
the most Advantageous Grouping of Fuses.* ° 
By Juuius H. Srrrepincer. 
Concluded from page 125.) 

III. A Combination of both Methods (General New. 
ton’s Method).—At the Dp final blast at Hallet’s Point 
Hellgate, over 800 drill-hole charges were fired by the 
method of detonation by transmission, while about 4000 
mines were directly fired by the electrical fuses. 

The most Advantageous Grouping of Fuses.—Captain 
H. Schaw, Royal Engineers, states in a paper published in 
. Journal of the Royal United Service Institution,” 
‘* There are three general methods of connecting a num- 
ber of charges with a voltaic battery to produce simul. 
taneous ‘auton. 

‘** Fig. 1, the continuous circuit. Fig. 2, the divided 
circuit. The first is the simplest, and is suited to a large 
number of small cells, which is a troublesome battery ; the 
second, the most certain, and is suited to a few large cells ; 
but a large number of mines cannot be exploded thus. 

‘* Fig. 3 shows a combination of the two systems which 
is the best for alarge number of mines ; 21 were thus fired 
simultaneously in the demolition of the keep at Corfu.” 


Fic. F.IG.2. Fic. 3. 


ZA] PX 




















Let us inquire into the above conclusions. Pat N=total 
number of fuses to be exploded simultaneously ; n=num- 
ber of fuses connected in continuous circuit in each 


group; N—namber of [such groups united in divided 
n 


circuit ; E=electro-motive force of one cell in volts; r= 
internal resistance of this cell in ohms ; z=number of such 
cells needed to cause the simultaneous ignition of all N 
fuses ; R=resistance in ohms of lead-wires connecting the 
battery (consisting of z cells coupled for ‘‘ intensity’’) with 
the groups of fuses ; f=resistance in ohms of each fuse 
and its connecting wires at moment of explosion; and C= 
current in webers, required to produce the simultaneous 
explosion of the fuses in one group—all such fuses being 
supposed equal in electrical resistance. 

According to Ohm’s law we have the equation: total 
strength of current needed to produce the simultaneous 
—s of all the fuses arranged in combined circuit 
(Fig. 3) 


2k a a 








Now, the maximum effect of a battery is attained, when 
the internal and external resistances are equal to each 
other, or when, in the case under consideration : 


reR+ SS bre = 


Substituting, alternately, this value of r x and R+ 
”’! in Equation 1 we get : 


N ox Ee iE 

n. Z2er 2r 
or r the internal resistance of one cell : 
ren, oe @ 
2NC 





Also 
Son «Baw s 
n - Rez) 
N 


hence the number of cells required, 


2NC (®"Z) 
N 
= = 


nE ¥ () 


Since the size of a battery depends upon its surface, or 
the total number of cells multiplied with the exposed sur- 
face of one cell, and since the latter is inversely proportional 
to the internal resistance of one cell, we can represent the 
total surface of the battery needed for the explosion of all 
the fuses by tatal number of cells, divided by the internal 
resistance of one cell, whence from Equations 3 and 4 








aN o( R+~2 - 
4N2C?/ R+"2 
En Me ( +) (5) 
En oe n* E* 
2NC 





* Read before the American Society of Civil Engineers. 

+ Enumeration of recent publications treating on this 
subject : Les Mines dans la Guerre de Campagne, par A. 
Picardat, Capitaine au 2nd Regiment duGenie. Theory of 
Simultaneous Ignitions, by Henry L. Abbot, Major of En- 
gineers, Brevet Brigadier-General, U.S.A. Preliminary 
Report of Lieutenant-Colonel John Newton, Brevet Major- 
General, U.S.A., of the Operations connected with the De- 
struction of the reef at Hallet’s Point (Hellgate), New 








* ‘* Natural History of Cornwall,’’ 1758. 
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The above formule, while it answers case third, the 
combined circuit, will meet case first, the continuous 


cirenit, if N becomes=1; the expression then changes 
n 
into 
7” 402 (R+N/S) 6) 
—- 
And applied to case second, the derived circuit, in which 
ease Mis cbanged into N, we have then, total number of 





cells divided by the internal resistance of one cell : 
40? ne( R+f ) 


(7) 

E2 

as representing the needed size of a battery which will 

simultaneously explode N fuses arranged in divided circuit. 
Collecting these expressions (5, 6,7), and dividing them 


by the factor a common to each, we derive for 


"Case first R+Nf. . . (8) 
», second N?*R+N : ° (9) 

2 
, third NTR+NS (10) 


representing respectively the comparative total surface of 
battery needed in each case. 


Now, since REN? R and x R<N*R, it follows that 


the continuous circuit, case first, requires a battery having 
least surface; the combined circuit, case third, coming 
next, while the derived circuit, case second, demands the 
greatest total battery surface. : 

Again, an inspection of the expression for internal resist- 
ance of a cell belonging to the combined circuit, gives : 


r= pa ; for case third (Eq. 3) 
also, o_o ” first (11) 
2C 
E 
and "=INCG - second . (12) 


Equations 11 and 12 (derived from Equation 3 by re- 
placing respectively by 1, and 4 by N) show the neces- 


sity of using small cells in the first case, and larger cells 
in the second case. 

The above deductions would be entirely correct were the 
same strength of current to suffice for the simultaneous 
ignition of the fuses of one ‘group when arranged 
according to Figs. 1, 2, and 3. It appears, however, 
from numerous experiments made with different types of 
fuses, by no less an authority than General H. L. Abbot,* 
that about three times the current which is needful to fire 
single fuses is required to simultaneously ignite a number 
of T . when united in series, as, for instance, in Figs. 1 
an 


Hence, according to the above, S must be substituted 


for C in the equations de@uced for the second case ; perform- 
ing this operation, we obtain—the number of cells required, 
divided by the internal resistance of one cell, 


40° N? (® +f ) 
ween. Te | 
9 E? / 
Rejecting as before, for comparison’s sake, the quantity 


(13) 


"gin this expression, we have for case second : 


N?R+Nf 
<r au) 


as indicating, comparatively, the battery surface requisite. 
et us now inquire, when it is more economical to use the 

derived circuit, Fig. 2, than the continuous circuit, Fig. 

N*R+N 

URNS <R+N/f, and both 

will require the same battery surface when 


R+N fue . (15) 
Solving this quadratic equation for N, we get 


_4f Ne 
N= > t+\| 3 +9 


= oe will te in "er for a very small number, N, 
uses. For example, let f—2 =l, ; 
Nap 714645, 0s - S=2, and R=1.4 ohms ; then, 
We thus arrive (when employing cells of the same electro- 
motive force for the simultaneous ignition of N fuses), at 
the following results in regard to the three general methods 
of uniting a number of N fuses with the galvanic batteries : 
_ 1. If the total number N of charges is small (not exceed- 
ing twelve, with fuses having a resistance of about 2 ohms 
and a lead-wire resistance of nearly 1.5 ohms), the derived 
and then the continuous circuit offer, so far as the needful 
total battery is concerned, the most economic means of 
omneten. ‘ 
- Sor a large number of fuses, the continuous circuit 
requires the least battery surface, but since, with an in- 


crease of N, the value of ~ R (the square of the number 
of groups analtigited by the resistance of the lead-wire), in 
the expression = R+N/f; (Equation 10), appears com- 


1; this will happen when 








(16) 





* U.S. Engineers 
Willet’s Point. : 


in charge of the Torpedo School at 





paratively small with respect to N f, and finally, when N 
is very large, x BR can without great error, be neglected ; 
n 


it follows that : 

3. When a very large number of charges is to be simul- 
taneously fired, the continuous and the combined circuit 
demand the least total battery surface. But the combined 
circuit offers, in proportion to the number of its groups, 

ter security against misfire than the continuous circuit ; 
or this reason, the use of the combined circuit for the 
simultaneous ignition of numerous mines is advisable, 
while the extra expense, for additional lead-wire, is 
when compared with the advantage gained. 
The next question to be consldapet i : What is the best 
uping of the N fuses when arranged in combined cireuit ? 
rom Equation 3, 
2NC n 2rC 

The best grouping is obtained when the conditions ex- 
pressed by this equation are fulfilled. 

We thus see, that the number of groups increases with 


an increase of the electro-motive force E, and diminishes 
with an increase of the internal resistance r, and the needful 


En (17) 


kind of cells (E and r), and fuses (requiring C), the best 
number of groups is given. 


2N o(R +*S) 
=, Ea. 4), 
shows that the number of cells is proportional to R + a 


or the external resistance. ozhis latter can be diminished 
by a reduction of R and ae R, the resistance of the 


lead-wire can be diminished by using as lead and return 
wires heavy copper wires of short length (the application 
of the multiple circuit-closer admits of this plastion in 
length of wire), or by using for each group a separate set 
of lead-wires which start from the battery to their group of 
fuses arranged in continuous circuit. In the latter case, the 


external resistance is then expressed by the formula aunt 


x 


n 
If R compared with nf in the expression R+ a4, or, 


if R compared with n f in the expression Beat becomes 


n 
relatively so small that it may be neglected, then « be- 
comes =in0f 3ithe number of cells required becomes pro- 


portional to the number of fuses in a group. 

It might now be well, before closing this investigation, 
to consider the following question: If the constants of 
fuses of types 1,2, . . . be given, viz., their resistances /; 
So «+ » at the moment of explosion, and the currents C; 
Cc, - needful to produce their simultaneous ignition, 
when united in series, which type of fuses selected requires 
the smallest battery, and is hence the most economical ? 

For any type 1, the most judicious grouping of the N 
fuses, to be fired by means of cells having an electro-motive 
force=E and an internal resistance=r is indicated by 
Equation i7, which applied to this case reads = 

1 TU, 
From this equation we fine n, the number of fuses of type 
1 in one group, to be, n= 2X0, And according to 


Equation 4, the number 2, of cells required would be, 


N (+ “4) 
Ly m Ct x 2 oe ae Tk 


placing in this expression the above values of N ana nm 
ny 


we have, BR 4rNOtS 
aid r t 
@,22— +o ( 
Sat (18) 

Which means that the number of cells required, decreases 
with the value C,* fi the og of the square of the 
needful current multiplied by the resistance of the fuse 
at the moment of explosion. 

General Abbot, gives (in his paper on the ‘‘ Theory of 
Simultaneous Ignitions’’) the results of trials with types of 
fuses coupled in series. Type A consisted of % in. of 
platinum wire, 0.0025 in in. diameter; type D of x in. 
of platinum silver wire, 0.0015 in. in diameter; hoth 
charged with a priming of fulminating mercury. He found 
that type A required a current of at least 1.5 webers, 
while with type D, one of 0.67 webers was sufficient. 
Type A had a resistance of 0.82 ohms, type D of 2.01 ohms, 
at the instant of explosion. Combining these results with 
the deductions given above, we have 

Type A Ca? fa= 1.5? X 0.82=1.845 

Type D , Cv? fa= 0.672 x 2.010.902 
Which being interpreted means that type D represents a 
fuse eminently superior to type A in reference to necessary 
size of battery, and that only about one-half of the number 
of cells needful for simultaneously firing N fuses of type A 


are required for N fuses of type D if = becomes nearly 


zero. 

Referring to Equation 5, we see that the needful battery 
surface Seite with an increase of E,? indicating the 
= _of employing cells of a great electro-motive 
oree. 





strength of current C. Also, that by adopting certain fract 


lication of the Combined 


Formulas referring to the A 
iring N Mines.—Each of 


Circuit for Simultaneously 
the x groups is provided with its own leading wires (of 
R resistance), connecting directly with the battery-house. 


The general equation is, 
NCL a. ae . I. (Compare Eq. 1.) 
n wxr+R+nf 
N 


n 
For the most economical numbers of groups : 
NB II. (Compare Eq. 17.) 
2rc 


n 
For the minimum needful number of cells coupled for 

intensity : ‘on 

e= sO Rtas) III. (Compare Eq. 4.) 
Remark.—For very exact-calenlations, Equation ITI. is 

only applicable when, after entering the numerical values 


in Equation II., both the number of groups and the 


number n of fuses in each group result in figures without 
ional remainders. 

Should this not take place, as will occur in nearly every 
instance, then the following equation, deduced from Equa- 
tion I., is the proper one to use in the calculation of the 


number of cells needed, naturally * and n being inserted 
as whole numbers. 


— (R+nf) C 
°="E-NCr o oo TE. (From Eq. I.) 
n 
in, sometimes, the following formule will prove 
useful : 
r= “E . + V. (From Eq. 3.) 
Ex -2CR 


VI. (From Eq. ITI.) 


E?2—2CER 
N= = 4 " 
afc . . VII. (From Eggs. II. and VI.) 
A Practical Example, illustrating an average Case in the 
Preparatorg Calculations for the Final Blast at Hallet’s 
Point.—Given : n=20, deduced from practical considera- 
tions ; E=1.89 volts; r=0.14, R=1.6, and f=2.18 ohms 
(mean values resulting from the writer’s electrical mea- 
~~ mes C=0.8 webers and increased for safety’s 
e. 


Found : N — 8 groups ; N=160 fuses, and »=37 cells. 


Applying Equation II., and entering the above numeri- 
cal values, we have: 


=8.4, say, 8 groups; and N=8X 20= 





n 2x0.14x08 
160 fuses. 

Using Equation III., we find the required number of cells 
to be : 


2x08 C6202.) = 38.27, say 39 cells. 
And by employing Equation IV., which is better suited 

for this case, we get : 

— (1.6420 x 2.18) 0.8_ 9¢ 98 87 cells. 

oi = 1 80—8x0.8x0.14 ee : 


The correctness of the above calculation is easily proven 
by now entering these values in Equation I., and since 37 
536.28 we should get a result a little larger than 8x0.8 
=6.4, 

37 x 1.89 
87 x0.14-+2-8+ 20K2.18 

The above calculation would indicate that in this blast, 

one cell answers for about oo say 4 fuses. 





N o= 
n 


=6.457. 











OpTicaL EXAMINATION.—The Russian Minister of Ways 
and Communications has directed that all persons conneeted 
with Russian railways shall undergo an optical examination 
to ascertain their power of distinguishing colours. The result 
of the examinations has thus far been somewhat s ing. 
No less than 43 persons in Finland alone, including a station- 
master and a signalman, have proved to be optically 
affected. 





A CALIFORNIAN ARTESIAN WEeLL—The boring of an ar- 
tesian well has led to some interesting geological discoveries 
in the strata beneath the city of Sacramento, California. 
After passing through strata of loose sand, gravel, clay, 
boulders, &c., the tools at a depth of 886 ft. struck soap- 
stone, then passed into emented sand, and at 109() ft. struek 
wood, which was met with at intervals until a depth of 
1108 ft. was reached. This wood is black but in a good 
state of preservation, and it remains solid after exposure to 
the air. Soapstone followed the cemented sand, and was 
in turn followed by cemented sand at a depth of 1160 ft., 
and the boring tools have been in that substance ever since. 
The tubing is full of water to within about 50 ft. of the 
surface. ood has been found at several depths, besides 
that mentioned above, the lowest being 1320 ft. 


* General H. L. Abbot determined the value of the cur- 
rent required to ignite any number of our (silver-platinum, 
fulminate of mercury) fuses arranged in series at 0.675 
webers, and the resistance of the fuse at the moment of 
explosion at 2.01 ohms. 
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METALS 
£ 6. 

ANnrimONY Ogg (perton}— 12 © 

Regulus (Star) ....cec0cceree 438 © 
Ba iss (per ib.) — 8, d, 

HEC, 4AB K 24 cccccecserseree FO © 

Yellow metal . o 6% 
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(p>r ton)— & 6. 
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Chairs ov § § 
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Coprar (per ton)— 
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vo MO.3 coe co 68 6 
- No. 3 ... 62 © 
Cleveland No. 1. 4s 
” » 2 oo 0° 
e 90 Becccccccecce 42 6 
4 (Forge) 39 6 
Other qualities eccccocescss. OB © 
Weish (South Waies) .. 7s ° 
» (SXorth Wales)... 62 o 
No, 1. 

Bcotch Pig— 8, 4. 
G.m.b,, at Glasgow.......0. §6 oO 
Gartaherrle .......c0cccce 03 6 
Colt 67 6 
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Govan, at Broomielaw... 56 0 
Calder, at Port Dundas... 62 o 
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Oarron, at Grangemouth 65 o 
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(POT OWE.) nrrcecceereeseenes 
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PRICH LIST 


STEEL CASTINGS - Continued. 8. 


Side cranks, cross heads, 
crane wheels, engine 
slides, &c. 
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OCoylon LUMP  ..,.10-seeeee0 





Pritchard, Offer ‘and Co. 3 

concentrated .........0.6006 
Resin (per owt.)— 

AMETICAN ,.......+0-seseeeeeee 
TALLOW (per cwt.) 

» AMETICAD ....0.0000eeee8 

8. American beef 

sheep.... 

Australian a eco 











Rough, English . eee. 
Tag—Stockholm (per: bari.) 
Ar 
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TIMBER, DEALS, &c. 


LONDON, 

(Per Petersburg standard) 

Archangel — pemgaaee . 19 
2ni 





” ” 
se eoncees.e00 
Wyburg .......+.- 
Pospestucs & Riga ‘white 
Christiana deals, best 


sorts, yell.and white... 13 


Norway deals, other 
sorts ..... 
Norway battens, ‘all sorts 


Swedish deals mixed ... 1? 
Swedish deals 3rd ........ 13 


Swedish deals, inferior 


BO OED .....ccce-teccceeees 10 


(Battens 6s. jess than 
deals) 


Finland deals....... oo 58 





* battens .... 


o © 
pe H. 8.deals ... 8 © 
e H. 8. battens... 7 10 


AMERICAN DEALS— 
Quebec Ist bright pine... 16 § 
= oe 10 v4 


” » 


Suo on? 
coocoo 


econo °o 


3rd 1 ° 
Floated pine 40s., 20s., “and 108., less for Is 


2nd, and "3rd, ‘Tespectively. 


Oanadian spruce, Ist. oe to 
8 


” ” = 
Srd we 

New "Brunswick spruce. “ 
Ditto DAttens ..erre.....000 
N.S. & P.E, Isle spruce 


U.S. pitch pine ........... 12 
AMERICAN TIMBER— (per + 


Bed . i (mixed an 












° 
The above prices. Wat the Docks.” 


LIVERPOOL. 
WHOLESALE Paices OF TIMBER, DEALS, &0. 


eecoooo°o 


G weg@oe = 
- 6 
meocoecou 


GIN) seecrccreecerree 8 °o 40 
Do. for yards and spars 4 a oe 
Yellow pine, | — ecsreoeee 5 ° §10 
Ditto waney board . 4 ° 50 
Ditto small .......00000+ 3 °o 40 
Pitch pine..,.., 3 o 310 
Oak, Quebec ..... 6 °oo47s 
Do. United States 5 ° g10 
Elm, eins 4 ° 60 
Ash . 4 ° ; ° 
Birch, Quebec large 4 ° ° 
Masts, red pine ... 4 eo gs 0 
» Oregon... 7 ° 810 
» Kawrie.. 8 ° 10 © 
Indian teak ..,......008...00. 10 om (0 

British \ cnees green- 
BEATE ccccccccsciccccrcccce | 8 ° 90 
fre. ironbark ,,.... 6 ° 710 

BALTIc TIMBER (per load) 
Biga AF ....ccccrceereeee 3 o 45 
Dantzicand Memelcrown 4 °e g§t0 
» Astmiddling...... 5 eo 410 

a 5 middling, 
and 2nd........ 3 3 13 

» common  amid- 
GUING....ccceeseeree 2 °e 3° 
» UD seers 2 o 3215 

» Small, short, and 
PPTOZUIAL ceescereerseseeres 2 ° 210 
on » 2 ° g10 
2 o 3215 
” eeseveseces | 2 eo 215 

and "Norway 
Ci csttchettiontnnys** 25 

FLOORING BoARDS (per 8q. 

of 1 in.)— 

First yellow... ..cssseescreee ors 
white oe o 13 
Second qualities ... © 13 


FRoM British NogTa AMEDICA. 


Pine TimsBee (per cubic 
foot string measure) £ 


Quebec yellow square ,,, 
Waney board , 
St. John’s, N. B., 18 in.. 
Miramichi and’ British 
ODAIOUF .....00cereereereceee 


Quebec 
=. Guebec Gast * 


Aah 

Whit a 

Walnut, Conadian and 
nited States 











ova Scotia and 
Prince Edward Isiand 


DEALS AND BATTENS (per 


Petersburg standard) 


Quebec yellow pine, Ist... 18 
Quebec yellow piace, 2nd «3 





GRIER nttinincsssageeenes 


Frou THs Usrrep Srares, East AND W&ST 
INDIES, AND AFRICA. 


£ 


(er cubic — string 
are) 
Pitch pine, oa bawn eeteceee 


” ep BBW esevee cone. 
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THURSDAY, Sept. 20, 1877. 
£ada ££ aad 


Pitch pine planks ......... 0 2 3 oF 
Unitea States oak logelst 0 2 0 o 2 


(Per load calliper measure) 
































East Indianteak (perld) 10 1 © 1 5 
Greenheart .......... wonrnsece O88 © 7 © 
Demerara Morra............ 518 © 6 0 
Bullet tree (per foot)... 0 2 0 o 3 
FROM THE BALTIC, &o. 
(Per cb. ft, string measure) 
Fir timber, Riga red.,... © 1 3 o 1 
Fir timber, Dantzic and 
Memel crown ... ory o8 
Ditto, ditto, otherkinds © 1 3 © 1 
SOCCER ccoccc.cocccccccccccccse @ BS @ 3 
Swedish .. ore: e181 
HOTWAF 0. scoccsscrosccreee © O10 @ 5 
WarnscoT (Logs “caliper 
© 63 o 6 
Ditto brack ... es ° 5 
Oak timber, Dantzic 
(string measure) ..... © 2 0 oO 3 
Pit props per lineal yard o o a4 o 
DEALS, &c.— 
(Per Petersburg standard) 
Redwood, Archangel, and 
Omega, 18t  ..e.ceceseereee 37 0 0 19 0 
Ditto, ditto, 2nd ssw 1 0 0 If 0 
Redwood, Petersburg 1si 10 10 © 17 10 
oe 2nd 13 10 © 14 10 
” WD on 1z 0 © 13 § 
a Uleaborg .. 16 0 12 0 
pa Gothenburg . «. 12 10 © 14 10 
e Gefle and Stock- 
16 © 
e 12 0 
” 9 10 
” 715 
MAHOGANY, &c. (per foot 1 in.) 
City St. Domingo ,.,..... °° 7 OF 
OUde cececceceeseees: © °o Of 0 o 
Savicd .rrccoccee seve © o gq 0 © 
Uedar, Havana, &c. ......... 0 0 44 0 © 
Sleepers, Hackmatack, each 
9x10xsd 036 04 
” © 3° © 3 
pat 02323 02 
” ©3e @3 
HULL, 
(Per load). 
Memel crown firtimber.. 4 7 6 0 © 
9 - 2nd 310 © gis 
Riga and Dantzic Ist ..... 4 2 6 45 
- eB wore 9 0 O 3:10 
Swedish nm eee 8S 
BMA! cevecorsvseeree 2 7 6 2 10 
Mining CUMDET ceerecccsssevernee 117 6 2 0 
(Per cubic foot). 
Quebec Ol ......-.0000. ° 32 ° 3 
» birch . eo. ° 3 
ash ... ° 3 ° 3 
St. John’ > birch . o1 ° 32 
Pitch pine, hewn oo. o1 
BEWD eseceseceee O I o1 


(Per Petersburg standard), 
Best Arch, and Onegared.., 19 10 
Pet. red 3x11 & 3x9 19 0 





ececee ree we 8 ° 

Gefie and Soderham mixed 14 10 

Baltic 1st red flouring bds. 14 © 

DittO WHILE cecrecceccrseceeseeeee IL O 

Charge for labour 2a. per standard for deals, 
and ls. 6d. per load for timber. 


WEST HARTLEPOOL. 
(Per cubic foot ) 











Dantzic good middling fir... o 1 34 0° 0 
Ditto common middling fir o o 11g © 1 
Sundowall fir tt G8 
(Wer Petersburg sta: ‘d.) 
Riga crown white pecan ~= te @@ @°® 
Geile Ist red deals . 16 ows 
» 2 } °°o°0 
» a wo °e°o° 
» 4#th esecesseeese 9 10 0 Q 12 
© unsorted white deals 
EBC. 22. coccccces-c- cocseese o 19 2 
Tunadal Tst red deals o 16 § 
9 battens........ o 1413 
8rd red deals .. ° oo 8 





Quebec Ist pine 3in. x 7in 

and upwards... wee 3210 0 0 
Ditto, ditto, 2né .. ° 
Ditto, ditto, 3rd ...., 






Charge a — 2s. per standard for deals, 


d 1s. 6d. per load for timber. 


WISBEACH. 
(Per Petersburg standard.) 
Gefle Ist red deals ......... 17 10 
2nd on ooo 
» &srdred ‘deals ......+. 
Petersburg Ist red battens 16 § 
Christiana white battens... 9 10 
Tunadal 2nd red ,, «++ 11 15 
a rd » » ee 10 10 
3rd deals ... 12 2 
Wy burg 1st red deals ...... 4 §$ 
battens ... 12 © 
2nd red deals and 
omen 22 6 2 
Wyburg 204 red boards ot ¢. 8 0 
Free on railway 
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THE STRENGTH OF UNSTAYED FLAT 
SURFACES. 
By Rosert WILSON. 

Tue object of this article is to draw attention to 
the apparent discrepancy between the results of the 
theoretical investigations by recognised authorities 
and the results of actual experiments on the strength 
of unstayed flat surfaces of boiler plate, such as the 


tayed 
Although the experiments here alluded to are 


not sufficiently numerous and varied to enable a set | 
| boiler exploded with fatal results, in consequence 


of rules to be deduced from them, yet they appear 
to the author to be sufficient to show that the 
theory on which the accepted rules are based cannot 
correct. 
i Professor Rankine’s ‘“ Civil Engineering,” 
second edition, page 544, the following rule for the 
strength of a circular plate supported all round the 
edge is given, prefaced by the remark that “* the 
formula is founded on a theory, which is only 
approximately true, but which nevertheless may 


SCALE or INCHES 


° SCALE or TBs. 


be considered to involve no error of practical im- 
portance.” 
m—W>_ Pb® 
6a 24 
here 
M=greatest bending moment. 


W=total load uniformly distributed = 


b=diameter of plate in inches. 
P=bnrsting pressure in pounds per square inch. 


At page 253 of “Civil Engineering” we have, 
calling ¢ the thickness in inches : 
M=4 42,000 b ¢? 
-, Pb* — 2000 42 
24 


Pie 





for a plate supported round the edges. 


This rule, page 285, “Civil Engineering,” 
becomes for a plate fixed round the edges, 
3 EP =7000 #8 
whence 
p—!?x63,000 
where > 
r—radius of the plate 


t=thickness of the plate. 


_Dr. Grashof, in his ‘‘ Festigkeitslehre,” page 250, 
a a formula, from which we have the following 
rule : 


p—” x 72,000 
r2 


This same formula of Grashof's has been adopted 
by Professor Unwin in his valuable little work re- 
cently published on the ‘‘ Elements of Machine 
Design.” These formule by Rankine and Grashof 

be regarded as being practically the same. 
1é also appears to have arrived at the same 
result in his + ‘T heorie des Curvilignes Coordonées,” 
and M. Resal arrives at it also by a different train 
of reasoning, which will be found in vol. xvii. of 








‘* Annales des Mines,” 





| in the ‘‘ Proceedings of the Académie des Sciences” 


| (séance du 5 Octobre, 1874. 


| On trying to make the rules given by these autho- 
| rities agree with the results of his experience of 
| the strength of unstayed flat ends of cylindrical 


| boilers and domes, that had given way after long 
| use, the author was led to believe that the above 
flat crowns of domes and of vertical boilers, | rules give the breaking strength much lower than it 
| actually is. 


In the autumn of 1875 asmall cylindrical vertical 


| of the flat unstayed crown plate giving way. This 
| plate was flanged 3ft. 2in. in diameter and jin. 
| thick. It was weakened by having an oval piece 
| 14in, by 9in. cut out of it for a manhole. . Accord- 
| ing to the rules above given, the plate, even when 
| unweakened by a manhole, should have given way 
| at about 301b. pressure. ‘The boiler, however, had 

often been worked at 701b., at which pressure it at 

last exploded, giving way at an incipient fracture at 


. 300 » 


| a \ a 





the “unguarded” manhole produced by strain on 
the plate consequent upon screwing the manhole 
cover to the crown plate. 
This explosion led to some correspondence in one 
of the scientific journals, which revealed the un- 
satisfactory nature of the rules given by the autho- 
rities quoted above, and Mr. Nicholls, of Kirkstall, 
volunteered to undertake some tests on the strength 
of similar plates, provided the author of this paper 
would direct him in the matter. This the author 
gladly agreed to do, but he was unfortunately unable 
to see all the experiments—of which the following 
is an account—completed. An experimental boiler 
was made having a cylindrical shell 2 ft. long and 
2 ft. 6in. in diameter, of + in. plates, the ends of 
which were butted together and covered with a 
double rivetted butt strip. 
The results of the experiments are given in the 
accompanying diagram, wherein the pressures in 
ounds per square inch are read off by the vertical 
ines, each space representing 5 lb., whilst the 
deflections are given by the horizontal lines, the 
space between each of which represents yin. The 
lines with the letters A, B, C, D represent the deflec. 
tions at the centre of the plate, and the lines with 
the letters A', B', C', D' denote the permanent sets, 
Experiment 1.—For the first experiment one end 
of the boiler was made with’ a flat jin. plate, 
flanged, and of ordinary workmanship, The dia- 
meter of plate between root or spring of flange 
was 2ft.4in. The other end was a flat plate ,, in. 
thick, secured to shell by a stout outside angle iron, 
The diameter of the plate between rivets was 2 ft. 
10}in. The rivets were Zin. diameter and 2} in. 
pitch. The quality of both end plates was ordinary 
merchant boiler plate, The tensile strength per 
square inch of the flanged plate was found on test- 
ing to be 20} tons along the fibre, and 19} tons 
across the fibre, the amount of stretching being 
7 per cent. 





ow, according to the rules above quoted the 


M. Resal treats of the, 
| strength of dished ends of boilers in a paper printed 


#in, plate should have given way at about 40 lb., 
and the ,%, in, plate at about. 631b. pressure. Al- 
though the correctness of the rule was not relied 
upon, yet the author considered the strength would 
be as the square of the thickness, and consequently 
that the yin. plate would have a large margin of 
strength compared with the # in. plate. 

On applying pressure gradually by means of a 
hydraulic pump the % in. plate gave way first at 
280 lb. pressure. The deflections and sets noted at 
different pressures are given in the diagram, being 
marked A and A', the deflections are shown by the 
line marked A, the sets being shown by the line 
marked A'. Unfortunately the first permanent set 
was not ascertained in this or in most of the other 
tests. 

At the bursting pressure the plate gave way 
through the circular line of rivet hales with a sharp 
report. Although the actual rent was only 15 in. 
long, the plate was nearly broken through at the 
opposite side, and on inspection was found to be 
cracked from rivet hole to rivet hole all the way 
round (the fracture commencing on the inside of the 
plate), showing that the plate did not give way from 

ocal or accidental weakness. 

The curve of this rivetted plate under pressure 
was an arc of a circle, having a chord 2 ft. 104 in. 
long, without contrary flexure, and unlike the curve 
of the flanged plate which showed contrary flexure. 
None of the rivets were damaged, nor was the angle 
iron fractured. The deflections and sets of the 3 in. 
flanged plate at different pressures are marked € 
and C! in diagram. 

Eeperiment 2.—In the second experiment the 
vs in. plate was replaced by a j-in. plate, the angle 
iron and riveting being the same as before, -in. 
rivets at 24-in. centres. This 3-in. plate, which had 
a tensile strength of 20.83 tons per square inch, gave 
way under gradually applied hydraulic pressure at 
200 lb., at which it stood for about two minutes. 
The fracture was of a similar nature to that of 
the 3%-in. plate. 

Congees these two results, it is evident the 
strength does not vary as the square of the thickness, 
which might have been infe from the. curve of 
the plate under pressure. Had the strength been as 
the square of the thickness, the j-in. plate should 
have broken at about 125 lb., or the ,%-in. plate at 
about 450 lb., taking the strength of the other plate 
in either case as a basis. The results of this ex- 
periment are shown in diagram by lines marked D 
and D!, 

Experiment 3.—For the third experiment, the 
angle iron was removed, and a j-in, plate, dished to 
a radius of 3 ft. and flanged, was put in with the 
convex side inwards, to enable the rivetting of the 
flange to the shell, without removing the other -in. 
flanged plate, to be accomplished. The pressure was 
applied till the old j-in, plate was broken, but as 
the indications of the pressure gauge did not appear 
trustworthy, the results.of this experiment were 
thrown away. 

Experiment 4.—For the fourth experiment both 
ends of the cylindrical shell were cut off, and an 
inverted dished 3-in. plate replaced at one end. The 
other end was a j-in. flat plate secured by an inside 
angle iron 3 in, by 3 in. by } in., and 2-in. rivets at 
2-in. centres, diameter of plate between holes 
2 ft.24in. The tensile strength of this plate was 
19.66 tons per square inch. 

This 3-in. plate gave way at a pressure of 371 Ib. 
per square inch by fracturing through the rivet 

oles in a manner similar to the other flat plates, 
secured by outside angle irons. ‘The deflection at 
the breaking pressure was ]} in. and the permanent 
set ]} in. it will be seen by the diagram that the 
deflections “marked E' were more regular than 
those of the other tests. The results of test 2 and 
test 4 appear to show that when inside and outside 
angle irons are used, the strength of the flat plate 
does not vary inversely as the radius. For if it did 
we should have the strengths as 284 and 261 instead 
of 200 and 371, taking the diameter and strength 
of either plate as a basis. Nor does the strength 


appear to vary inversely as the square of the radius, 
or we should have the figures 258 and 287 instead 
of 200 and 371. 


Experiment 5.—This fifth experiment was for the 
same purpose as the third, viz., to ascertain the 
breaking strength of a flat 3-in. flanged plate, 
radius of bend being 1 in, inside, making diameter 
of plate over flat portion about 2 ft. 44 in. The 
tenacity of the plate was 21.2 tons per square inch 
with an elongation of 7.9 per cent. 








At 3001b. pressure a report was heard similar 
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to that in the other experiments when rupture took 
place, the deflection being 1}in. The pressure 
was increased to 380 lb. before the leakage over- 
came the power of the pumps, with a deflection of 
1} in. anda permanent set of J? in. The rupture 
was on inspection visible in three places round the 
root of the flange. In this experiment the pressures 
at which permanent set took place were noted ; at 
10 lb, pressure, the deflection was 7, in., and on tak- 
ing off the pressure the plate resumed its original 
shape ; at 25 lb. the deflection was }in., on remov- 
ing the pressure no deflection could be detected ; at 
40 lb. pressure the deflection was ; in., at zero no 
deflection ; at 50 lb. the deflection was 4 in., at zero 
no deflection ; at 65 lb. the deflection was jin., and at 
zero x; in. ‘The permanent set had therefore taken 
lace somewhere between 50 lb. and 65 Ib., or at the 
ursting pressure given by Rankine’s and Grashof’s 
rules, and the fracture took place round the circum- 
ference in all the tests, as assumed by these authori- 
ties. The résults of this test are marked B and B'. 
" The j-in. plate dished to a radius of 3 ft. and 
placed with its convex side inwards, bulged only 
vs in. at the greatest pressure and sprang back to 
its original shape when the pressure was taken off. 

The conclusions to be drawn from these results 
are : 

1. Although the bursting pressure has been 
found to be so high, boiler makers must be warned 

ainst attaching any importance to this, since the 
plates deflected almost as soon as any pressure was 
put = them and sprang back again on the pres- 
sure being taken off. This springing of the plate 
and the compression at the root of the flange when 
the pressure is alternately applied and removed in 
actual work, in the course of time inevitably results 
in grooving or channelling, which, especially when 
aided by the action of the corrosive acids in the 
water or steam, will in time reduce the thickness 
of the plate to a knife edge, and bring about the 
destruction of an unstayed surface at a very low 
pressure. 

2. The manner in which the flanged plate gave way 
round its circumference and the pressure it stood, 
show that the explosion which gave rise to these ex- 
periments was due to the weakening of the plate by 
the manhole, and still further by the crack extending 
from the edge of the manhole, and not to the fact 
that the plate was unstayed, as no grooving was 
present. 

8. Since flat plates commence to deflect at very 
low pressures they should never be used without 
stays, but it is better to dish the plates when they 
are not stayed by flues, tubes, &c. 

4, Against the commonly accepted opinion that 
the limit of elasticity should never be reached in 
testing a boiler or other structure, these experiments 
show that an exception should be made in the 
case of an unstayed flat end plate of a boiler, 
which will be safer when it has assumed a perma- 
nent set that will prevent its becoming grooved by 
the continual variation of pressure in working. The 
hydraulic pressure in this case simply does what 
should have been done before the plate was fixed, 
that is, dishes it. 

5. These experiments appear to show that the 
mode of attaching by flange or by an inside or outside 
angle iron exerts an important influence on the 
manner in which the plate is strained by the pres- 
sure, 

When the plate is secured to an angle iron, the 
stretching ta pressure is, to a certain extent, 
concentrated at the line of rivet holes, and the plate 
partakes rather of a beam supported than fixed 
round theedge, Instead of the strength increasing 
as the square of the thickness, when the plate is 
attached by an angle iron, it is probable that the 
strength does not increase even directly as the 
thickness, since the plate gives way simply by stretch. 
ing at the rivet holes, and the thicker the plate, the 
less uniformly is the strain borne by the different 
layers of which the plate may be considered to be 
made up. When the plate is flanged, the flange be- 
comes compressed by the pressure against the body 
of the plate, and near the rim, as shown by the con- 
trary flexure, the inside of the plate is stretched more 
than the outside, and it may be by akind of shearing 
action that the plate gives way along the line where 
the crushing and stretching meet. 

6. These tests appear to show that the rules 
deduced from the theoretical investigations of Lamé, 
Rankine, and Grashof are not confirmed by experi- 
ment, and are therefore not trustworthy. 

It may, however, in justice to those authorities 
be remarked that they assumed the plates to be 


encastré or fixed between two rings, and not flanged 
or bolted as in the experiments; yet this assumed 
mode of fixing should not cause the strength of the 
om to differ materially from that of a flanged plate. 

f it does, then the rules deduced for excastré plates 
wt worthless, as plates so fixed are scarcely ever 
used, 








THE IRON AND STEEL INSTITUTE. 
THE ELDONATION OF PHOSPHORUS, AND THE DiRECcT 
@rocess or MANUFACTURING IRON. 

In our last number (vide page 231 ante) we gave 
an account of the proceedings during the first day 
of the Iron and Steel Institute meeting held at 
Newcastle last week, and we now propose to con- 
tinue our report and deal with the proceedings of 
the three subsequent days. As we have already 
announced briefly the discussion on Mr. Bell’s and 
Dr. Siemens’ papers* begun on the Tuesday was 
continued on the Wednesday morning, the proceed- 
ings being commenced by Mr. Edward Williams, 
who made some additions to his observations of the 
previous day. Remarking, first, on the importayce to 
the Cleveland district of some cheap mode of puri- 
fying the iron of that district from phosphorus, he 
went on to speak of some experiments carried out 
for him at the Gorton Steel Works in November, 
1874, by Mr. Stead, these experiments (which were 
made at the time when Mr. Williams was ad- 
vising Messrs. Bolckow, Vaughan, and Co. 
respecting their then proposed Steel Works at 
Eston), showing that it was possible to remove 
varying proportions of the phosphorus up to 
91 per cent., that being the greatest proportion re- 
moved in any of the trials. These experiments also 
showed clearly that the lower the temperature at 
which they worked, the better the removal of the 
phosphorus could be effected. The results of the 
experiments were, however, not satisfactory, owing 
to the want of fluidity in the purified iron. When 
taking out the phosphorus they also removed the 
silicon, and this was the cese whether the iron was 
treated at a high or low heat. Thus in three cases 
when the proportions of the phosphorus removed 
were respectively 48, 55, and 91 per cent. the losses 
of silicon were 95, 96, and 97 per cent., and as 
Messrs. Bolckow contemplated the use of Bessemer 
converters only at the Eston Works, this want of 
silicon was fatal. With the Siemens-Martin system 
the results would have been somewhat different. 


sidered more likely that the phosphorus passed up 
the chimney in a gaseous condition than that it 
should pass into the slag j the question as to how 
it was Suck of was, however, an interesting one 
for chemists to decide, although its solution in ex- 
periments conducted on a practical working scale 
was a matter of much difficulty. The facts before 
them appeared to show that towards the end of the 
puddling operations, a more acid slag than was 
usually obtained was desirable. 

Next Professor Williamson, referring to his re- 
marks of the preceding day, reminded the meeting 
that it was a well-known fact that silica—that is to 
say silicic acid in its uncombined state, and not salts 
of silica—was capable of expelling phosphoric acid 
from its compounds, but that compounds of silica, 
such as silicate of iron, cannot do this. With regard 
to certain remarks made by Mr. Riley on the 
previous day, they referred, he explained, to diffe- 
rent conditions to those he (Professor Williamson) 
had been dealing with in his remarks, it being quite 
true as pointed out by Mr. Riley that an expulsion of 
phosphoric acid by the silica did not take place when 
the latter was combined with bases. Referring to 
the remarks of Mr. Baker, Professor Williamson 
observed that he had lately had occasion to notice 
the rapidity with which phosphoric acid evaporated 
in an oxidising atmosphere. Phosphoric acid was 
very commonly considered to be difficult of vola- 
tilisation, but when set free from its compound base 
its volatilisation appeared to take place with 
marvellous rapidity in a gaseous atmosphere at what 
might be roughly described as a moderate red heat. 

Mr. Ness, who was somewhat indistinctly heard, 
next gave the results of some experiments made at 
the Steel Works of Scotland on the treatment of 
Indian iron ores, these ores being magnetic oxides, 
and being very pure, containing no sulphur or phos- 
phorus, and only from one to two per cent. of silicon. 
In a Siemens puddling furnace these ores had been 
reduced by the action of carbonic oxide to a kind of 
iron sponge, which had been subsequently made into 
steel in a crucible. Mr, Snelus, in reply to an in- 
quiry from the President, observed that he had been 
making experiments on the elimination of phos- 
phorus, which as regarded the effect of temperature 
pointed to an opposite deduction to that arrived at 
by Mr. Bell. His experiments were, however, not 
completed, and he, therefore, preferred to defer 
| Speaking of them in detail. 
| Next Mr. Stead, speaking of the experiments 









Mr. Williams expressed his belief that working at | mentioned by Mr. Edward Williams as having been 
a low temperature it was quite possible to elimi-| carried out for Messrs. Bolckow and Vaughan, 
nate phosphorus from Cleveland iron by “ wash-| observed that his results in many respects con- 
ing” the latter with oxide of iron, and in fact firmed those arrived at by Mr. Bell as regarded the 
this had for years been done in the puddling fur- | effect of temperature on the removal of phosphorus, 
nace, with the result, however, that there was a | that removal being best effected at a low heat. He 
loss of carbon as well as phosphorus. In some of his | had in fact heated Cleveland iron in a crucible with 
experiments 30 per cent, and in others as much as 40 * mill tap” with the result that at a low temperature 
per cent, of the carbon was lost. Even with the nearly the whole of the phosphorus left the iron 
best results as much as 20 per cent. of the carbon ' and went into the slag, while, when the mixture 
was taken out, It was commonly said, remarked | was subsequently reheated at a high temperature, a 
Mr, Williams, that carbon gave fluidity to iron, but | portion of the phosphorus went back into the iron. 
silicon he considered was equally essential, and he Qn the other hand an -experiment was made with 
inquired why it was that grey iron was so much | Cleveland iron in a puddling furnace fettled with 
more fluid than white in the puddling furnace, not- | the best mill tap, the puddling being conducted at 
withstanding that the percentage of carbon was the | very low temperature, while in a second experi- 
same in both? This result he himself attributed to | ment the conditions were the same, except that the 





the grey iron being the more silicious. Regarding temperature was kept as high as possible, and the 
this Mr. Riley observed that grey iron was pro- results of these two experiments showed that with 
duced at a higher temperature than white, and was | the high temperature the phosphorus was almost 
therefore more fluid; but Mr. Williams explained removed, while in the case of the iron puddled at 
that he did not refer to the fluidity of the metal!a low temperature the phosphorus remaining was 
when run from the blast furnace, but when remelted |three or four times as much, At first these 
in a puddling furnace, the temperature being the results appeared contradictory when compared 
same in the two cases. |with the crucible experiments, but in reality 
The next speaker was Mr, Baker, of Sheffield, ' they were not so, it being found that in the 
who observed that he had experimented on the puddling experiment at a low heat the result was 
oxidation of the impurities in Cleveland pig, by due to the temperature being too low to melt a 
subjecting the molten metal to a current of carbonic | sufficient amount of fettling. In fact, at the end 
acid gas in the hope of a neutral gas (carbonic oxide) of the operation the bottom was so dry that no 
being formed, and the carbon allowed to remain ia | cinder was tapped, while in the experiment at a 
the metal. He was able to speak of crucible ex- high temperature two bogies full of cinder were run 
periments only, and not of trials on a large scale,! out, In rotary puddling furnaces similar results 
but the results were not unpromising. With were obtained, and bearing in mind that the quan- 
regard to other experiments which had been made | tity of melted oxide with which the iron is treated 
for the removal of phosphorus, he observed that it! is ‘an important element in the removal of phos- 
had not usually been determined what became of | phorus, he was inclined to define the most suitable 
the phosphorus so removed. With an acid slag | temperature for the operation as the lowest which 
such as was formed in the Bessemer process, and the | sufficed for the melting of the necessary quantity of 
earlier stages of the puddling process, it was he con- | fettling. Referring next to Mr. Bell's remarks on 
ens the behaviour of sulphur in iron, Mr. Stead remarked 
that he had had the opportunity of treating iron 

257| containing as much as Rows cent. of sulphur, and 





* We publish Dr. Siemens’ paper in extenso on page 224 
of our last and page 256 of our present number, while the 
publication of Mr. Bell’s paper is commenced on page 





of our present issue. that he had found as much as 90 per cent. of this 
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quantity removed in the puddling process. By ex- 
perimenting with a mixture of iron and cinder 
contained in a crucible witha pierced lid he had 
found sulphurous acid gas to be evolved. The 
remarks he had made about phosphorus applied 
also, he stated, tosilicon. It is well known that the 
elimination of silicon in the Bessemer converter was 
generally very rapid, but Mr. Stead pointed out 
that this action was materially affected by the tem- 
perature at which the metal was charged into the 
converter. From experiments made at the Gorton 
Works it was found that when the metal was charged 
very hot, the vessel being also hot, the silicon went 
off less rapidly during the earlier stages of the 
blowing, the silicon and carbon, in fact, going off 
together; whereas with -the vessel cool and the 
metal charged at a low temperature, the silicon goes 
off very rapidly—much more so than the carbon. 
The next speaker was Mr. Pattinson, who made 
some brief remarks on the value of the various ex- 
periments which had been referred to, and Mr, LI. 
Lowthian Bell then rose to make some remarks on 
the President’s paper, and to reply to the discussion 
upon his own communication. As regarded the 
former, Mr. Bell observed that it was impossible to 
overestimate the value of the researches which had of 
late years been carried on by Dr. Siemens, the re- 
sults of these experiments—so freely laid before the 
Institute — being of vast importance, whatever 
might be the commercial success or non-success of 
the direct process. For his own part he (Mr, Bell) 
considered the blast furnace would be very difficult 
to displace ; but if Dr. Siemens could take an ore 
containing a large percentage of phosphorus and 
obtain from it a product containing no phos- 
phorus, the elements of comparison would be dis- 
turbed. He had had some hopes of this, and he 
was disappointed therefore, on hearing the Pre- 
sident’s paper, to find that Dr. Siemens had not been 
successful in treating the poor Northamptonshire 
ore by his direct process, but had had to mix a 
richer ore with it. He was not prepared to say 
that even under these circumstances there were not 
some advantages in the direct process, but he must 
still claim pre-eminence for his favourite apparatus, 
the blast furnace, particularly when regarded from 
the £ s.d. point of view. According to the Pre- 
sident’s own figures it would require, Mr. Bell 
observed, forty-two of the direct process furnaces 
to deal with the same quantity of materials as one 
blast furnace making hematite pig. It was of course 
quite true that Dr. Siemens got bar iron in place of 
pig; but now-a-days it was neither bar iron nor 
pig that was required, but steel. Dr. Siemens had 
stated that in his direct process about 3 tons of 
coal make a ton of malleable iron, but this amount 
of coal will also produce the quantity of Bessemer 
pig required to make a ton of steel, and will con- 
vert this pig into a steel ingot. The cost of labour 
was also about the same in the two) operations, 
namely, about 12s. per ton. Moreover it was also 
to be borne in mind that a blast furnace—and par- 
ticularly one smelting hematite—reduces almost 
every particle of the metal contained in the ore, 
while Dr, Siemens has a loss of from 23 to 25 per 
cent, of iron in the cinder. 
Replying next to the discussion on his own paper, 
Mr. Bell first congratulated the members of the 
«Institute on the way in which pure science had 
been imported into their discussions on this occasion, 
and he referred especially to the remarks of Pro- 
fessor Williamson. It was quite true, he stated, that 
the researches in which he (Mr. Bell) had been 
engaged had scarcely reached the commercial stage ; 
but he had been anxious not to delay laying the 
results he had obtained before his fellow members, 
and this must be his apology for bringing forward 
the matter in an immature form. Commenting next 
on the effect of quantity as affecting the power of 
oxide of iron to remove phosphorus, he observed 
that if reference was made to the analyses given in 
his paper of iron puddled in the Danks furnace, it 
would be found that the phosphorus was reduced to 
a very low percentage indeed, and this he attributed 
to the quantity of cinder present in the Danks 
furnace being much in excess of that found in 
ordinary puddling furnaces. As regarded the 
belief expressed by Mr. Riley on the previous day 
that sulphur does not enter into iron in the blast 
furnace, Mr. Bell observed that in the deoxidising 
atmosphere of such a furnace sulphate of lime 
becomes sulphide of calcium, and the sulphur 
then combines with the iron. He had on a 
previous occasion described experiments showing 
approximately to what extent the sulphur would find 


its way into the iron and cinder respectively. He 
agreed that very silicious iron, or ‘‘ glazed iron” as 
it is sometimes called, could not be deprived of its 
— in a refinery, but with iron containing 
ordinary proportions of silicon it was different. As 
regarded the remarks made by Mr. Edward Williams, 
Mr. Bell observed that until he had heard the 
further explanations given that morning these re- 
marks had surprised him notalittle. If, however, as 
stated by Mr. Williams, the carbon was removed to 
the extent of 30 per cent. at the same time as the 
removal of the phosphorus was effected, at insuffi- 
ciently fluid product would necessarily be the 
result. His own experiments were often contra- 
dictory, but he considered that the matter only re- 
quired further research to insure constant results. 
With regard to what had been said by Mr. Williams 
concerning the fluidity of iron as dependent upon 
carbon, he (Mr. Bell) had assumed that cast-iron 
was necessarily a compound of but iron and carbon, 
but it was of course possible that other substances 
may, to a certain extent, replace carbon and convey 
fluidity. Professor Williamson had on the previous 
day stated that phosphorus was very difficult to re- 
move by puddling, while Mr. Williams had said that 
its removal in this way was easy. [Mr. Williams here 
remarked that to remove phosphorus by puddling 
was not difficult, but it was hard work.] Mr. Bell 
said he would go further and say that it was very hard 
work. It might, of course, not be impossible to re- 
move phosphorus in a puddling furnace, but Pro- 
fessor Williamson had left on his mind the impression 
that it was a very difficult chemical operation. On 
this point, however, the professor was directly con- 
tradicted by Mr. Williams. On referring, however, 
to the report of a previous discussion he (Mr. Bell) 
found a gentleman of the same nameas Mr, Williams 
urging iron manufacturers to make pig iron as pure 
as possible, on account of its being impossible with 
the best obtainable puddling to remove deleterious 
ingredients in the puddling furnace, [Mr. Williams 
here explained that on the previous occasion referred 
to he had been speaking of getting a sufficient 
number of good puddlers to carry out such opera- 
tions on a large scale.] With regard to the fusibi- 
lity of the purified iron, Mr. Bell stated that he had 
obtained a product which was perfectly fusible, and 
that in two cases half a ton of iron so purified was 
taken to the puddling furnace, and was found to 
melt freely. [Mr. Williams remarked that what he 
had meant to ask was whether the iron was fluid, 
not fusible, at the end of the operation.] In his 
experiments, owing to the metal having to be taken to 
other works to be puddled, it was, after purification, 
run into pigs, aud so had to be remelted in the 
puddling furnace ; it could, however, have been 
taken to the puddling furnace in a fluid state had 
facilities existed for doing so. The product 
obtained in his experiments was, he considered, well 
adapted for conversion into steel in the open-hearth 
furnace, but whether it couldbe used in the Bessemer 
process was doubtful on account of its deficiency in 
silicon, 

At the conclusion of Mr. Bell’s remarks, the Pre- 
sident, Dr. Siemens, proceeded to reply to the re- 
marks made upon his paper, and in the first place, 
in answer to some further inquiries which had been 
made, repeated the explanation he had given the 
day previous, of the manner in which the re-absorp- 
tion of phosphorus from the cinder was prevented in 
his direct process, This explanation will be found 
on page 232 of our last issue, and we need not 
repeat it here. Passing on then to the remarks of 
Mr. Bell, Dr. Siemens observed that it should be 
remembered that although he had been unsuccessful 
in treating Northamptonshire ore alone in his fur- 
nace, yet that it was impossible to smelt this ore 
alone in a blast furnace; an admixture of other 
ores was therefore justifiable in his direct system of 
treatment. Admitting that forty-two of his furnaces 
would be required to equal the turn out of a-blast 
furnace, Dr. Siemens remarked that the latter 
furnace would have to be accompanied by at least 
forty-two puddling furnaces to obtain the same pro- 
duct as he arrived at by the direct process; more- 
over, it must be remembered that at present the 
results obtained with the direct process were 
tentative, while the blast furnace might be regarded 
as having attained perfection. In reply to some 
observations from Mr. Bell explaining that the com- 
parison he had instituted did not refer to the manu- 
facture of wrought iron, but to that of steel, the 
metal being taken direct from the blast furnace to 
the Bessemer converter, Dr. Siemen’ went on to say 








‘that, as explamed in his paper, he adopted another 


mode of operating when steel was required, and 
this process he conceived to be as direct as possible, 
It was, however, true that such a process required 
rich ores ; with the impure ores the manufacture of 
wrought iron as an intermediate stage was a neces- 
sity, the sulphur and phosphorus being eliminated b 
operating at a low temperature as had been described, 
and the product being subsequently hammered to 
remove the cinder, and then treated in an open- 
hearth furnace for conversion into steel. As regarded 
Mr. Bell’s process, the President objected that it 
was an additional process which would cost mone 
to accomplish. Dr. Siemens added that he h 
lately made experiments at the works of Messrs. 
Hopkins, Gilkes, and Co., on the treatment of Cleve- 
land iron in the Danks furnace, and that he had 
obtained a product which produced good steel in the 
open-hearth furnace. Mr. Crampton had also some 
time ago shown them that Cleveland iron puddled 
in his furnace would make good steel by the open- 
hearth process, and they would therefore have to 
compare the results obtained by Mr. Bell with those 
resulting from puddling done in the most careful 
manner, Dr. Siemens concluded by commending 
the action taken by the North-Eastern Railway 
Company in encouraging research, and votes of 
thanks were then passed to the authors of the two 
papers which had been discussed. 


Cast STEEL FOR Guns. 

The next paper was one by M.° Gautier, on 
‘‘ Experiments with the New Artillery made from 
Steel without Blows,” this paper being read by M. 
Julien Deby, the foreign secretary, in the abserice 
of the author. We published M. Gautier’s paper 
in extenso on page 228 of our last number, and it 
will be unnecessary, therefore, that we should sum- 
marise it here ; we may remark, however, that this 
communication may be considered a kind of 
appendix to M, Gautier’s interesting paper on 
‘Solid Steel Castings” read before the Iron and 
Steel Institute at its last London meeting, and 
published by us on page 255 of our last volume. 

The discussion on M. Gautier’s paper read at 
Newcastle was, at the request of the President, 
commenced by Sir William Armstrong, who after 
remarking that the matter brought forward was 
one for the consideration of steel makers rather than 
gun makers, observed that the latter were quite 
ready to use cast tubes instead of forged, if they 
could be made strong enough. In any case, however, 
whether made of steel or iron, a built-up gun was 
stronger than one which was solid. Steel projec- 
tiles cast direct into form promised to be decidedly 
valuable, as hammering was not altogether good 
for such projectiles, Large hammered steel projecy 
tiles were very difficult to temper, being apt to fly 
to pieces in the process, andif a cast steel shot could 
be produced, which would possess the ne 
a power combined with tenacity, it would 

e of much service. More he considered could be 
done in this direction than in the production of gun 
tubes without forging. 

Mr, Alfred Longsdon, who was the next speaker, 
observed that the Krupp guns were all made of 
forged steel, and that as yet they had not found 
reason to alter their process. It was possible that 
the results recorded by M. Gautier might alter this, 
but at present the evidence brought forward re- 
garding the value of these steel castings was not 
sufficiently extended to admit of being fairly dis- 
cussed. Next Mr. Daniel Adamson spoke highl 
of the importance of the results recorded by M. 
Gautier, and he referred especially to the strength 
of these castings and their high elastic limit, Such 
metal, particularly if obtainable of uniform quality, 
was, he observed, of immense importance to the 
mechanical engineer. As regarded wrought iron, 
Mr. Adamson remarked that it was but too often 
spoiled in the course of its mechanical treatment, the 

timate product being a kind of iron concrete 
wanting in homogeneity. In ordinary merchant 
iron especially, the irregularity in quality was a 

eat source of annoyance. After a few remarks 
rom the President the discussion was concluded 
by a vote of thanks to M, Gautier for his paper, 


Tue MANUFACTURE OF COKE IN SoutH DurHAM. 

The next paper was one by Mr. A, L, Steavenson, 
of Durham, ‘On the Coke Manufacture of South 
Durham in relation to the Iron and Steel Trades of 
the North of England,” this paper having been 
printed by us in extenso on page 227 of our last 
number. In commencing the discussion Mr. I, 





Lowthian Bell fully confirmed the statements made 
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by Mr. Steavenson in his paper respecting the un- 
certainty in the quality of coke, coke which was to 
all appearance right as regarded both its mechanical 
and chemical qualities sometimes giving bad results 
when tried in the blast furnace. To some observa- 
tions from Mr, Wilson, of Middlesbrough, to the effect 
that the quality of coke was materially affected by the | 
time occupied in the coking process, and that when | 
trade was brisk and there was a great demand for 
coke the quality sometimes suffered, Mr. Bell replied 
that his firm were both coke producers and coke 
users, and that they had found that the variation in | 
quality was not to be accounted for in the way sug- | 
gested by Mr. Wilson. No doubt, however, short- 
burned coke was inferior to that burned for a longer 
period, For blast-furnace use what was required 
was a coke not easily solvent in carbonic acid gas as 
gas coke is. In a Diast furnace tere were really 
two fires, one at the hearth and one near the top, 
and this top combustion was to be avoided, as any 
coke thus consumed constituted a total loss. Bad | 
results sometimes accrued with long-burnt coke | 
owing toa want of sufficient gas in the coal to burn 
the coke properly. Altogether there was great 
doubt as to the chemical composition which it was 
most advisable that coal thou paouat to give good 
results in coking. 

Next Mr. Martin inquired whether the yield of 
coke was affected by the utilisation of the waste 
heat in the manner described in this paper, and 
Mr. Steavenson in replying on the discussion stated 
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that if the draught was properly regulated there was 
no loss from this cause. As regarded the Appolt 
coke ovens they had not given good results in this 
country, owing to the coke having to be watered 
outside. In conclusion the President remarked that 
coke making, although apparently a very simple 
operation, was really not so, and a vote of thanks 
being passed to Mr. Steavenson for his interesting 
paper, the meeting was adjourned until the follow- 
ing day, 
Tue Swinc BriwGe, NEWCASTLE. 

In the afternoon of Wednesday two excursions 
had been arranged, one by steamer first up and then 
down the Tyne to examine the works being carried 
out by the ‘Tyne Commissioners, and the other, also 
by steamer, down the Tyne to visit the shipbuilding 
works of Messrs. Leslie and Sons, and Messrs. C. 
Mitchell and Co.; Messrs. Forster, Blackett, and 
Wilson's Lead Works ; the Tyne Plate Glass Works ; 
the Yarrow Chemical Works ; the Tharsis Sulphur 
and Copper Works ; Palmer's Shipbuilding and Iron 
Works; and the Wallsend Slipway Company’s 
Works; all of which had been kindly thrown open 
to the members of the Institute. Obviously, how- 
ever, it was impossible to go through all these works 
seriatim, and the members had therefore to select 


| individually the works there was time to visit. 


For the excursions above-mentioned, the mem- 
bers assembled on the new swing bridge, arrange- 
ments having been made to show, before the steamers 
started, the working of the hydraulic machinery by 











which the bridge is opened and closed. The new 
swing bridge is situated a little below the well- 
known high-level bridge, its site having been pre- 
viously occupied by a fixed low-level bridge. The 
operations in connexion with it were commenced in 
September, 1868, and the bridge itself, which té- 
gether with the hydraulic machinery was constructed 
by Sir William Armstrong and Co., was opened in 
June, 1876. 1t consists of two fixed side spans and 
the central swing span with two openings, its total 
length being 530 ft., of which 278 ft. is made up by 
the double swing span. The clear openings afforded 
by the swing span are 104 ft. each, The roadway 
is 22 ft. wide and there are two footways 8 ft. wide 
carried by cantilevers outside the main girders. At 
the centre of the bridge the girders are surmounted 
by a kind of turret or signal-house from which the 
hydraulic turning gear is controlled. The swing 
span weighs about 1500 tons, and it is carried partly 
on forty-two rollers 3 ft. in diameter and 10 in. wide 
running on a path 43 ft. in diameter, and y 
on a central plunger 5 ft. 2 in. in diameter. hen 
the bridge is to be turned water under pressure 1s 
admitted under this central plunger, and the rollers 
are thus relieved of the greater part of their load. 
The hydraulic machinery for turning the bridge is 
situated on the central pier and is entirely in dupli- 
cate, Each set of the machinery consists of a small 
Cornish boiler (worked with a forced draught sup- 
plied by one of K6rting’s under grate blowers) sup- 
plying steam to a vertical pumping engine which 
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forces water into two accumulators situated on two of 
the foundation cylinders of the bridge. From these 
accumulators the water is supplied to the hydraulic 
engines, each set of the turning machinery having a 
three-cylinder engine of Sir William Armstrong’s 
well-known pattern, and of a size capable of develop- 
ing 60 horse power. This engine is geared to a 
circular rack 46 ft. in diameter, ving teeth of 9 in. 
pitch fixed on the bridge. Two ratios of gearing 
are provided, the fast speed being that usually 
employed, while the other is intended for use in the 
event of any accident preventing a portion of the 
weight from being carried on the central plunger, 
in which case, the whole weight resting on the 
rollers, the bridge would be moved with greater 
difficulty. Last Wednesday week, when the bridge 
was opened, the machinery worked with perfect 
smoothness, the bridge being opened and closed 
very quickly, and the turning being under perfect 
cqutrol, 


THE Tuarsis SULPHUR AND Copper CoMPANY. 

We have already stated that time did not permit of 
the numerous works included in the list for the down- 
river trip being successively visited, and we can there- 
fore only speak here of the works of the Tharsis Sul. 
phurand Copper Company, which we had an oppor- 
tunity of inspecting. At these works, which are 
situated on the south bank of the Tyne, there is carried 
on theextraction of copper from thespent pyrites from 
sulphuric acid works. The spent pyrites containing 
from 4 to 5 per cent. of copper, and about the same 
proportion of sulphur is first mixed with about 12 to 
15 per cent, of rock salt, and ground between rollers 
and sifted, and is then calcined in reverberatory 
furnaces holding charges of about three tons each. 
The calcining process is carried on ata low red heat, 
and lasts about ten hours, it being continued until 
the copper is converted into a soluble form, the 
results of the calcination being the conversion of the 
sulphide of copper into the chloride, while the soda 
of the salt becomes sulphate of soda. The calcined 
materials are next charged into wooden lixiviating 
tanks, where the soluble parts are dissolved out first 
by water, and subsequently by acid from the con- 
densers into which the gases from the calcining 
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furnaces are discharged. The solution of chloride 
of copper and sulphate of iron is pumped from one 
tank to the other, being brought successively in 
contact with fresher and fresher materials, until it 
acquires the desired strength, when it is passed on 
to the depositing tanks. The residue remaining in 
the lixiviating vats consists principally of peroxide 
of iron, and is sold to iron manufacturers under the 
well-known name of “ Blue Billy.” 

The depositing vats consist of ranges of rectan- 
gular wooden vessels disposed in a long pit in two 
rows with a space between them. In these vats is 

laced a quantity of scrap iron, and on this iron 
cine subjected to the action of the liquor from the 
lixiviating vats the copper and iron change places, 
the iron entering into solution and the copper being 
par rag This operation is assisted by heating the 
solution by the injection of steam, the portion of 
the steam pipe which enters the liquor being of 
wood, to avoid corrosion. When the scrap iron 
been dissolved and replaced by the deposited copper 
the liquor is run off to waste and the deposit col- 
lected and washed. This deposit contains from 70 
to 75 per cent. of copper, and it is next smelted into 
pimple copper containing about 90 per cent, of pure 
copper, while further smeltings eventually bring it 
to the degree of fineness required. Such is a brief 
outline of the processes conducted at the Tharsis 
Company’s Works, which’ are of very considerable 
extent and which were inspected with much interest 
by those who visited them. 


Tue CONVERSAZIONE, 


Wednesday evening was devoted to a conversa- 
zione held at the Town Hall, Newcastle, the use of 
which had been granted by the mayor and corpora- 
tion. The conversazione was very numerously 
attended, and selections of music were given in the 
course of the evening, the chief attraction, however, 
being Professor Graham Bell’s telephone, which was 
shown in action, and a lecture on which was given 
by Professor Bell himself. This telephone has been 
already so fully described and illustrated in our pages 
that it is unnece that we should redescribe 
it here, and we need only remark, therefore, that 
on the occasion of the conversazione of which we are 
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speaking, conversations were by means of the instru- 
ment most successfull on between New- 
castle and North Shi about ten miles distant, 


Ancient Iron Works IN SCOTLAND. 


On the resumption of the meeting on Thursday 
morning, the 20th inst., the President, Dr. Siemens, 
opened the proceedings by some remarks on a curious 
rey 8 iron slag which he had recently found in 
the North of Scotland on the estate of Mr. John 
Fowler, at Bremaur, The heap was found at the 
end of Loch Broom, in a place which was devoid of 
habitation, of fuel, or of ironstone, and in fact, in a 
place where it was certainly not to have been ex- 

that the manufacture of iron had been carried 
on, The slag was found grown over with turf, 
and it had small pieces of charcoal adhering to it all 
over, while its chemical composition was found to 
be as follows: 


Protoxide of iron 54.0000 
9 3.2554 
Alumina ... ; 13.0000 
Silica bol eee 22.1000 
Phosphoric acid ... 0.2194 
Sulphuric acid ... a sh dis 0.1250 
Lime ae in aid a bs 7.3000 
99.9998 


From this analysis Dr. Siemens concluded that a 
good ironstone had been used—very probably hema- 
tite—but one containing a considerable quantity of 
alumina and but little phosphoric acid. 


Tue Late SEcRETARY, Mr. JoHN JonEs, 


We mentioned in our last week's report of the first 
day’s proceedings that it was then announced that a 
series of resolutions was being framed expressing 
the feelings of the Institute with regard to the loss 
which had been sustained by the death of the late 
secretary, and on Thursday, after the remarks of 
Dr. Siemens, of which we have just spoken, these 
resolutions were moved by Mr. I. Lowthian Bell, 
and having been seconded by Mr. Menelaus were 
unanimously adopted. The resolutions were as 
itews ; 

1. + this mee! 
desires to place on pF ag ey ee gn A eo propos 
vices rendered to the iron and steel industries by their late secre- 


tary, Mr. John Jones, firstly, in suggesting establishment, 
and, secondly, in assiduously promoting the tof their 


ety. 

2. That the members of the Institute are wishful to express their 
pam, regret at the lose they personally, and the interests which 
t is their object to cultivate, have sustained by the premature 
death of Mr. Jones. 

8. That they further are desirous of expressing to Mrs. Jones 
and her family their heartfelt pathy in their bereavement, 
and that an assurance to this effect, along with the sentiments 
contained in the two previous resolutions, be conveyed to that 


lady. 

4. As an evidence ef the regard in which Mr, Jones’s memory 
is cherished by members, and as a means of assuring his widow 
and family; of their desire to alleviate, as far as ible, the diff_i- 
culties of their present situation, that a fund should be raised, 
under the patronage of the Institute. That contributions should 
be asked from its members, and from others who may sympathise 
with his family, or whose interests may have been promcted by 
the labours of the Institute, 

5. That Mr. David Dale, Mr. Edward Williams, Mr. William 
Whitwell, and Mr. Isaac Lowthian Bell be appointed a committee 
to carry the above-named resolutions into effect, and that they, 
with the a of the J aqme of the ay ees Institute, 
be empowe' to make s arrangements for appropriation 
of the funds which may be placed at their disposal as may seem 
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to them best adapted for promoting the interests of Mrs. Jones 
and her family. 


In — these resolutions before the meeting, 
Mr. Bell spoke in well-chosen terms of the manner 
in which the Institute had benefited by the exer- 
tions of its late secretary, and he explained the 
unfortunate circumstances which, notwithstanding 
Mr. Jones’s foresight and the provisions he had 
made, caused his family to be left in exceedingly 
straitened circumstances, Respected as Mr. Jones 
was we cannot doubt that the ap made in the 
fourth resolution will be cordially responded to, 
while the names of the committee appointed afford 
@ stfflicient guarantee that any funds thus raised 
will be disposed of with care and judgment. 


: MECHANICAL PUDDLING. 

Next a paper was read by Mr. Richard Howson, 
“On Mechanical Puddling,” the paper being espe. 
cially descriptive of Messrs. Godfrey and Howson’s 
ro uddling furnace, and of the results which had 
so far been attained withit. It will be remembered 
that we brought this furnace before our readers 
about fourteen months ago, when we published 
an illustrated account of it (vide page 85 of our 
twenty.second volume). Since then, however, its 
details have been in some respects modified, and 
we therefore give Mr. Howson’s paper in extenso 
on page 255 of the present issue, while on pages 242 
and 243 we reproduce the diagrams by which it was 
illustrated, 

The discussion on the paper was commenced by 
Mr, E. Williams, who remarked that if he had not 
lost ll faith in puddling, he would have great hopes 
of the success of Mr. Howson’s furnace. As it was, 
however, he did not believe that puddling was 
destined to hold a place in the iron manufacture of 
the future, as he thought that the conversion of cast 
into finished iron—or steel, which was the same 
thing—would be effected without the puddling pro- 
cess. He added, however, that he had seen the fur- 
nace described at work, and it performed exceedingly 
well, the lining standing wonderfully, and there 
appearing to be an absence of those troubles which 
had usually attended rotary puddling. He also ex- 
pressed his admiration at the energy and enthusiasm 
displayed by Messrs. Godfrey and Howson, and 
concluded by stating that he considered these fur- 
naces an exceedingly hopeful apparatus for carry- 
ing out the og ing process now being experi- 
mented upon by Mr, Bell. 

The next speaker was Sir. John G. N, Alleyne, 
who inquired what lining was used in the Godfrey 
and Howson furnace, and who then referred to the 
remarks made by Professor Williamson on the 
previous Tuesday, respecting the use of the spectro- 
scope as a pyrometer for the approximate de- 
termination of high temperatures, Sir John did not 
think the apparatus applicable for that purpose, as the 
spectrum obtained would not vary with the tem. 
perature, In reply to this, Professor Williamson 
observed that he had only directed attention toa 
suggestion which had been made by some one else, 
but he added that in using the spectroscope for 
ascertaining temperatures, it was not proposed to 
observe the incandescent gases of a furnace, but to 
examine incandescent solids only, sample pieces 
being withdrawn from the furnace for that purpose. 

Next Mr. Jeremiah Head spoke very favourably 
of the action of Messrs. Godfrey and Howson’s 
furnace which he had twice seen in operation, and 
he especially praised the excellent manner in which 
the constructive details had been worked out. The 
absence of any frictional contact between the mouth 
of the furnace and a fixed part he considered par- 
ticularly important. When he first saw the furnace 
working with cold air it appeared to work rather too 
cold, but with hot blast it did well. Blooms from 
Messrs. Godfrey and Howson’s furnace had been 
rolled into plates at the works of his firm, and 
although unfortunately he was absent at the time 
they were rolled, and thus could not speak from 
personal observation, yet he heard that they made 
very good plates. 

Professor Williamson next inquired whether the 
7 or § per cent. of phosphorus mentioned in Mr, 
Howson’s paper as being contained in the cinder 

ueezed out of a bloom was really phosphorus or 
phosphoric acid ; phosphorus of course would cor- 
gr to a much higher entage of phosphoric 
acid. To this query Mr. Stead, the next speaker, 
said he could reply. The 7 and 8 per cent. men- 
tioned was really phosphorus, equal to 15 or 16 per 
cent, of phosphoric acid. This was a much higher 
percentage than had previously been found in cjnder, 
and there wag thus less fettling used, 





The next speaker was Mr. [. Lowthian Bell, 
who said that had not Mr.4Williams spoken he 
would have been inclined to have taken some 
credit to himself for predicting a brilliant future 
for Messrs, Godfrey and Howson’s furnace. Mr. 
Williams appeared to regard an improved pud- 
dling furnace much as he might be expected 
to regard an improved coach brought out to 
run against the North-Eastern Railway between 
Newcastle and Middlesbrough, but nevertheless 
he (Mr. Bell) anticipated that puddling would die a 
harder death than Mr. Williams anticipated. After 
some remarks on the manner in which most suc- 
cessful processes had been foreshadowed in earlier 
— Mr. Bell went on to say, that the difference 

etween the purifying process which he was en- 
gaged in investigating and the puddling process, 
the capabilities of which had been upheld by 
Sir John G, N. Alleyne and others, was that 
in puddling the removal of the phosphorus was 
accompanied by the removal of other elements, 
while he, when removing the phosphorus, had 
managed to retain thecarbon. Mr. Bell next spoke 
strongly in favour of the use of gaseous fuel, and 
this quite apart from the question whether or not 
regenerative furnaces were employed. The quantity 
of gas used for puddling a given charge in Mr. 
Howson’s furnace could, he pointed out, be obtained 
from one-fourth the quantity of coal used in dealing 
with a similar charge in the Danks furnace, while 
the gas coke from this coal was left for use in other 
ways, In the United States, where natural gas was 
being used for puddling in some works,* the results 
also showed that the gas used was considerably less 
than that which could be derived from the quantity 
of coal ordinarily employed. As regarded the 
results obtained by Messrs. Hopkins, Gilkes, and 
Co. with the Danks furnace, {there was at one time 
a greater percentage of phosphorus left in the iron, 
but an improvement had been made in that respect, 
and as would be seen by the analyses given}in his 
(Mr. Bell’s) paper, the percentage of phosphorus in 
his Danks iron was now very moderate. 

Mr. T. R. Crampton, who spoke next, said that no 
one could appreciate Messrs. frey and Howson's 
furnace more than he did. In fact, the original 
arrangement he had ‘sketched out for his own fur- 
nace was like Mr. Howson’s, but he had abandoned 
the idea on account of the difference of depth of 
metal at different parts of the furnace, and the 
irregular action upon the different parts of the metal 
resulting from the rotary motion. As regarded the 
absence of wearing surfaces at the mouth of the 
furnace, he did not consider that an important point. 
In his original furnace at Woolwich the wearing 
surfaces were in as good order as when they were 
first put in, and there was no leakage between them. 
In subsequent furnaces it was true some trouble had 
been experienced, but this had arisen from a de- 
parture being made from the original plan with a 
view of obtaining a somewhat cheaper construction. 
The Woolwich furnace run perfectly true on its 
supporting rollers, and hence they were able to keep 
the opposed surfaces at the mouth about +; in. apart, 
and any cinder entering into this space was at once 
chilled, and did not flow through. Three years ago 
Cleveland iron containing 1.3 per cent. of phosphorus 
had been dealt with in his furnace at Woolwich, and 
the phosphorus reduced to 0.06 and to 0.03 per cent., 
while from the product thus obtained high-class 
steel had been made by Mr. Webb, of Crewe, by 
the Siemens-Martin process. These experiments, 
namely, both the puddling and the conversion into 
steel, had been conducted by members of Mr. 
Webb’s own staff, the iron being sent to Woolwich 
by Mr. Webb.t The elimination of phosphorus in 
a rotary puddling furnace was thus not new. Mr. 
Crampton added that he had effected this at both 
high and low temperatures, the furnace during some 
experiments being worked at as high a temperature 
as possible. As regarded the remarks which had 
been made concerning the use of gaseous fuel, he 
(Mr. Oeupten) considered that the proper course 
was to both make and use the in contact with 
the material to be heated, and this he did in his 
system of burning coal-dust, 

Replying on the discussion, Mr. Howson explained 
that the lining of his furnace was made of the best 
‘* mill tap,” which was used in lumps, some, however, 
being ground and used as acinder cement, A heat 
had been got out of this furnace in a quarter of an 





* An account of the use of natural gas for puddling will 
be found on page 217 of our last volume. 

+ Particulars of the tests of steel thus made will be found 
on page 211 of our eighteenth volume. 





hour, and the time should in no case exceed 30 min. ; 
about 20 to 25 minutes he considered the proper 
time. He had tried putting in fettling first, but had 
not found it so good a plan as sprinkling it in sub- 
sequently. The fettling, he had found, must not be 
melted ; it may, however, be heated, but it must be 
dry when put into the furnace. The heat during 
the first part of the process must be kept low, and 
only raised towards the end. He had found that 
3 ewt. of fettling per charge was sufficient to reduce 
the phosphorus in the bloom to 0.15; he could 
reduce it lower, but so far he had not troubled about 
this. The iron used had been rincipally white, 
As regarded steel an attempt had been made to melt 
steel in his furnace, and Mr. Shaw, of Workington 

had melted 98 per cent. of blooms with 2 per cent, 
of ferro-manganese. In conclusion he stated that 
there was no boiling whatever in his mode of opera- 
- oe they attempted to boil they only spoilt the 

eat. 

The President observed that the results obtained 
by Mr. Howson confirmed those which he had him. 
self obtained at Towcester when carrying out his 
direct process, namely, that cinder was capable of 
carrying 8 per cent, of phosphorus. If Mr. Howson 
could remove the phosphorus and retain the metal 
in a fluid condition, he might, he considered, stop 
short at an earlier stage than he had so far done and 
use the fluid product for making steel in the open 
hearth instead of making it into blooms. A vote of 
thanks was then, on the motion of the President, 
awarded to Mr. Howson for his valuable paper, 


BELGIAN THREE-HIGH ROLLING MILLS. 


The next paper read was one by M. Alp. Thomas 
on ‘Improvements in Belgian Three-high Rolling 
Mills.” This paper was printed by us in ertenso on 
page 226 of our last issue, and as its discussion was 
postponed until the next London meeting it is 
ne that we should say more concerning it 

ere, . 
TE UTILISATION OF BLAST FurRNACE Sac. 


Next Mr. Charles Wood, of Middlesbrough, read 
an interesting paper ‘‘ On the Progress of the Slag 
Industries during the last Four Years.” and this 

per, together with the diagrams which illustrated 
it, we reproduce on page 247 of our present number. 

The discussion on Mr, Wood’s paper was com- 
menced by Mr. Snelus, who paid a well-merited 
tribute to Mr. Wood’s labours, and who then went 
on to direct attention to the progress which had 
long ago been made in the utilisation of slag by Mr. 
Liirmann, of Osnabriick, at which place a p Sans 
and nearly one-third of the houses were built of 
slag bricks. He (Mr. Snelus) had used granulated 
slag mixed with lime and oxide of iron in the form 
of from § to 10 per cent. of mill scale, and had em- 
ployed it with satisfactory results for building 
a wharf, &c. 

Next Mr. Jeremiah Head said that, as a director 
of the Cleveland Slag Company, he had pleasure 
in testifying to the perseverance and energy which 
Mr. Wood had displayed in overcoming difficulties, 
while he added that the bricks made at these works 
did well, and that Woodward's bricks, referred to 
in Mr, Wood's paper, also appeared to answer well 


a? sg 
. Wood, in his reply, stated that he had given 
due credit to Mr. Liirmann and others in his fornfer 
paper on this subject, but that in his present paper he 
had desired to deal only with recent progress. In 
reply to an inquiry, he stated that the covering of 
the slag wool mattresses used for clothing steam 
pipes did become charred on the side next the pipes, 
ut that this did not, interfere with the slag wool 
which retained its position. A vote of thanks was 
then accorded to Mr. Wood for his paper. 


Tue PROTECTION OF METALS BY THEIR OXIDES, AND 
‘¢ BLISTER STEEL.” 

The next proceedings consisted in the reading by 
Mr, Edward Williams of two papers by Dr. Percy, 
one being ‘‘ On the Protection from Atmospheric 
Action which is imparted to Metals by a Coating of 
their own Oxides respectively,” and the other ‘‘ On 
the Cause of the Blisters on Blister Steel.” Both 
these papers were of much interest, and we 
intend to publish them ix extenso next week, but 
inasmuch as their discussion was deferred until the 
next London meeting—when it was hoped that Dr. 
Percy would be present—we need not refer to them 
further here. 


With the reading of Dr. Percy's papers the tech- 
nical business of the meeting terminated, but before 
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its adjournment hearty votes of thanks were passed 
to the Mayor and Corporation of Newcastle, to the 
North-Eastern and North British Railway Com- 
anies, the Tyne General Ferry Company, to the 
engineers and members of the ‘Tyne Commission, 
and to the numerous other individuals and public 
bodies, to whom the members were indebted for 
the aid of various kinds which had made the New- 
castle meeting so successful. 

The afternoon of Thursday was spent in a visit 
to Sir William Armstrong and Co,’s works at 
Elswick, and the steel works of Messrs. John Spencer 
and Sons, at Newburn, while the following day 
(Friday) was wholly devoted to a visit to the Mid- 
dlesbrough district, where the Clarence Iron Works 
of Messrs. Bell Brothers, and the new steel works 
of Messrs. Bolckow, Vaughan, and Co. were in- 
spected, and where numerous other works were 
also thrown open. For both Thursday and Friday, 
excursion special trains were kindly placed at the 
service of the members by the North-Eastern Rail- 
way Company. The space our present notice has 
already occupied compels us to content ourselves 
by merely mentioning these excursions here, and 
to defer our notes on the works inspected until next 


week, 


FORCES ACTING BETWEEN VALVE 
SURFACES. 
To THE EDITOR OF ENGINEERING. 

Srr,—In his last letter ‘‘C. A. M.’’ assigns at least one 
limit to the fluid pressure between valve surfac2s, and 
“incontestably proves” its accuracy by the following pro- 
position. ‘‘ Now, supposing that any steam does penetrate 
between the surfaces, it is quite evident that its pressure 
cannot be less than the force with which the valve would 
press upon the seat if the steam were absent ; though it 
may be greater.”’ iv 

I hope “‘C. A. M.” will not think me hypercritical if I 
point out a very vulnerable point in the ‘‘ incontestable 
proof.’ If the fundamental proposition may be proved— 
I will not say incontestably for fear of accidents—to be 
untenabje, the superstructural limit of pressure must fall. 

It is “ quite evident”? that ‘“‘C. A.M.” had in his mind 
two mathematical planes, for nothing else will allow of his 
conclusions. But he overlooked the fact that no such 
planes exist out of the text-books. The surfaces with 
which the engineer has to deal, are composed of a suc- 
cession of ridges and hollows, and when two such surfaces 
are brought together, they form between them a series of 
cells bounded by points and ridges in absolute contact. 
All these cells may be filled with elastic fluid, and as the 
two surfaces cannot within the limits of abrasion be 
pressed closer together, the capacity of the cell, and there- 
fore the density of the contained fluid, cannot be varied 
by any force thus brought to bear. It follows that any 
cellular pressures may exist, ranging from the full exterior 
pressure to a perfect vacuum. 

The area of mutual surface may be divided into two 
parts, the cellular area, and the area of absolute contact. 
When the cells are filled with fluid, the true seat is made u 
of two portions, one fluid and elastic, the other solid an 
unyielding, probably metallic. The total reaction of the 
two is that which ““C. A. M.” gives. To find the net 
pressure per unit of mutual surface, and ultimately the re- 
sulting friction, it becomes necessary to set a value upon 
two unknown quantities, viz., the cellular area and the 
average cellular fluid pressure. The product of these 
subtracted from the total reactive force, will give the force 
with which the metallic ridges jare pressed together, and 
this divided by the area of mutual surface will show the 
net pressure per unit of surface. 

As just stated, the cellular area and pressure are two 
unknown quantities, but fortunately we have data by 
which the former may be approximately fixed for the best 
surfaces produced. 

Such surfaces would be those of, say, two well scraped 
surface plates, each of 100 square inches area, and of such 
a quality that when placed face to face horizontally, the 
one will just support the other by exclusion of the air 
from between. Work of a quality much superior to this is 
I believe unknown. The weight per square inch of such 
plates would not exceed .251b. Sup the atmospheric 
pressure (14.7 1b.) acting freely on all sides of the lower plate, 
the upward vertical pressure upon it will be 1470 1b., and the 
total downward pressure would be, including the weight of 
the plate, 1495 lb. But when the plates are approached air is 
excluded, due to area of absolute contact, to the extent of, 
say, 35 lb. or 101b. more than the weight of the plate (and 
few such plates would support 10 Ib. in addition to its own 
weight), leaving 1460 lb. net downward pressure, or 14.6 lb. 


per square inch ; OX S24 per cent. reduction of fluid 

7 
pressure from between the surfaces. Now supposing that 
full pressure, 14.7 lb., obtained throughout the cellular 
area, the area of absolute contact could only be 2.4 per 
cent. of the whole, leaving 97.6 per cent. of cellular area ; 
and this is what we look upon as good work. 

From this it will be seen that any reduction of fluid 
pressure between the surfaces will depend in an infinitesimal 
degree upon the quality. of the surfaces, but on the other 
hand very largely upon the average pressure existi 
within the cells, and this is the quantity which we shoul 
set ourselves to put a value upon under all conditions of 
surrounding pressure. 

Professor Rankine, on p. 122 of ‘ Prime Movers,” 








little affected by any excé&s of pressure in either A or B; 
_ force a little exceeding its own weight is sufficient to 
1b. 
Box, in his treatise on “‘ Heat,’? Art. 127, says: “‘ The 
seat of the (safety) valye should not be wide, but very 
narrow ; with a wide seat, there is considerable uncer- 
tainty in estimating the actual or effectual diameter, which 
is usually intermediate between the large and small dia- 
meters of the cone.” Both these writers recognise the 
presence of the cellular pressure, but avoid setting a value 
upon it, which could only be reliably done by means of 
direct experiment. 

Let “* C. A. M.” try to calculate the true area of a 
safety valve by this method, and he will find himself faced 
by the paradoxical difficulty of having to decide upon 
vee load before he can compute the pressure beneath the 
valve. 

T am, Sir, yours truly, 


ee oo . G. Masor. 
Wiggin-street, Birmingham, September 24, 1877. 








THE ABUSE OF THE STEAM JACKET. 
To THE EDITOR OF ENGINEERING. 

Srr,—Some of your readers will recollect that in my 
letter on this subject which appeared in this journal for 
August 3, 1877, the first of the three heads only was dis- 
posed of, wherein it was shown how the steam jacket may 
be abused by faulty designing. I now purpose by your 
permission, Mr. Editor, to deal with the second and third 
divisions by stating how the jacket may be abused by de- 
fective construction and inattention on the part of the 
engine-driver. 

It has been my lot to have had (in addition tothe design- 
ing, &c., of new engines) the superintendence of repairs to 
numerous portable and other engines for the last five or 
six years, during which time I have had a favourable oppor- 
tunity for noting the weak points in the construction of the 
engines of different makers, and it would be an easy matter 
to place on record the description of some very curious 
steam jackets that have during this time been discovered, 
but such a catalogue of makeshifts and mistakes would be 
totally out of place in your pages. 

I heard the following account of a troublesome steam- 
jacketted cylinder being doctored, from the lips of the 
facetious party who effected the cure, as he was pleased to 
call it; andas I entertain not a doubt respecting the 
accuracy of the story, it will serve as a case in point for my 
second letter. A new eight-horse portable engine made by 
a small firm, was sent out to a customer having a faulty 
place in one of the walls of the cylinder between the steam 
jacket and the slide valve chest, which had either not leaked 
during the trial, or it had not been detected ; but, unfor- 
tunately, very soon after the engine was put to work it 
began leaking so rapidly that it was impossible to stop the 
engine when required, as there was provided no means of 
shutting off the steam from the jacket ronnd the cylinder. 
Complaints were at once despatched to the makers, who 
sent out a fitter ‘“‘to look to the stop valve gear,’ and 
ascertain the cause of the annoyance, and put the engine 
to rights ; he soon found out that the stop valve gear was 
in order, and that the steam gained access to the valves 
above the stop valve through this faulty place in the cy- 
linder partition. After dropping the steam, taking off the 
steam-chest cover, and convincing himself that no patch 
could be put over the flaw, an idea of which he is ever 
proud at once su ted itself, and he took the cylinder off to 
put his happy thought into practice. Now the jacket of 
this cylinder was supplied with steam by means of a piece 
of lin. piping screwed through the arch plate of the boiler 
into the bottom of the jacket. By a little manceuvring he 
managed to take out this pipe from the inside without the 
engine-driver, who was helping him, noticing the act ; he 
then told this assistant that he had found out the cause of 
all the trouble, or to use his own words, “‘ I have found out 
a ‘mare’s nest,’’’ pointing to the hole through which the 
supply pipe had been screwed. ‘‘ This hole has no business 
to be here, and must be stopped up;’’ his ignorant and 
confiding assistant nodding assent. He screwed and 
rivetted a plug into it, remade the cylinder joint and the 
connexions, steamed the engine, pronounced her cured, then 
took his leave of the driver, who no doubt is just as satisfied 
with his engine with a ‘“‘ dummy” jacket round the cylinder 
as he was with a real one, seeing that he has always been 
totally unaware of the jacket’s existence, much less its use. 
So long as this jacket remains as an air space it would 
be of slight service, rather than otherwise, in checking the 
radiation of heat from the working steam within the 4 
linder ; but it is very probable that some of the steam find- 
ing its way through the flaw, from the valve chest into this 
jacket space, would be condensed ; in the course of time, 
therefore, the water resulting from this condensation 
would fill the jacket up to the level of the flaw, there being 
no means of escape at the bottom. It is needless to men- 
tion that the jacket in this state, viz., half filled with 
water, instead of being of slight service, would be a positive 
evil. Most of the jackets that are abused by incom- 
petency, laziness, or carelessness, are rende useless 
owing to the accumulation of water in them, the water 
jacket being by far the commonest type. 

Here is the record of another type of jacket. The out- 
side casing around one of the cylinders of a double portable 
engine, by another maker, was accidently — 
the erection of the engine, and as a patch could uot be pu 
on the outside, because the cylinders of this are not 
arranged for lagging (lagging being an admirable cloak for 
hiding such like ‘‘ bodges,”’ notwithstanding its utility), 
the following plan .was a in this dilemma: The 
jacket space was filled up and rammed with rust cement 
through the cores in the end, and the pipe for supplying 
the jacket of this cylinder was like the one in the last case, 
plugged up, to prevent the possibility of any steam 





writing of the equilibrium Cornish valve, says: “‘ If the 
upper and lower seats are of equal diameter, the valve is 





through the cement and out at the crack. — 
We have ‘heard of hot air jackets, smoke jackets, water 


jackets, and een but this is a novel one, viz., a 
cement jacket, a eshift truly of doubtful utility. 
We must now dispose of onr thi ; and w how 
the ry! jacket may be —_ by ee rege on the 
of the engin ver. large engines of one or 
‘0 types, the condensed steam from the jackets ig ene- 
rally carried away by means of a pipe having a cock in it, 
laced within the reach and under the control of the engine- 
river, which is an unsatisfactory arrangement, because 
the chances are that the cock may not be opened at ‘all, or 
not nearly often enough, an ignorant driver thus having it 
in his power to transform an efficient jacket into an 
efficient condenser, the result causing an enormous waste. 
It is very essential that the supply and drain pipes for the 
ackets should be so arranged that it is quite unnecessary 
‘or the engineer to interfere with them, or as some one 
recently put it, “‘ quite independent of a lazy or careless en- 
ineer. 


It is equally important that the opening and closing of 
these pipes should not be left to the "discretion of the 
attendant, because of his love of meddling with, and experi- 
menting upon, every detail of the engine under his charge : 
for in these individuals, as in most other mechanics, where 
there is a minimum supply of knowledge, there is gene- 
rally to be found a — pr Fey“ of conceit, and no 
sooner is an engine p under their o' than the: 
find out a number of imaginary defects Tol dette en 
improvement ; this tampering with the engines very often 
ending in disaster. I remember to have read somewhere 
of an amusing instance illlustrating this trait in their cha- 
racter. The captain of a steamer requested the engineer 
of another to come on board, as they could not start their 
engines, and when he entered the engine room, in the faces 
of all was a look of half bewilderment. 1eversi 
wheel was turned soresns to no purpose, during which 
the captain asked his engineer if the improvement had 
anyt to do with it; the improvement alluded to turned 
out to something done to the slides, but no one could 
tell what ; = that the engineer had got some undefined 
notion, from the engineer of another steamer, that the 
a way to save his coals was to “‘ togie her sma’ steam ;” 
at ength it was proposed to lift the cover, which greatly 
offended the dignity of the engineer, and much inst 
his will the steam was blown off and the covers lifted, 
when the reason of the engines not starting was at once 
apparent—# in. of wrought iron had been clumsily pinned 
on to the ends of each slide valve. 

These economical pieces were taken off, and the steamer 
proceeded the following day. 

The next sentences are quoted from a letter signed 
“A. M.”’ in your journal for the 10th of April, 1874. ‘I 
heard of an instance the other day of an engineer when 
asked as to his steam jackets, he coolly answered that they 
were shut off to keep the engine-room cooler; and of 
another, when the maker of the engines visited the engine- 
room, he found the jacket space filled with water doing the 
duty of a condenser.” 
In conclusion, I have attempted to show that a large 
proportion of the jackets in use now are steam jackets only 
in name, owing to the accumulation of water or air, or 
both, in them, arising from the careless manner in which 
they have made, or laziness on the part of the 
attendant, causing a reckless and enormous waste of steam 
power, for it is needless to add that steam jackets abused 
in the manner I have indicated, are worse than none at 
all, whereas, wherever they have been properly applied and 
accurately tested, they have proved cana oma pe a ee 
tageous. e@ necessary uirements for obtaining 
beneficial results will be set forth in our next, by your per- 
mission, Mr. Editor. Thanking you for inserting this, 


Iam yours an 
.M.F. RB. 
September 17, 1877. 


AUTOMATIC EXPANSION GEAR, 
To THE Epiror oF ENGINEERING. 
S1r,—Since i r. ’s letter I have 
ine fitted with a link gear very similar to 





8 an 
that described by your correspondent. In this case the 
link was very long in comparison to the travel of the valve, 


le of vibration was small. The cut- 
off valve was a p’ plate working upon the back of a fixed 
plate in the valve-box ; not a good arrangement by the way. 
At a certain point in the valve stroke, the link block ie 
a jerk of 4 in. upwards, and when the engine was slackened 
this jerk settled down into a regular travel to the same 
distance, the motioti always ceasing upon the arrival of the 
link at a certain angle. 

I very carefully set out the gear in this position, 7.¢., at 
the point where the motion of the block ceased, and found 
that a normal to the curve of the link drawn through the 
centre of the pin in the block, made with the centre line of 
the eccentric rod an angle of 7 deg. and when this angle 
was increased the block began to slide. 

‘The leakage difficulty with the dash-pot may be overcome 


and, therefore, the 


by means of a very simple oil cup, so as to permit 
the simultaneous escape he air by one passage, and the 
entry of oil by another, this cup to opened to thé dash- 


immediately the engine stops, and closed before start- 
ing—no more trouble than an ordinary water cock. 
Iam, Sir, yours truly, 
. G. Masor. 
Wiggin-street, Birmingham, September 25, 1877. 


New Sours WetsxH Coau.—T he output of coal from the 
Newcastle district in New South Wales for the month end- 
ing June 22 was 94,867 tons. Of this 22,845 tons 
were shi; to Sydney, 31,028 tons to Victoria, 9313 tons 
to South Australia, 11,359 tons to New Zealand, 1804 tons 
to Tasmania, 497 tons to Queensland, 4828 tons to China, 
5629 tons to the East, and 3058 tons to San Francisco. In 








addition to these shipments, 2330 tons were taken by 
steamers, and 4069 tons were used for home consumption. 
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MACHINERY FOR MAKING SLAG BRICKS AT THE CLEVELAND SLAG WORKS. 
CONSTRUCTED FROM THE DESIGNS OF MR. CHARLES WOOD, ENGINEER, MIDDLESBROUGH-ON-TEES. 











(For Description, see opposite Page.) 
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shaft, resting on bearings between two strong A frames, is 
put in motion by erfal double poset spur 

APPARATUS FOR MAKING SLAG WOOL. mann, Re spon gene! raga hme 5 a = 
































THE UTILISATION OF SLAG. 
On the Progress of the Slag Industries during the Last 
Four Years.* 
By Mr. CHARLES Woop, Tees Iron Works, Middlesbrough. 
Ir is now four years since I had the honour to read before 
you a short paper upon the “‘ Utilisation of Blast Furnace 
8 ” 


Tam not aware that at that time (with the exception of 
the use of slag for road metal), there was a single instance 
in this country of slag being successfully manufactured into 
a commercial commodity, although, as I have mentioned in 
a paper read before another society, nearly 60 different 
systems had been patented or tried, resulting only in pe 
cases in disappointment, after enormous expenditure of bot 
time and money. 

At the present moment, I can point out nearly a dozen 
different classes of goods into which slag is being manufac- 
tured, wilst the different uses to which some of these pro- 
ducts are being applied are very various, and are daily on 
the increase. I have at the end of this paper appended a 
small list showing a few of the forms into which blast fur- 
nace slag is being made, and to what purposes it is being 
applied. 

In my former paper I showed you how the slag properly 
prepared might be employed, but I had nothing to confirm 
what I there stated. I will now try to prove that all I then 
suggested has been fully realised, andI will show that the 
manufacture of slag into mortar, cement, building bricks, 
and a superior concrete (which will set perfectly in water) 
is now being carried on at Middlesbrough, and, even in 
these bad times, at a reasonable profit. 

In the first place, I may mention that, at the Tees Iron 
Works, there are three slag sand machines and two slag 
shingle machines working, and these machines have pro- 
duced not far short of 100,000 tons, all of which has been 
utilised in a profitable manner. 

In order thoroughly to test the value of slag made by my 
two machines for the various purposes just mentioned, it 
was thought advisable to form a company that should take 
up the manufacture as a specialty, and who could devote 
the time and attention so necessary to a young and untried 
industry. This company has now been in operation about 
two years and a half, and like most new concerns, when 
attempting the manufacture of a fresh material, it has had 
to pass through a severe ordeal. The difficulties met with 

ve been numerous. The failure of one machine after 
another, the loss of time, patience, and money, would have 
ruined many private individuals, but t to Messrs. 
Gilkes, Wilson, Pease, and Co., and to a few friends in the 
Slag Company, I have been enabled [to pass through the 
ordeal, and Iam thankful to say that neither their con- 
fidence, money, nor time is likely to be lost; but that there 
18 every probability that, with a output and a 
revival of trade, their capital will receive a fair dividend. 

The Cleveland Slag Company’s Works are situated near 
the docks at Middlesbrough, and are now paying between 

l. and 701. per week in wages. The most important part 
of their manufacture is slag bricks for building purposes, 
made from the slag ant, pootunn’ by the slag ool: machine 
at the blast furnaces. is sand is mixed with selenitic 
lime (General Scott’s- patent), with an addition of iron 
oxide, and is pressed in a machine hereafter to be described. 


es Paper read before the Iron and Steel Institute at 





N 





The next article of importance manufactured at these 
works is a kind of hydraulic cement, made from the s 
sand, common lime, and iron oxides. Compared wit 
Portland cement for hydraulic work or concrete, this is the 
most valuable product introduced for many years, whilst its 
price is not one fourth, and the strength little inferior. 

Concrete made from this cement, mixed with the shingle 
produced from the rotary table, is an excellent conglomerate 
for use in monolithic structures. With this material I have 
executed some very heavy blast engine foundations—in one 
ease where brickwork set in cement had previously failed. 
The concrete is now standing in the most perfect manner. 
The cost of the concrete is only about one-fourth that 
of the brickwork, and experience has shown that it 
goes on hardening for months. The building of the 
Slag Company’s works is executed entirely in this 
material—the walls being nearly 80 ft. high —they 
were built entirely by labourers, without a single 
bricklayer, and the cost of the work when finished, 
including superintendence, did not exceed six shillings per 
cubic yard. To give an idea of the strength of the walls, I 
may mention that on one or two occasions we have had to 
cut doorways through them, and it has taken two good men 
with steel he and sledge hammers as much as four days 
to cut through a thickness of about 26 in. 

Mortar is also made and sold in large quantities from a 
mixture of slag sand, and about 10 per cent. of common 
slaked lime, and it can be sold at the cheap rate of about 


4s. per ton. 

‘The introduction of these various products from slag at 
first met with a good deal of opposition and prejudice from 
architects and builders, but the remarkable strength 
and cheapness of the material soon compelled these gentle- 
men to admit their error, and I am happy to say that 
our demand in some instances is now more than the pro- 
duction. 

As before stated, the most oy my branch of the 
business carried on by the Clevela: Slag Company is the 
manufacture of building bricks, and although the process 
is now very simple, it has been here that the greatest 
difficulties have occurred. There was no machine made in 
England that could work the material in the state in which 
it is produced at the furnaces—without previous prepara- 
tion—and to prepare the material to suitthe brick press, 
meant, that the cost of the bricks became so high as to 
exclude them from the market. A press had, therefore, to 
be designed that would work the slag sand just as it comes 
from the slag sand machines, directly into bricks ; and this 
being accomplished, success was assured. 

In designing this machine, the following points had to be 
kept in view, viz., great depth of moulds, use the slag 
sand is very spongy and compressible ; an ement by 
which the water could escape from the moul 
blowing the bricks to pieces; great pressure, in order to 
consolidate the sand in the moulds; safety aga over 
pressure, in case too much or too hard a material should 
get into the moulds ; and great care in m the lime with 
the slag sand in fixed proportions; as as great re- 
gularity in filling the moulds. : 

These requirements are fully met by the brick press 
which I s now describe, and which is in ay cplaien, 
one of the safest, and most ul mec! 
ever made. She geeeue is seg Days = Be cams 
(see engravings on the opposite page) which are fixed 
upon a forged steel shatt 74 in. in diameter. This 


without | to ada) 





ressure cams marked B on the diagram, act 
fixed upon two steel cyli 


] cylinders or rams X. These rams 
transmit the pressure 
The table is ci 


to the moulds in the table marked C. 
i and contains six pairs of moulds, so 
that four bricks are pressed at one time, the table 


statio during the tion. At the same 
Sse ics ce Tang rene, Peter pas ofr 
are bei illed up with material—whilst the other two 
pairs are delivering up the four bricks pressed at the previous 


revolution of the cam shaft. The bricks are pushed out of 
the mould by smaller pistons marked D boone upon by the 
se te cams marked E. 

The moulds are lined with c ble steel plates ; in. 
thick, and the sand and lime is fed into them by two pug 
m: These pug mills are fitted with six knives each, so 


as the more thoroughly to mix and chop the s 
along with the lime. The table is shifted by a fing 
motion, also worked by a cam on the outside of 


of ratchet 
F, and acting upon the weigh bar 


the framework marked 
and levers F!. 

Immediately above the pressure cylinders are two pressure 
stops G, which are held down by the heavy-weighted levers 
H. These levers H, therefore, receive whole pressure. 
put upon the bricks, and in case there should be too much 
sand getting into the moulds they simply lift up and relieve 
the strain. The weights I can be weighed at option, and 
thus form an exact gauge of the pressure upon the bricks. 
The moulds are y filled so as just to lift the levers 
in ordinary work. The filling is easi by the 
set of the knives on the pug shafts, which press the material 
into the moulds C, and one side of the pug mill cylinder is 
made to open so that the knives are accessible at any 
moment. 

‘The pug mills are filled by means of the measuring and 
oe apparatus placed on the floor immediately above the 

rick press. 

The mixing and measuring apparatus is very simple and 
efficient and works sukeebon Peau. The # pe is 
tipped into a hopper by ws, which are lifted up 
by hoist. Atthe bottom of this hopper there isa revolving 
cylinder K with ribs cast upon it, which, revolving under 
the hopper, carries a certain thickness of sand, the thick- 
ness having been previously regulated to the requirements 
of the press. 

The slag then falls upon a sieve L, which separates any 
large pieces of slag in a solid state, and at the same time 
allows the falling sand through the sieve to fall like a 
shower. The lime is fed into a te hopper, and is 
regulated very much like the feed of corn into millstones. 
The lime then down a shoot, which forms part of 
the slag sand sieve, where it meets the shower of sand— 
falling together with it—thus getting thoroughly mixed. 
As before stated, this lime is selenitic lime, and is pre- 
pared upon the works. 

The bricks, when ae from - heiets me, are waeel 
upon spring barrows, holding fifty each. ey are then 
taken and stacked in sheds, where are allowed to re- 
main about five or six days, after which they are simply 
stacked outside in the weather to harden. The percentage 
of loss is very little, not amounting to two or three per 
cent. In fact, when once the bricks are upon the barrows 
there is little or no waste. 

Each machine is capable of turning out about 10,000 
bricks per day, and, since starting, we have sold about 
4,000,000. Large quantities are shipped to London at a 
cost of 17s. to 1 per 1000 for freight; in other words, 
about mb aoe. : : sand has —_ pet for this 
purpose alone. e following are a few of the advantages 
of these concrete slag sand bricks, viz.: Being pressed 
they are perfectly uniform in size and thickness; they are 
much cheaper than ery. red bricks, compared in weight 
with which, they will weigh one ton per thousand less, and 
there is this further advantage that there are no wasters 
or halves. For inside work there is a t saving both 
in bricklaying and mortar, more especislly when _plaster- 
ing; the walls being of a uniform thickness ; and the brick, 
layers like them, because they can do more work with 
less labour, the bricklayer’s 1a’ i has a ton 
per thousand less to ont as well as considerable less 
mortar ; another ag ipa gt y of the slag bricks is 
that the joiners can drive nails directly into them without 
splitting, und thus for skirting and doorwork they are saved 
much trouble in plugging the walls ; and finally, the longer 
the bricks are kept the harder get. 

I can now confidently say that for many months past we 
have been steadily working away at the various pruducts men- 
tioned in this paper, and that with the exception of a little 
outlay for the purpose of increasing our output, we have 
laid out no money upon oy ages or works. 

The task, however, has a severe one. When I de- 
signed the mill, I brought to my assistance some of the ~ 
most experience Ss in land—men accustomed 
to machinery for manipulating hard and gritty substances ; 
and yet there is scarcely a piece of mac on the works 
with the exception of the engine and shafting that has 
not either been abandoned, redesigned, or rebuilt, in order 
the machines to this peculiar material, the ex- 
traordinary cutting nature of which seemed to destroy 
everything with which it came into contact. In proof of 
this. I may mention two facts, viz., that in six hours’ 
working, fields and furrows, in a pair of French burr 
millstones, intended for Portland cement grinding, were 
completely obliterated, whilst the hardest steel bars in a 
Carr’s desintegrator were cut completely through after six 
or eight days’ constant running. a 

The position of an engineer and an inventor under these 
cir t tanding as he does between failing ma- 
chi and the angry directors of # limited company, in 
times like these—is one which has only to be experienced 
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to be th hi. iated ; but thanks to Messrs. 
Gilkes, Wilson. Pease ye and to one or two prac- 
tical men among the directors, I have been enabled 
through their aid and confidence to carry the thing to a 


successful issue. 

In addition to the works and made by — at 
the Tees Iron Works and the Slag Working 
Company’s Works, I must not f the labour and suc- 
cess obtained by my friend Mr. a engineer 
at the Moss Bay Iron Works, Cumberland. Mr. Hobson 
has taken a path different, so far as I know, to any of his 
predecessors, inasmuch as in making bricks he first of 
pulverises the solid slag and uses no lime whatever. By 
this system the is taken from the solid slag balls, 
made from hematite mer iron and broken into pieces 
sufficiently small to pass under very massive edge runners, 
where it is ground or crushed by the sheer weight of the 
ranners into small dusty shingle. It is then passed by 
nen og into French burr millstones and ground into 

owder. 

. From the stones it passes directly into the brick press 

without any admixture of lime or any other aid except 

that of being well damped with water before pressing. 

This brick press has also a rotary table, and the material 

is fed into the moulds recessed therein by hand. The pres- 

sure given from above by a self-acting cam, put in action 
by the continuous rotary motion of the table, the bricks 
come out well pressed and are of excellent shape, and there 
appears to be no doubt about the quality. At the same 
time, they have a great many wasters. The bricks are 
very heavy and the cost of grinding the slag entails a heavy 
aul expensive plant, with, I fear, a large amount of wear 
and tear. The large amount of lime in the slag made 
while producing Bessemer iron seems to be sufficient when 
trea’ in this way to reunite the pulverised slag and to 

** set’’ in a most remarkable manner. I can only account 
for this setting property by supposing that the slag, when 
pulverised in the dry state in which it comes from the far- 

nace, takes ap a large amount of water, and forms a hy- 

drated compound of silicate of lime and alumina, and thus 
reunites the mass in the same way as Portland or Roman 
cement.* On the other hand, this excess of lime is often 
very dangerous, as the slag, after exposure to the air or an 
excess of moisture, often swells and falls into powder, and 
bricks made from itare liable to fall to pieces. This, how- 
ever, is not the case with Cleveland slag, nor, I think, with 

a except with that made from hematite ore with an excess 

of lime. 

The next process in successful operation is that known 
as Woodward’s, and although a revival of a very old 
method, I must certainly give that gentleman, and these 
who have worked the thing out at the furnaces, a great 
deal of credit for their perseverance and for the success at 
which they have arrived. I must, also, in all honesty to 
them, say that most of their manufactured articles are of 
a very serviceable nature. They are, however, only em- 
ploye for footpaths, roads, &c., being totally unfit for 
uilding purposes. As at present worked, the process is 
not at all complicated, but only certain qualities of slag are 
suitable, and at times when the furnaces are “‘ changing” 
the number of wasters is enormous, while the works have 
sometimes to be stopped for days. The slag is run direct 
from the furnaces into moulds ranged around the outside 
of a large rotary table. The machine or table remains 
stationary whilst each separate mould is being filled, the 
table is moved by hand, thus constantl —— empty 
moulds to the stream of molten slag. is soon as the s 
becomes set in the moulds a catch is knocked away and the 
bottom of the mould — down upon a hinge and the 
brick or block falls out. It is then taken into annealing 
ovens where the tem ture is raised to nearly a white 
heat, after which it is allowed to cool. The high price 
obtained in the market for these enables the company 
to meet their expenses, but, I believe, up to the present time 
they have not done more than this. The they pro- 
duce are very hard, uniform in size, and look well when 
laid ; but they are liable to crack, particularly in winter, 

and as before mentioned there are many objections to their 
ever being employed as my A a 

At the Leeds meeting of this Institute last year, Mr. 
Bashley Britten introduced to your notice his novel system 
of making glass from blast furnace slag. Mr. Britten, it 
will be remembered, proposed to take the molten slag in a 
ladle from the blast furnace and to pour it into a Siemens 
furnace, where certain additions of carbonate of soda and 
silica are added according to the quality of the slag used 
and the glass to be produced. 

I am very glad to learn from Mr. Britten that the ex- 
tensive experiments which have been carried on during the 
year have proved perfectly successful, and that under the 
title of ‘‘ Britten’s Patent Glass Company,’’ for which Mr. 
Herbert Canning is the secretary, large works are being 
built at Finedon, in Northamptonshire, where in a few 
months they will be to manufacture large quantities 
of glass bottles. The bottles on the tables are made entirely 
bo —, : 

. have now only one more product from to mention. 
It is that of slag wool, or, as itis sometinss lied silicate 
cotton, from its great resemblance to cotton wool. The 
manufacture of slag wool has often been attempted in 
England, but I believe only with partial success. have, 
however, learned from Mr. Edward Williams that many 
years ago Mr. Edward Parry made a large quantity of it 
im Wales, although: that in co uence of the injurious 
effect upon the men it had to be a med. The manu- 
facture is now carried on at the Tees Iron Works, and I 
can safely assert, without the slightest inconvenience, 
either to the men in the yard, or even to the man who 
makes it. 

*TI have given an analysis of 
Bessemer and Cleveland slag at the 

nce, 





an average sample of 
end of my paper for re- 


all | heavier into the body of the chamber. 





The process is extremely simple—a jet of steam is made 
to strike upon the stream of molten slag as it falls from the 
usual runner into bogies or ms. This jet 
scatters the molten slag into shot, and as each shot leaves 
the stream it carries a fine thread or tail with it, the shot 
being heavy drops into the ground, whilst the fine woolly 
fibre is sucked into a large tube and disc into a 
chamber. This chamber is very large, and is covered with 
fine wire netting or sieve wire. The steam and air carry 
the woolly particles all over the chamber—the finest into 
recesses shown in the diagram (see previous page) ; the 
After each blow- 
ing it is selected and taken up with forks and put into 
large casks or bags for shipment or otherwise. The inside 
of the chamber represents a most remarkable and curious 
8 after each blowing. The wool, as will be seen by 
the samples on the table, is of a snowy-white appearance, 
and this, hanging all about the inside of the chamber, re- 
minds one of the old and familiar words: 

Great flakes of snow, 

Like fleecy wool. 
Slag wool, or silicate cotton, is chiefly employed to cover 
steam boilers, pipes, &c. Messrs. Jones, Dade, and Co., 
of London, are ewes agents for its sale, and they have 
taken out one or two patents for its application. The most 
noteworthy of these is what they term mattresses, some of 
which they have kindly forwarded for inspection. These 
are about 2 ft. to 3ft. long, and 1 ft. wide, by 2}in. thick. 
The mattresses are laid upon the boiler or pipes to be 
covered, and are secured in the usual way. Its perfect 
incombustibility, combined with its non-conducting and 
indestructible properties, give this material many advantages 
over any other for this class of work. 

In conclusion, I would add that I understand that many 
members will visit Middlesbrough during the meeting, and 
that I shall be most happy to show any of the machines or 

rocesses mentioned in this paper, coving only those of 

r. Woodward, Mr. Hobson, and Mr. Bashley Britten’s, 
all the rest being under my charge, either at the Tees Iron 
Works, or the Cleveland Slag Works, close by. 


Table showing the various Forms into which Blast 
Furnace Slag is being made, and to what Purpose it is 
being Applied. 

Slag Sand.—This is employed for making concrete, 
building bricks, mortar, and cement ; for agricultural pur- 
poses and ae. 

Slag Shingle is being used largely for concrete, and for 
roads and footpaths. 

Slag Wool.—For covering steam boiler, steam pipes, hot- 
water pipes, fire-proof rooms, ice houses, cisterns, gas and 
water pipes, as a protection against fire, as well as for 
filtering chemicals. 


Paving Blocks.—Employed for streets and footpaths, | Wednesda: 


stables, coach-house yards, crossings, breweries, and for 
kerbstones and channelling. 

Building Bricks.—Made by pulverising the solid slag and 
then pressing the bricks in a press. 

Glass by Mr. Bashley Britten’s en process into roofing 
glass, bottles, glasses, and many other articles too 
numerous to mention, for which a pure glass is not abso- 
lutely essential. 

Analysis of Blast Furnace Slag. 
Cleveland. Bessemer. 
Per cent. Per cent. 
Silica 36.50 35. 
Alumina... , 15.00 
Lime \ 


esia jae 
Protoxide of iron 

2” manganese 
Potash ee ibs 
Soda oda 
Sulphur ... al 
Phosphoric acid 


Less oxygen of sulphur 101.04 
Combined with lime ... 0.87 


Total 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

The Water Supply of Worsboro’ and District.—In‘ the 
early part of the mt year, Major Tulloch, R.E., held 
an inquiry on be of the Local Government as to the 
water supply of this township, and the scheme received the 
consent of the-Board. A loan was immediately applied for 
and the work put in hand. So much pro; i been 
made, that within the past few days most of the houses 
have had their communication pipes aid in. The contract 
has been carried out by W. Skelton, Sheffield, the pipes 
oe been manufactured by the Staveley Coal and Iron 

ompany. 


A Colliery Flooded.—At the Laund Colliery, near Belper, 
gone have been coeues by a influx of water. 
The pit, which has only been worked for two or three years, 
is liable to flooding, as the seam of coal is broken in places 
by barriers of stone, the faults therefore causing the coal 
to be at different levels. These stone-crops are generally 
left intact, but by some means one was cut into, and the 
result was the flooding reported. 

The Stephenson Memorial Hall at eieeet ee 
foundation ‘stone of the Stephenson Memorial Hall (which 
will be utilised as the head-quarters of the Ch id and 
Derbyshire Institute of Engineers when completed) will be 
laid on October 17th by the Marquis of ro whose 
brother, Lord Edward Cavendish, is President of the 
occasion. The building will cost about 13, will be 
from the desi of Messrs. Smith and Woodhouse, of 
Manchester. It will be Gothic in style and have a large 
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ceremony on the 
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hall, besides a free library, lecturerooms, &e. It is scarce 
necessary to state that the hall is in memory of ‘the pen 
George Stephenson, whose remains lie in the yard of 
Chesterfield parish church. ;, 


The Barnsley Water Works Extension Scheme.—At this 
week’s meeting of the Barnsley Town Council a requisition 
signed by 14 members was presented to the mayor asking 
that the question of the water works extension should be 
reconsidered, as at the last meeting only eight members 
opposed it. The ry therefore moved that the council 
apply to Parliament for power to carry out the extension, 
and this motion was carried by a great majority. The ex- 
tensions proposed are of considerable extent and impor. 
tance. ‘ 


The Worksop Sewage Question.—As has already been 
mentioned in these notes a dispute between the Worksop 
Local Board and Mr. Foljambe, M.P., as to the disposal of 
sewage had arisen, but has now been settled. Mr. Foljambe 
agrees to allow the sewage to be pumped on to certain of 
his lands free of cost to himself and the Board, and to in. 
demnify the latter against any indictment for nuisance. 
He will then himself dispose of the sewage. Each side had 
incurred about 3001. costs in the dispute, and the Local 
Board have now agreed to pay the wile of the expenses. 


NOTES FROM THE SOUTH-WEST. 
Bull Point.—Tenders are invited by the Elder Brethren 
of the Trinity House for the erection of a lighthouse on 
Bull Point. 


Ashton Vale Iron Company (Limited).—The report of 
the directors of this company for the half-year ending 
June 30, this year, states that the company’s operations 
during that period resulted in a loss of 4471. 


Tredegar.—The puddling mills have been idle for some 
little time, and judging from the immense stocks of pig and 
puddle bar on hand, it will be some time before the supply is 
exhausted, unless, indeed, some good orders are received. 
There is little doing in the rail mills at present, and the 
colliers are on half time. 


Swansea Tramways.—An offer of 65001. for the engi- 
neering works of Mr. Bolton, St. Helen’s, Swansea, has 
been accepted by the liquidator of the estate, the purchase 
having been made by the firm who have taken up the 
Swansea tramways. The works are taken to as they 
stand, and they are to be used as a central engineerin; 
depét in connexion with the Swansea Improvements an 
Tramways Company. 


Cardiff Docks.—The puny. of making a better en- 
trance for vessels to the Cardiff Docks was discussed at the 
monthly meeting of the Cardiff Chamber of Commerce on 
y- Some large vessels now go to the Alexandra 
Dock, Newport, instead of coming to Cardiff. It was 
eventually resolved that the attention of Lord Bute’s 
trustees should be directed to the matter, and that they 
should be asked to receive a deputation on the question 
from the chamber. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was only 
a moderate attendance on ’Change at Middlesbrough, and 
the amount of business transacted was small. Prices were 
the same as those quoted last week, being based on No. 3 
Cleveland pig selling at 40s. 6d. per ton. It is somewhat 
encouraging to hear that makers’ stocks are not increasin: 
heavily, and that the difference between the demand an 
the supply is not so great as it was a short time ago. There 
is some disposition on the part of merchants to speculate, as 
they evidently believe that pig iron cannot be made at a 
less price than that’'at which it is now selling, and must 
soon be worth more money. The fact that Messrs. Connal 
and Co., the great warrant storekeepers, have now got 
the Middlesbrough stores recently acquired by them into 
working order, facilitates the dealing in iron. There is 
no difficulty in negotiating the warrants of iron put into 
this store, and this gives confidence to merchants and other 
buyers of pig. During the past month the exports of pig 
iron have been heavier than usual. a are likely 
to be brisk until the end of the season. In West Cumber- 
land there is considerable activity in the hematite districts. 


The Finished Iron Trade.—It is to be regretted that so 
much valuable plant, as may be seen in connexion with the 
finished iron trade of the North of England, should be lying 
in a useless condition for want of rail orders. It is hoped, 
however, that the busy time will come again. Most — 
believe that if the war were over there would soon be a de- 
mand for iron rails. The Government order for railway 
chairs on Indian account, to which we alluded a short time 
ago, was divided as follows : 10,000 tons to the Anderson 
foundry, Middlesbrough, 5000 tons to Messrs. Gilkes, 
Wilson, Pease, and Co., Middlesbrough, and 5000 tons to 
Sir W. G. Armstrong and Co., Elswick, Newcastle-on-Tyne. 
Pipe founders continue to do pretty well. Cat nails are not 
much inquired for just now. 

Engineering and Shipbwilding.—Both these branches of 
industry are fairly well cnplegel. 

The Coal and Coke Trades.—Fuel is not much in request, 
and the collieries and ovens are not so fully employed as 
could be desired. 


Enotise Locomotives in THE UntTep States—The 
“Robert Fulton,”’ the first English passenger engine 
run in the United States, was built by Messrs. 4. 
Stephenson and Co., for the Mohawk and Hudson Com- 

. The drawings which came with this engine were 
Hated July 4, 1881. In the winter of 1832-3 the engine was 
altered, and was re-named the “John Bull. 




















% 





Sepr. 28, 1877.] 








ENGINEERING. 





249 











AGENTS FOR “ ENGINEERING.” 

MANCHESTER: John Heywood, 143, Deansgate. 
Giaseow: William Love. 
EpinBuRGH: John Menzies and Co., 12, Hanover-street. 
France: Lemoine, 15, Quai Malaquais, Paris. 
BE.e1uM: P. Baily, 37, Rue des Fripiers, Brussels. 

Kirkland and Cope, Ostend. 
UNITED STATES: 

Miller and Smith, 62 and 64, Cedar-street, New York. 
Vienna: Lehmann and Wenzel, Karntnerstrasse. 

Gerold and Oo. 
Russia: At all Post-Offices in the Empire. 
Lerpezié: Alphons Darr. F 
BERLIN: Messrs. A. Asher and Co., 5, Unter den Linden. 
CaLouTTa: G. C. Hay and Co. 








Advertisements cannet be received for insertion in the curren- 
week later than 5 P.M. on Thursday. The charge for advertise- 
ments is three shillings for the first four lines or under. and eightt 

nce foreach additional line. The line averages eight words. 

ayment must accompany all orders for single advertisements, 
otherwise their insertion cannot be guaranteed. Terms for 
displayed advertisements on the wrapper and on the inside pages 
may be obtained on application. 

The price of ENG{NEERING to annual subscribers in the 
United Kingdom receiving copies by post is 1/. 9s. 2d. per annum, 
this including two double numbers, If credit be taken, the 
charge is 2s, 6d. extra, the subscriptions being payable in 


advance. 
FOREIGN SUBSCRIPTIONS. 
The rates for subscriptions to ENGINEERING from abroad are: 

1J. 15s. 8d. For Australia (via Southampton), Austria, Belgium, 
Brazil, Canada, China (via Southampton), Denmark, 
Egypt (via Brindisi), France,Germany, Greece, India 
(via Southampton), Italy, Netherlands, Natal, New 
Zealand(via Southampton), Norway, Portugal, Russia, 
Spain, Sweden, Switzerland, and United States of 


America, 
21. 4s. 4d. For Australia, (via Brindisi), China (via Brindisi), 
India (via Brindisi), and New Zealand (via Brindisi). 
All accounts are payable to the publisher, Mr. OHARLES GIL- 
BERT, 37, Bedford-street, Cheques crossed “Union ” 
Charing Cross Branch. Post Office Orders to be made payable 
at 407, Strand, W.O. 
Office for Publication and Advertisements, No, 87, Bedford- 
street, Strand, W.O. 


ENGINEERING is registered for transmission abroad. 








NOTICE TO AMERICAN SUBSORIBEBS, 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 62 and 64, Cedar-street, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable tothem. Messrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINSER(NG, and will afford full information as to terms, &., 
on application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10.50 dols. U.S. currency, 
payable in advance. 


ENGINEERING. 


FRIDAY, SEPTEMBER 28, 1877. 








THE TRADES CONGRESS AND THE 
PATENT LAWS. 

TueE following resolution is reported to have 
been passed by the Trades Congress, at Leicester, 
on the 20th inst.: ‘*‘ That this congress regrets the 
delay in placing the Patent Laws upon a more 
equitable and satisfactory footing, and desires the 
Parliamentary Committee to continue their efforts to 
secure to the inventor, by a reasonable payment, 
the benefits of his own invention.” One speaker 
said he could understand a proposal to: abolish 
petents, or a proposal to issue them, gratuitously, 

ut the resolution was not satisfactory, He pro- 
posed the omission of the question from the 
future programme of the congress. This was 
seconded, but, on a division, the original resolution 
was carried, only two (the mover and seconder of the 
amendment) voting against it. We incline to wish 
that the amendment had been carried ; not that the 
Patent Laws as they stand are free from objection, 
but because, judging from what has taken place 
within the last few years, we think it more than 
doubtful whether any Bill likely to be passed 
would have the effect of placing the Patent Laws 
upon a more equitable and satisfactory footing, 
or of in any way reducing the cost of obtaining a 
patent, which seems to be the chief object aimed 
at in the resolution before us. There are many 
different opinions as to what would constitute 
improvement in patent law and practice, and 
what would not. Perhaps we may add, without 
offence, that many of the opinions are of little or no 
value, owing to the circumstance that those who 
give them are entirely wanting in that practical ac- 
quaintance with the subject so essential to its 
proper treatment. It is considered by many that the 
present stamp duties and fees on patents are ex- 
cessive. By others, they are deemed satisfactory. 
From what is termed the working man’s point of 
view, the fees are excessive, and, indeed, prohibitory. 
This is no doubt a point that deserves consideration, 
not alone in the interest of the so-called working 
man, but for the general We are notjin 
favour of the United States plan of granting a 








patent for a long term in consideration of a small 
sum payable in advance. We believe that is a course 
which would lend plausibility to the: objection of 
those who coutindl that a lowering of the fees 
would result in such a multiplication of useless 
patents as might interfere with trade and progress ; 
not that the contention is sound, for, in fact, a 
patent, to be in the way, must contain something 
valuable, otherwise no one would desire to use the 
invention, and the patent would not be in the way. 
If .a patent is bringing in money, it is giving rise 
to trade, and is therefore beneficial, Such a 
patent, though subject to periodical taxation, could 
be kept up, even if originally taken out by a man 
of limited means, If it did not pay, it would pro- 
bably be doing no good, and would be allowed to 
drop. Assuming the want of success to arise from 
inutility of the invention, the’ lapse of the patent 
would be desirable, for the reason already mentioned; 
on the other hand, it cannot safely be taken for 
granted, either that those patents allowed to drop 
would be all for useless things, or that the patents 
kept up would necessarily be for useful inventions. 
No doubt many persons endowed with more money 
than brains would persist in keeping up patents for 
absurdities such as perpetual motion, whilst on the 
other hand, practical men of limited means, having 
views in advance of their age, might be compelled to 
relinquish patents for valuable improvements. We 
thus see that the question is not by any means an easy 
one to dispose of. But admitting—as we are bound to 
admit—that some patents are taken out which do 
not exhibit (although they may ultimately lead to) 
appreciable improvement, then there may be cases 
where such patents, if subjected to a periodical tax, 
would be allowed to drop, and where it would be 
convenient that they should drop. We will even go 
so far as to say that if the proprietor of a patent 
is taking absolutely no steps to get his invention 
introduced to the public, it may in some instances 
be advantageous that his patent should not remain 
in force. Let us not be misunderstood; we are not 
for a moment advocating the introduction in this 
country of that farce called compulsory working, 
because we have seen quite enongh of its operation in 
other countries, What we do wish to convey is, that, 
inasmuch as the object of grantinga patent is ultimate 
benefit to the public, and inasmuch as the mere pub- 
lication of a description does not produce that benefit, 
it may be taken as an implied of the bargain 
between the patentee and the public, that he should 
exert himself to a reasonable extent in bringing out 
his invention commercially. Should he fail to doso, 
the public gains little or nothing, but then, it must 
be recollected also, that the patentee will himself 
suffer in proportion. In cases of this kind, if the 
patent be subject to a periodical payment, the 
patentee will not unfrequently allow. it to drop ; 
thus some more energetic person may improve upon 
the invention, and. bring about a commercial and 
therefore beneficial result; which he might be 
hindered from doing were the unworked patent 
to rémain in,force, as it would do in the absence 
of its liability to a further tax. Hence it follows 
that a judicious system of subjecting patents to 
periodical taxation may constitute a clear and well- 
defined substitute for the uncertain, unsatisfactory, 
and generally futile provisions asto compulsory work- 
ing. But the tax ought not to be severe, A nominal 
amount will generally suffice to induce a patentee, 
even if he be well off, to drop.a patent he has no. 
intention of working. . On the other hand, a, heavy 
tax will not stand in the way of a well:to-do:patentee 
who desires to.act the dog in the manger. 1t would 


appear, then, that in so far as regards fees, the re- 


commendation of the Select Committee of 1872 was 
sound, ‘They said. ‘‘ that the duties payable on 
patents should be so adjusted as to encourage 
inyentors to the utmost to make known their in- 
ventions, and-that their primary application should 
be to the purposes of a complete and well-organised 
record of industrial progress, and to an improved 
establishment for the conduct of patent business,” 
But the Bills that have been introduced so far have 
eertainly notin any way complied with this recom- 
mendation. The last Bill was undoubtedly the best 
of all, But what proposals did it contain? Passing 
over, for a moment, the provisions as to preliminary 
procedure in obtaining a patent, to which, however, 
we will refer presently, the stamp duties the patentee 
was to pay during the first twelve years amounted 
to 262/, 10s., whereas the total amoiint at present 
levied is only 175/. Itis true the patentee was to 
have an additional seven years for the extra 87/. 10s, 


87/7. 10s. for seven years, it. follows .that .the direct 
stamp duty was to be at the same rate as at present, 
save as toa reduction of 12/. 10s, in, the. amount 
payable for the first term of three years. If we take 
into consideration the heavy additional expense to 
which the applicant would, in most cases, have been 
put in obtaining his patent, in view of the examina- 
tion system set forth, it becomes evident. that, in 
preparing the Bill, its framers utterly ignored the 
recommendation of the Select Committee. We 
desire to impress this fact upon those who are 
clamouring for alterations in the law, because, as.the 
Government from which that Bill emanated has.a 
large majority at its back-in Parliament, it is clearly 
better policy to rest content with things as they are. 
The speech of the Lord Chancellor on introduci 
his previous Bill into the House of Lords an 
the speech of the Attorney-General when bringi 
in the Bill of last session, point conclusively to mu 
greater restriction in the granting of patents as being 
the principal aim of the Government, The Attorney- 
General seemed to think the number of patents | 
granted should be reduced by more than one-half, 
At first sight, many of our readers, themselves . 
patentees, may be inclined to agree with the 
Attorney-General’s somewhat rash statement. But 
let us warn them that should it ever be their lot to 
be at the mercy of a law officer, their inventions, of 
which they as practical men may entertain very 
favourable opinions, would, in all probability, be 
ronounced old, frivolous, or no inventions at all. 
+ it be well understood that we are not making 
mere rash assertions, The Government idea is to 
have strict prelimi examinations, in which the 
law officers of the Crown should act judicially. Ac- 
cording to the plan proposed, the law officers would 
be called upon to actmore frequently than at present. 
Now we think some idea of the result may be formed, 
for it must be recollected that although no such 
elaborate machinery now exists for an ex- 
amination of applications for letters patent as was 
proposed to be established by the Bill of last session, 
et there is a preliminary examination of .a certain 
ind, under which not only the granting or refusal 
of a patent may be greatly, influenced by the whims 
of mere clerks haying not a grain of technical know- 
ledge ; but, moreover, the applicant for a patent is 
entirely at the mercy of the Jaw officer, Such at 
any rate is the practical, working of the law. . But, 
fortunately, it has been, generally the: practice , to 
give the applicant, even when opposed by others, 
the benefit of any doubt, since, from the law officer’s 
decision, the applicant has no appeal. ,'There seems, 
however, to be a growing tendency to reverse this 
order of things—a tendency that would be further 
increased were the law officers aided by examiners, 
who would assuredly have their.crotchets. -No doubt 
this is in accord with the spirit which has been at 
the root of the Patent Bills of the last three sessions, 
but it is one we deplore, since it threatens disastrous 
consequences to the progress and industrial supre- 
macy of this country. ‘Therefore. we desire to see 
all reasonable efforts made to check this line of 
action, rather than to encourage it by urging on, 
even indirectly, such measures as the recent attempt 
at Patent Law Reform. However sincerely some 
of our eminent jemmyers may echo the repressive 
theories of those who, from interested or other 
motives, desire to see patents abolished, or more 
sparingly granted, there can be no doubt that 
the opinion of the country is utterly opposed to 
anything of the sort, and the, opinion of the 
country is dictated by sound common sense. It 
is true there are inventions and inventions, just as 
there are lawyers and.lawyers. No doubt if only 
those inventions which should ultimately prove 
valuable were to receive protection, the number of 
patents granted would very considerably re- 
duced ; just as would be the number of barristers, 
if only lawyers of real ability were eligible. 
But any exhaustive system of preliminary exami- 
nation, as applied to either, can but fail, The 
invention that looks best on paper is no more to be 
regarded as the most valuable in practice, than the 
man who best passes the examination is to be taken 
as the best lawyer. And when a candidate for the 
own is examined, the examination is not conducted 
by an inventor wholly ignorant of legal matters. 
But when a patent is applied for, the examination 
of the subject-matter is conducted by a lawyer 
wholly ignorant (practically) of the branch of in- 
dustry to which the invention pertains. How, then, 
even with the most elaborate machinery for arriving 
at the facts (which machinery, however, does not 





But as 175/,.for fourteen years.is at the rate of 


now exist and would take many yearstocreate), could 
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justice be done to all parties? The law officers of 
the Crown are able and just lawyers. But they 
are overworked, and they have not—indeed they 
cannot have—the technical knowledge essential to 
the formation—even with the best of evidence— 
of a sound judgment upon the relative practical 
merits of inventions sought to be patented. Indeed, 
no twenty men, let alone two, however specially 
trained, could bring the requisite knowledge to bear, 
though they devoted the whole of their time to the 
subject. This shows how absurd was the proposal 
that, after an application had been dealt with by ex- 
aminers su to possess special qualifications it 
should be dealt with also by the law officers. Those 
who have experience of the existing practice will be 
able to form some idea of the annoyance, delay, 
enormous expense, and disappointment inventors 
would be likely to encounter under any such ‘“re- 
formed” system. At present most applications for 
patents are granted, and the patents issue for what 
they are worth. This is as it should be. The law 
officers do not, as a rule, pretend to prejudge the 
merits of inventions, or alleged inventions, no doubt 
rightly considering that any attempt in that direction 
on their part would beas presumptuous as any attempt 
of one not a lawyer would be to lay down the law of 
the land in an intricate case of dispute. But, as 
most of our readers know, every application for a 
patent is advertised in the London Gazette and Com- 
missioners of Patents’ Journal, to the intent that any 
one interested in opposing the grant may for that 
purpose leave notice of his objections at the Patent 
Office within 21 days. And not unfrequently rival 
inventors and patentees avail themselves of this 
opportunity, sometimes properly, sometimes impro- 
perly. Notice of objection having been lodged, a 
time is appointed for the hearing of the matter in 
dispute, before the law officer. If the application 
bear an odd number, the case is heard by the 
Attorney-General, if an even number, by the 
Solicitor-General. ‘The evidence—such as it is—is 
taken by declaration. There are no fixed rules, nor 
is the practice reliable in any way. Either side 
may be at the last moment taken by surprise by the 
receipt of some important declaration—perhaps just 
before going to the hearing—which, by the way, 
takes place perhaps in a small room either in the 
Temple or in Lincoln’s Inn or at Westminster, 
—— on a Saturday after the ordinary business 
ours of that day, and when the law officer and 
counsel (when such are employed) are impatient to 
be off for the day. And under such conditions as 
these, with the most imperfect and often the most 
recklessly given evidence (not oral or capable of being 
checked) to go upon, the case is hurried through in a 
most unseemly manner. And the law officer decides, 
either at once, or it may be after a few days, the 
fate of the application. ‘The law officer's decision as 
against the applicant is final, but if he should 
allow the application, the opponent may, under some 
circumstances, ap to the Lord Chancellor. 
For the applicant there is no appeal whatever. The 
Bill of last session provided an appeal, but it would 
be useless to any other than a rich applicant. It 
is not an unknown thing for an applicant to pro- 
ceed (at great cost) before the law officer, and then 
to be stopped for want of means by an appeal to 
the Lord Chancellor. It will be evident that, as 
the law stands, he must be a bold man who, 
as a law officer, devoid of technical knowledge, 
takes upon himself to decide against an applicant. 
Yet such cases do happen. and result, as we be- 
lieve, in a considerable amount of unintentional 
injustice. If an appeal were open to the applicant, 
probably the law officers would much more 
frequently give adverse decisions, and the in- 
ventor would be deterred from appealing by the 
costs, As we have repeatedly urged, the merits 
of an invention cannot be justly determined by 
any short preliminary process even with the aid 
of experts. Matters are not ripe for decision at 
that »s , nor have we ever heard any good 
reason given for attempting anything of the sort. 
The granting of a patent is a step not calculated, 
save under very exceptional circumstances, seriously 
to injure any one. On the other hand, its refusal 
may do irreparable injury and injustice to the 
applicant. We know of such cases in actual prac- 
tice. If that be so now, what should we have 
to look forward to in the event of such a Bill 
as the Attorney-General’s becoming law? Our 
belief is that matters would be far worse, and we 
see no reason for the objectionable chenge, for it 
seems to us that an applicant for letters patent is at 
least entitled to the same benefit of any doubt as 





would be accorded to a criminal. This being so, 
although many people find fault with the present 
law, we prefer it to the proposals of some of those 
who complain about it. erefore our advice to 
those interested is, that they should rest satisfied 
with the law as it stands, seeing that agitation is at 
least as likely to result in alteration for the worse 
(except for lawyers) as for the better. At the same 
time, should another Bill be brought forward next 
session, let all concerned be well prepared to oppose 
its objectionable features. It is well worthy. of 
recollection that even the concession of an extension 
of term to twenty-one years and nominal reduction 
in stamp duties may be purchased at too dear a 
cost, Also, that however much agitation there may 
be for reform, it by no means follows that any new 
law will take the form advocated by the agitators. 


OUR TELEGRAPHS. 

Tue Report of the Postmaster-General, which 
has hitherto covered the period of one year only, 
in the present instance embraces a period of fifteen 
months, Previous reports have been rendered under 
the calendar year, but with the approval of the 
Treasury the present one is made to terminate with 
the financial year, and in future the period em- 
braced by the financial year will be that for which 
these reports will be issued. 

On the 12th of April, 1876, the department 
acquired by purchase the undertaking of the Orkney 
and Shetland Islands Telegraph Company. It is 
remarked ‘there is, of course, no cy oa of the 
transaction proving remunerative to the depart- 
ment. It will, however, no doubt, confer a great 
benefit upon the inhabitants of the islands.” No 
doubt this will be the case inasmuch as the ac- 
quirement of the cables and lines in question by 
the Government places those islands on a level, 
telegraphically, with other parts of the kingdom, 
the rate per twenty words being reduced to one 
shilling. ith a view to obviate, as far as possible, 
the serious interruption to which the lines were sub. 
jected on three separate occasions by heavy snow- 
storms, and to prevent the recurrence of accidents 
which have happened in consequence of the fall of 
wires in crowded thoroughfares, a considerable 
mileage of overground lines have been replaced by 
underground wires. At the time of the acquisition 
by the State of the telegraphs the total length of 
underground wire was 1928 miles. On the 31st of 
March last it was 8014 miles, 

With regard to the proposed reduction of the 
engineering staff, the Postmaster-General remarks: 
‘“‘ Having satisfied myself that it was no longer 
necessary to maintain the engineering staff of the 
telegraph service at the strength which was required 
for some time after the transfer of the telegraphs to 
the State, I had taken the question of reduction into 
consideration, and a scheme for that purpose was 
nearly matured, when a Committee of the House of 
Commons was appointed to inquire into the organi- 
sation and financial system of the rm gy 
Department. My proposals thus obtained the 
advantage of Parliamentary criticism, and are now 
being carried out.” 

A rigid examination into the establishments at 
all offices has also been made, and considerable re- 
ductions have been effected. The training of military 
telegraphists is to be extended, the area of country 
to be supervised by officers of the Royal Engineers 
has, with this object, been enlarged, and 160 Royal 
Engineers are to be employed within a district com- 
prising the whole of the south of England from the 
mouth of the Thames to the Land’s End. 

The continued depression of trade has led to a 
large number of renters of private wires terminating 
their agreements with the department, and still 
other and new contracts, bringing in an additional 
rental of 707/., have been entered into. The net 
revenue derived from this branch for the financial 
year to the 3]st of March last, was 58,942/. 

The only arbitration between the department and 
the railway companies claiming vested rights in the 
telegraphs acquired by the State, dealt with during 
the period referred to, was that of the North-Eastern 
Railway Company. The claim made by the com- 

ny was 540,292/., with interest at 5 per cent. from 

‘ebruary, 1870. The award amounted to 168,696/., 
or less than one-fourth of the claim. 

The gross earnings of the telegraph service for 
the year to March 31, amounted to 1,313,000/. as 
compared with 1,277,000/., the amount of the earn- 
ings for the previous year, thus showing an increase 
of 36,000/. The expenditure, however, is in excess 
of that for the previous period, the amount for the 











year 1876-77 being 1,123,000/. as compared with 
1,032,000/., showing an increase of 91,000/. It is, 
however, pointed out that these figures, which 
exhibit an apparent increase of expenditure far 
greater in proportion than the increase of revenue, 
must be subjected to considerable modification if the 
real revenue and working expenses of the year are 
to be clearly shown. A reduction in revenue has 
arisen from the introduction of the telegraph stamp, 
whereby the revenue of the preceding year was 
abnormally swollen, On the other hand, the ex- 
penditure includes no less than 30,429/. for the 
telegraph share of the cost of the site of the new 
post-office at Manchester, together with large sums 
aid to railway companies on account of arrears due 
or the preceding years. ‘The true financial results 
of the telegraph business for the year will, it is said, 


-| be exhibited in the profit and loss acounts to be 


presented shortly to Parliament. The depression 
of trade during the year is considered to have affected 
the telegraph revenue to a much greater extent than 
it has the postal revenue. 

The total number of messages for the fifteen 
months is 26,440,439 as against 20,766,277 for the 
previous twelve months. Reducing the former 
quantity to a like period in order to compare it with 
the latter, the result is that for the financial year 
ended the number of telegrams may be taken as 
21,152,351, showing an increase considerably below 
that for the previous year. 

No mention is made of the extent of additional 
wires provided during the period covered by the 
report. The number of post-offices open for tele- 
graph business on the 31st of March, 1877, is, how- 
ever, given, and numbers 3734, in addition to which 
there were 1636 railway stations open for the trans- 
action of public telegraph work. 


THE PATENT COMMISSIONERS’ 
REPORT. 

Tue Report of the Commissioners of Patents for 
1876, which has just been issued, has some features 
of interest which it did not possess in former years. 
The Commissioners have recently enlarged their busi- 
ness, and at the commencement of 1876 they became 
responsible for the registration of designs which up 
to that time had been under the direction of the 
Board of Trade. At the same period there was 
added to their establishment an entirely new de- 
partment, the Registry of Trade Marks. Without 
committing ourselves to any opinion that the three 
kinds of property, viz., patents, designs, and trade 
marks are of one and the same nature, it has long 
been seen that they are sufficiently alike to be pro- 
perly under the control of one department, as is 
the case in the United States. 

We will deal with the subject of letters patent 
first. It is satisfactory to notice that there has been 
no falling off in this branch of the office, indeed the 
number of patents applied for exceeded that of any 
former year, having reached 5069. In 1875, they 
were 4561, and there has been a steady increase in 
the number for the. last seven years. Of the 5069 
applications made last year only 3367 advanced to 
the final stage, the remaining 1702 having lapsed 
for various reasons, but no applications appear to 
have been refused by the law officers. The business 
of granting patents still continues to be very profit- 
able, the clear revenue from that source amounting 
to about 120,000/. per annum. The expenditure 
for salaries, including the Patent Museum, reached 
18,500/., which appears very large indeed. Sta- 
tionery, including books for the library, cost 3800/., 
whilst the printer’s bill (including paper) amounted 
to 16,2007. The report refers to the new mode of 
printing the specifications, and gives two specimens 
of the drawings, which may be read by a person 
with good eyesight without the aid of a magnifying 
glass. They do not, however, prove that the new 
system is better than the old, and it would be quite 
easy to produce hundreds of drawings which are on 
so small a scale as to be quite useless. They do, 
however, show that the art of photo-lithogra hy 
has been carried to considerable perfection. The 
usual lists of institutions to which copies of the 
Commissioners’ publications have been presented are 
given, but discreet silence is maintained as to the 
large contribution to the pulp-vat which was made 
during the latter part of last year. Unless our 
memory is at fault a few of the ‘‘ places of deposit 
where it is alleged that the works may be seen, are 
mythical. To take one iystance only, we are almost 
certain that the ‘Literary, Scientific, and Mechanics 
Institution, London-street, Reading,” has been de- 
funct for many years past. The list certainly stands 

















SNARES NN RAS RENNIE kl tat Ne 

















ENGINEERING, Szpremszer 28, 1877. 




















THE PARIS UNIVERSay 





(For Description, w Pa 











De 





ENTRANCE TO MAIN VESTIBULE ( 
















































































FACADE OF THE TROCA 

















EXHIBITION OF 1878 








Page 251.) 








MT Hirt 


Ae _ 
Arte 











SSTIBULE OF EXHIBITION BUILDINGS. 






































































































































PREETI ETISae | 




















TROCADERO PALACE, 




















Sept. 28, 1877.] 


ENGINEERING. 





251 








in need of revision from information “ obtained on 
the spot,” as the reporters say. The handy Abridg- 
ments now number 90 volumes, and we are very 
glad to learn, as we do from the report, that they are 
to be continued down to the present time, On the 
other hand the report is silent on the very important 
work of re-editing on a uniform plan, and consoli- 
dating the indexes to the patents. 

Many years have elapsed since any information 
was published having reference to the registration 
of designs, and it will probably surprise most persons 
when they are told that 9525 were registered during 
the past year. Of these 286 belonged to the class 
of “useful designs,” the remainder were of the 
‘‘ ornamental” class, The ‘ useful” designs occupy 
a somewhat anomalous position, and a considerable 
proportion ought to form the subject of letters 
patent, Years ago the Mechanics’ Magazine used to 
publish weekly lists of these designs, and many of 
the contrivances were illustrated in the pages of that 
periodical. Some of them exhibit a considerable 
amount of ingenuity, though applied to small 
articles. This number must now amount to several 
thousands, We have not the smallest hope that any 
suggestion which involves the spending of money 
for the benefit of ‘‘the public” will be listened to, 
but it occurs to us that some of the surplus funds 
would not be quite thrown away if they were 
devoted to the printing and indexing of these 
“useful designs.” We have the less hesitation 
in making the suggestion as the receipts of this 
branch amounted during the year to 4738/., whilst 
the expenditure for salaries was only 665/. To this 
must of course be added the amount spent for 
incidental expenses, but the report gives no informa- 
tion on that head. In any case, however, the profit 
must be sufficiently large to bear the expenditure of 
a few hundred pounds for printing and indexing. 

A few years ago it was very generally believed 
that the limits of official blundering had been 
reached. It was, however, reserved for the powers 
that be to show that there was still a “lower 
depth,” and without exaggeration we may say that 
it was reserved for the trade mark authorities to 
reveal that abyss. We do not propose to enter into 
much detail, as we pointed out long ago that 
inevitable confusion must ensue from the system 
proposed. ‘The first Act was passed in 1875; there 
was an amending Act in 1876; and another in the 
present year. ‘lhe rules under the Act issued a few 
hours before the opening of the registry were crude, 
ill-considered, and contradictory. During 1876, the 
first year of the Act, 12,500 marks were tendered 
for registration, but only 261 were actually placed 
on the register. ‘he report refers to ‘‘ the dithoulty 
of distinguishing between marks used as private 
property and as trade designations of quality,” but 
we must be pardoned for saying that the “ diffi- 
culties” were almost entirely created by the office 
itself, Many a useful statute has been stifled by the 
commentators, but we have here an instance of an 
Act being persistently worked in an opposite sense 
to that intended by its promoters, and that too by 
the very persons who of all others should have been 
interested in making matters work smoothly. The 
object of the Act was undoubtedly the registration 
of trade marks, but the officials entrusted with this 
administration have apparently pursued a distinctly 
opposite course. Upon the receipt of an application 
to register a trade mark, the first thought of the 
clerks is not how it can be accepted, but how it can 
be refused. It may be truly said of them as of the 
Jews of old, that ‘‘ they weary themselves to commit 
(official) iniquity.” Up to the end of July last about 
50,000 marks had been applied for, including those 
for cotton goods, and only one-fifth had been placed 
upon the register. It will in all probability be some 
years before the arrears are worked off, and in the 
mean time no provision whatever, except in the case 
of cotton goods, has been made for the legal protec- 
tion of unregistered marks. Since the lst of July 
last no proceedings can be taken to prevent the in- 
fringement of a trade mark which is not registered, 
although application may have been made at the 
very earliest possible period. On the whole the 
Trade Marks Registry must be pronounced to be the 
most unsatisfactory part of the Commissioners of 
Patents’ Office. Its proceedings are strikin ly out 
of harmony with the other branches of the Sipart- 
ment. In the Patent Office proper, and also in the 
Designs Registry, applications are received and re- 
corded without question, whilst in the Trade Marks 
Office an 5 eT has to fight his way, so to speak, 
through a host of frivolousand vexatious objections, 


If he decides to appeal to the court as Messrs. 





Barrows did—they are mentioned in the report as 
Messrs, Barrow—it will only be at very great cost. 
There is, too, just this peculiarity about the legal 
arrangements. The Registrar of e Marks acts 
under the direction of the Commissioners of Patents, 
of which body the Master of the Rolls is the only 

ermanent member. His lordship is a judge of 

t instance, and also a member of the Court of 
Appeal. It cannot escape the observation of the 
most obtuse person that this is a position of consider- 
able delicacy. 

In conclusion, we beg to express our thanks to 
the Commissioners for having omitted from the 
report all mention of the statement, now long 
obsolete, which they addressed to the Treasury more 
than nineteen years ago on the subject of the in- 
adequate nature of the accommodation afforded by 
the present Patent Office. 








THE PARIS EXHIBITION.—No. II. 

Fo.iow1ne the subdivision of leading features in 
the Paris Exhibition buildings adopted last week, 
we have : 

8. The Picture Galleries. —The picture galleries 
occupy the central space between the two groups of 
buildings we have just described. They are 128 ft. 
maximum width, so that an open space 42 ft. wide 
is left between the side w: and the adjacent 
buildings. There are two main ups of these 
buildings, each having the principal entrance from 
the centre of the adjacent vestibule, and being about 
800 ft. long. Each group is divided into four sec- 
tions of 200 ft., a transverse gallery separating 
every section. The walls are of stone, carried up to 
a height of 24ft. to the springing of the roof. 
Each section is a counterpart of the others, and 
consists of a main hall 82 ft. wide and two wings or 
chambers on each side 23 ft, wide and 50 ft. long. 
The outside of the gallery thus presents a series of 
projections and recesses, each 50 ft. in length, the 
recesses being 23 ft. deep. Such a broken surface 
will be rather difficult to treat so as to produce a 
good effect, and we fear that the — of this 
part of the Exhibition will be always unsightly. 
Each group of galleries terminates with a small 
vestibule surmounted by three domes, the axes of 
which coincide with that of the transverse galleries 
cutting the buildings into three parts, as already 
alluded to. 

The picture galleries are covered with a roof of 
the same construction as that already referred to, 
and employed for the 82 ft. bays in the Main 
Building ; the roofs over the wings are carried on 
simple light trusses. 

4. The Central Space between Picture Galleries.— 
Between the tw6 groups of picture galleries there is 
a central space, measuring about 328 ft. by 213 ft. 
This area will be allotted to the Ville de Paris for 
various municipal exhibits, and will be occupied by 
several small pavilions, the designs of which are not 
yet definitely settled, the surrounding spaces being 
laid out in gardens. 

As already stated the whole of the ground in front 
of the Exhibition down to the river wall is appro- 
priated for exhibition purposes. This arrangement 
cuts off from public service the length of the Quai 
d’Orsay lying between the Avenue Suffren and the 
Avenue de la Bourdonnaye. To avoid this incon- 
venience, a subway between retaining walls is being 
constructed, connecting the two avenues, parallel 
with the river wall and 120 ft. from it. The width 
of this subway is 26 ft., and the maximum depth 
23 ft. in the middle of its length, where a light 
bridge 131 ft. in width crosses it. The centre line 
of this bridge} coincides with that of the central 
entrance of the Exhibition, with that of the Pont 
d’Jena, andalso with the axis of the Trocadéro Palace. 
Considerable and unforeseen difficulties have been 
experienced in making this subway, owing to the 
bad nature of the ground, and for a considerable 
length piles had to be driven to a depth of 26 ft., 
and the spaces between them filled in with béton. 
The length of the subway is sufficient to allow of easy 

ients. 

The Pont d’Jena, which forms the connecting 
link between the grounds in the Champs de Mars 
and the Trocadéro, will be widened considerably to 
accommodate the heavy traffic which the circulation 
from one part of the Exhibition totheother will create. 

On the other side of the river, the Quai de Billy 
will within the limits of the Exhibition grounds be 
also cut off from the public service, and a second 


way is a much larger affair than that of the Quai 
d’Orsay, as it has to accommodate the lines of tram- 
way running to Versailles besides the ordinary car- 
iage and pedestrian traffic, It is accordingly made 
65 ft. in width, and Hs ga the Pont PJena is 
ed w bridge 98 ft, wide, which leads into 

e TO. 
The Trocadéro was, as will be remembered, a 
piece of ground broken up with quarries, and of 
general unsightliness, before it was taken up by the 
his was 


worn , and laid out into gardens, 
under the Empire, and the character of the surface 
lent itself y to artistic adaptation. At present 


it has resumed much of its o: al appearance. The 
gardens have disappeared, od the oer slope, the 
summit of which is ]00 ft, above the level of the 
Quai de Billy, is covered with stone hewn and un- 
hewn, and the usual débris accompanying the con- 
struction of a large and permanent building. The 
palace stands on the summit of the hill, and its 
terraces look down not only on the Exhibition and 
the Champ de Mars opposite, but over the greater 
part of the city. e palace extends along the 
whole width of the Trocadéro, nearly 1300 ft. 
It consists of a grand Central Hall, the axis of 
which coincides with that of the Exhibition, and of 
two wings, which — east and west from the 
vestibule behind the hall, extend in a curve for 
a distance of 650 ft. on each side (see our two- 

e engraving this week). The Central Hall 

ill correspond with our Albert Hall, so far as the 
Pee ag it is intended to serve, It contains one 

ge theatre of a horseshoe form, measuring 
164 ft. in one direction and 230 ft. in the other. It 
will accommodate 7000 ns, and will be fitted up 
with private boxes and the various tiers of seats 
necessary for public accommodation. The main en- 
trance will not be from the Trocadéro grounds, but 
from the other side on the Place du Trocadéro, The 
entrance will consist of a large vestibule wider than 
the hall itself, and extending on both sides into 
spacious antechambers, which enclose the hall itself, 
as far as the stage in the latter. These chambers 
lead into the two wings before spoken of, and the 
axes of which intersect the back of the hall just to 
the rear of the stage, while the tower which termi- 
nates each wing stands forward 285 ft. from that 
axis, so that the hall is thrown comparatively far back, 
partly subdued by the extended and advanced 
wings, but by reason of its great height and striking 
architectural features the most prominent cha- 
racteristic of the . The wings contain a 
covered Lge 42 ft. wide, and in front an open 
promenade about 18 ft. wide, the roof of which is 
carried by elaborately carved stone columns, 
Similar terraces or colonnades surround the Central 
Hall on its Trocadéro front, and rise tier above tier 
to the upper gallery of the building. The two wings 
terminate in vestibules, thrown forward as already 
stated, and reached from the Trocadéro by flights 
of steps, for the difference between the ground 
level where these vestibules are placed, and the floor 
of the palace, is about 26 ft. e early design for 
this palace showed straight wings thrown out right 
and left from the hall, and in subsequent ones they 
were made semicircular. Both these ideas were 
failures, the one looked tame and meagre, and the 
other a the Central Hall. As being carried 
out, the effect is extremely good. The wings form 
approximately a semi-ellipse, each being struck from 
four different radii. 

The difference in the level of the ground has 
made this construction quite a formidable one, 
while so many difficulties were encountered in mak- 
ing the foundations, that much extra expense was 
incurred, and considerable delay occasioned, The 
foundation for the Central Hall, for example, had to 
be carried in some places to a depth of 60 ft. The 
roof on the wings is a very simple structure, but 
that over the Central Hall is somewhat complex. 
and we shall not attempt any description of it until 
we publish the drawings. . 

One of the principal features in the decoration of 
the garden of the Trocadéro will be a wide cascade 
falling from the base of the Central Hall, and 
which, after breaking over eleven falls, will disappear 
in a basin placed in the middle of the gardens. 

There can be no doubt whatever that all things 
considered, no previous exhibition has enjoyed such 
advantages of site, and if the temporary buildings 
lack the pretension and extravagance of architec- 
tural effect, which was one of the causes that brought 
ruin upon the Vienva Exhibition, the Palace of the 





subway will be also made here, connecting the Rue 
de Magdebourg with the Rue de Suffren. This sub- 


Trocadéro, which will remain as a permanent monu- 
ment of the Exhibition of 1878, will go far to com- 
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nsate for any deficiences in the other buildings. 
Bat these other pogo “_" gece | amaned for 
their purposes as well as for subsequent utility, 
when The object for which they have been built 
shall be over; the two Machinery Halls especially, 
will we think, meet with unqualified approval 
both from. the exhibitors and the public. 

It may be convenient to add here a summary of 
the chief officers connected with the works and 
control of the Exhibition as at present organised, 

I. General offices, 101, Rue de Grenelle, St. 
Germain, Inspector- General, M. J. B. Krantz, 
Inspector-General, Senator and Honorary Member 
of Ponts et Chaussées. M, C. Krantz, Com- 
missioner-General, Engineer of State Manufactures. 
M. Ladreit de la Charriére, Secretary. 

Il. Financial Bureau. M, Ailain-Launay, Chief 
of Finance. 

IL{.. Bureau of Archives. M. de Leffe, Ingénieur 
en. Chef des Ponts et Chaussées. . 

IV, Direction of Works, offices, 199, Rue St. 
Dominique, St. Germain. M, Duval, Director. 
Ingénieur en Chef des Ponts et Chaussées. MM. 
Vallitre, Decazes, and Pieuchot. 

a, Machinery Bureau. M. Leccuvre, Chief of 
Bureau and Professor at the Central School 
of Arts and Manufactures; M. Debize, 
Engineér-in-Chief of Manufactures of the 
State. 

4. Bureau of Ironwork,. M; de Dion, Engineer- 
in-Chief. 

c. Bureau for the Champ de Mars. M. Hardy, 
Architect, M, Houberdon, Resident En- 
gineer, 

d. Bureau for the Trocadéro. MM. Davioud 

’ and Bourdais, Architects, MM, Causel 
and Pamard, Engineers, 

V. Bureau of Foreign Sections, 101, Rue de 
Grenelle, St.Germain. M, Georges Berger, Director. 
M., Vergé, Chef de Service, 

VI, Bureau of the French Sections. M. Giroud, 
Director; M. Crepinet, Architect; M. de Fallois, 
Chief of 3rd and Ath Groups; M. de la Massue, Chief 
of 5th Group; M. Lockert, Chief of 6th Group; M. 
Dheu, Chief of Catalogue Department ; M, Thielley, 
Chief of Transportation Department. 

Vil, Fine Arts Bureau. Offices, 3 Rue de Valois, 
Palais Royal, The Marquis de Chennevitres, 
Director-General of Fine Arts Section. 

VIIL. Agriculture, Horticulture, and Pisciculture 
Sections, M. Tisseraud, Inspector-General of Agri- 
culture, Director, Pisciculture, M. Blanchére, 
Horticulture, M, Hardy. Agriculture Machinery 
and Products, M. Colbert. 

IX. Bureau for Local Transportation, and Living 
Animals, Offices, 60, Rue St. Dominique, St. Ger- 
main, M, Porlier, Director. 

X. Bureau of Historical Exhibits and Ancient 
Art, Offices, 101, Rue de Grenelle, St. Germain. 
M. Longpérier, Director. M.Schlumberger, Secre- 
tary-General. 

XI, Committee for Exhibited Machinery. M. 
Callon, Professor at the Central School of Art 
and Manufactures. M. Caillot, Chief of the 
Marquise Iron Works. M, Neustadt, Engineer. 
M. Hirsch, Ingénieur des Ponts et Chaussées, 
M. Forquenot, Engineer-in-Chief, Chemin de fer 
d'Orléans, M Mathieu, Engineer-in-Chief, Chemin 
de fer du Midi. M, de Bange, Artillery Officer, 
M. Regray, Engineer-in-Chief, Chemin de fer de 
l’Rst. M, Marié, Engineer-in-Chief, Chemin de fer 
de Paris, & Lyons et a la Mediterranée, M, Le- 
coouvre, Professor, Central School of Arts and Ma- 
nufactures, M. Hanet-Cléry, Engineer-in-Chief of 
Mines, M. Couche, Inspector-General of Mines. 
M. Debise, Engineer of State Buildings and Ma. 
nufactures. 

Besides the foregoing there are two committees 
of consultation for matters relating to contracts 


and works, 


THE PENNSYLVANIA RAILROAD, 
No. XXXIX.—.Locomotives—( sonfinued). 
HAvine published in full detail the cost of labour 
on a standard locomotive, we will proceed to give 
the cost of materials employed for three different 
types, the ‘‘ C” bituminous, the “C” anthracite, and 
e I” classes. The two former are those generally 
employed for passenger and for fast freight service, 
the latter is the new type of heavy freight engine 
for mountain as well as for ordinary sections. 
In the Tables given the materials and cost for 
tenders are included, but it is not possible to 
te the latter from the engines, 
e bituminous engines of the “‘ C” class have four 








10,506 Ib. Forgings ... 
17,096 lb. Castings ... ae a 
6,360 lb. ” (driving wheel 








coupled wheels 62 in. in diameter, 
diameter and 24 in, stroke, while 
is 29.80 tons. 


Taste No. XX.—Oost of one Class “‘ 0’? Bituminous 
Locomotive. 


Labour 


Proportion of gas light 


fu 


? 


an 


cen 


8,196 Ib. Iron... a 
410 lb. Boiler iron... 
6 Ib. Angleiron .., 
626 lb. Tank iron ... 
650 Ib. Stay bolts ... 
165 lb. Planished iron 
1,403 Ib. Crown bar iron 
130 Ib. T-iron = 
223 Ib. B.B. iron ... 
665 lb, Sheet iron ... 
15 lb. Russia iron... 
44 lb. Boiler iron... oe os 
8,093 Ib. Steel for boiler... “rs 
296 lb. _,, boiler head plate ... 
871 Ib. Cast steel ... bani as & 
1,208 lb. 5, spring steel ... 
1,012 Ib. Old steel ... ad 
1,129 lb. Bronze 


517 lb. Brass ood 
16 lb. Babbitt metal 
1,349 lb. éoe ie 
53 Ib, Bar and sheet copper 
Rivets one 200 
Bolts fs 
Nuts pos oot 
Washers ... 


2 Driving axles (1780 Ib.) me 
6 pairs Wheels and 


4 Butcher steel 


(3993 1b.) se 


144 ft. Pipe i rh +e 
4 Steel crankpins (414 Ib.)... 


7 Tube ends . bee 


1,721 ft. Tubes we bes 
131 lb, Copper pipe ove 


»  Tivets eee 
Screws eco ovo 
Nails oma rnd 

12 Steel set screws ... 


17 Ib. Lagging screws ... 

6 lb. Black rubber eve 
16 ft. Chain see ooo 
11 Ib, Sheet rubber . 


Split keys ... 


6 ft. Rubber hose wa = 
Brass and copper wire ... 


Emery paper 


81 lb. age ang 


‘acks 
Wick 


Sponge 
4 Ib. Leather 


Type metal 

Glue — ose 
5 Firebricks at 90 ... 
3 Screw eyes... 


2 Ib. Soap 


Brushes... 
1 Tank cistern 
1 Signal bell ... 
1 Whistle 


1 Steel counter spring 


1 Water scoop hose 


1 Counter balance spring BY 


2 Unions 


1 Richardson safety valve 


2Swivels.... eee 
4 Hose nuts ... ws. 
4 Deflector nuts 

1 Goose neck 


1 Steam chest gland nut ‘A, 
eck ; 


1 Boiler ch 


2 Tallow caps and joints ai 


4 Eccentric straps ... 
8 Driving-box shoes 


4 fe wedges 
4 Spiral springs 
10 Oilcaps... 


1 Steel plunger 

1 Steam gauge 
lInjector_... 

6 Handrail tees 

4 Acorns ¥ ae 
4 Tallow connexions 
1 Hose ds 

1 Steam-chest 

1 Blower 4 

4 Packing rings 
10 Face plates 

1 Spring balance ... 
1 Set of copper joints 
2Hosestrainers .. 
4 Truck oilers 

4 Brass oilers 


Elbow, hinges, door slides 


2Cab-door catche 
kn 


- wee 


obs . 
1 Tank cock be 
1 Blower cock i 


linders 17 in. in 
e weight empty 
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dols. £ 5. d., 

1Petcock .. .. .. 1.00 03 ‘ 

1 Blow-off cock... ~- 5.50 100 

2 Stop cocks... 3.83 0 13 10 

4 Cylinder cocks 600 - 118 

2 Heater cocks « 4.50 016 3 

4 Gauge cocks ° 6.40 138 

2 Tallow cocks «eo 6.50 138 

1 Seum cock ... 3.75 018 8 

2 Port cocks,;. ene 2.40 089 

1 Steam gauge cock 1.15 042 

1 Feed-pipe cock ... se 2.80 010 3 

112 ft. Deflector pipe hie as” "ESS 353 
28 Sheets of tin ay =: 6.14 2-84 

370 ft. Water grate ee + 59.20 1015 5 
9 Bus < a 1 1.31 049 

3 lb. Solder 0.75 028 
9 Lugs 0.59 022 

250 ft. Oak 13.00 274 
522 ft. Ash ... 20.50 314 8 
509 ft. Pine Pas 36.26 612 0 
60 ft. Hickory 3.00 010 11 
171 ft Eieiek ow 6.07 a ie | 
530 ft. Yellow pine 15.90 21710 
670 ft. Pine Pr 16.75 810 
86 ft. Cherry ... 1.44 05 3 
24 ft. Weather strips 1.20 0 4 5 
15 Lights ie 4.35 015 10 
Sandpaper ... 0.70 026 

66 Ib. Bone black... 2.64 098 
20 1b. Lead colour 4.00 01410 
22 Ib. Filli a3 ial . 888 0141 
20 Ib. “‘ Tronclad’’ paint... =~ 2.40 097 
7 lb. Swedish green ‘e 1.75 065 
4 1b. Roofing brown ... ie 020 
25 Ib. Dark Brunswick green... 9.60 113 11 
2 gals. Black Japanvarnish ... 2.40 08 9 
2 gals. Rubbing varnish ... . 97.76 18 3 
1 gal. Finishing varnish .. o«e,, 425 915 6 
27 Books of gold leaf -- 11,84 214 
Total ... 8411.93 158113 6 


By brass and bronze turn- 
ings ; turnings, borings, 
and cuttings... 6.12 18 8 1 

Total -» 8343.81 1519 5 5 

Shop expenses other than those for gas, fuel, and 
stores are not included in the foregoing Table, and 
the total of 1519/7. 5s. 5d. should therefore be in- 
creased to allow for this. Placing factory expenses 
at 50 per cent. of wages paid, we have 2361. 19s. 3d. 
to add, less the charge of 32/. lls. 6d. credited for 
gas and stores. The total cost of engine and tender 
would therefore be 1519/7. 5s. 5d.+204/. 7s. 94. — 
17237. 13s. 2d., and allowing 300/. for the cost of the 
soeore we should get the cost of engine alone at 

4237. 

Assuming the cost of material in tender to be 
equal to the amount of wages paid and factory ex- 
penses, we may thus summarise the whole expendi- 
ture : 





£ 

Cost of material in engine ... od << ae 
rs @ tender ... ¥ seb 150 
Amount of wages on engine... a pm 373 
ee ~ tender... aa se 100 
Factory expenses for engine... sala nas 187 
2 ~ tender... ies a 50 
Total Se ws =—:1728 


The weight of the bituminous ‘‘C” engine being 
29.80 tons, and that of the tender 10 tons, we have : 


Cost of material per ton in engine... shen See 
» ” tender ... ed 15.0 
Cost of labour per ton in engine ... aaa 12.5 
” ” tender ... vi 10 
Factory expenses per ton of engine od 6.2 
9 ” tender ‘ 5 
Total expenses per ton of engine ... Nes 47 
99 tender ... sa 30 


It will be interesting to compare these figures 
with similar ones obtained from European railways. 
Mr. McDonell in a paper read before the Institution 
of Civil Engineers on the repairs and renewals of 
locomotives has given some statistics by which com- 
parison can be made as to the cost per ton of finished 
engine. See Table XXI. 

t will have been already observed that although 
the prices of materials are relatively high in the 
United States, there are several causes which combine 
to reduce the total costs of materials employed. A 
larger amount of cast iron finds a place in an 
American than in an English engine ; steel tubes 
and fireboxes are used to the exclusion of brass 
tubes and copper fireboxes, The driving wheel 
bodies are of cast iron, while the truck wheels are 
altogether of the same material. The perfection to 
which the system of working of templates has been 
carried still further tends to cheapen the work, 
though this shows itself in the value of labour. On 
the other hand a small increase in expenditure as 
compared with English engines is incurred in the 
elaborate cab structure, pilot, &c. 
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TasLE XXI.—Comparison of Cost of American and 
European Locomotives. 

















¢| 2 tee. 
Railway. bp 2 3 E 3 
¢ = ° 
e = (eo) & 
Paris and Orleans Railway: |£ s. £ s. aJ£ s.i£ 8. d. 
Six-wheeled coupled engines } 
weight 34 tons (16 O41 18 49 15/67 13 4 
Great Western Railway : | 
Express coupled passenger 
engine, weight 31 tons .../11 729 0 07 1/47 80 
Goods engine, weight 30.5| | 
tons... axe ies ../11 0/25 4 07 4148 80 
Great Southern and Western 
Railway of Ireland : 
Passenger engine, weight 30) 
tons... one er a 844 5 ¥ 9\70 20 
Passenger engine, weig: | 
‘ons eT 1144 5 08 5169 110 
Goods engine, weight 30tons|16 348 5 08 1/72 90 
Pennsylvania Railroad : | 
Class ‘“‘C’’ bituminous en- 
gine, weight 39.80 tons ...\12 10/28 6 ” 4147 00 








In the following Table a comparison in prices of 
different materials is made, the English prices being 
those of the Great Southern and Western Railway 
of Ireland, for engines built about the same time as 
those on the Pennsylvania Railroad to which we are 
referring. 


TABLE XXII.—Comparative Cost of Materials. 








- | Great Southern 
Material. oo and Western 
— Railway 

‘ rm £8. d. . * . 
Copper plates per ton ... pan 

Tubes perton ... ...|Steel 32 16 0|Brass 70 0 0 

Steel axles per ton 3612 0 40 310 

Steel tyres ,, a 4610 0 38 0 0 

Cost of wheels per ton.. 912 0 50 2 5 

Forgings per ton j 1216 0 19 3 0 

Castings ,, ay 969 a ee 

Boiler plate per ton .../Steel 39 15 O|Iron 3416 0 











From the foregoing it will be observed that if 
copper had been employed instead of steel for the 
firebox, brass instead of steel for tubes, and wrought 
iron instead of cast iron for driving wheels, a con- 
siderable addition would have to be made, amount- 
ing to: 


£ 

Extra for firebox 64 
~- tubes m 81 

os wheel centre 140 
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On the other hand, the cost of forgings for the 
American engine is little more than one half, an 
the price of castings is also considerably less. It 
should be borne in mind however that the above 
comparison with the engines of the Great Southern 
and Western of Ireland and Paris and Orleans Rail- 
ways, are not the best that might be made; on the 
other hand, the cost of material and labour above 
quoted for the Great Western Railway, may be 
accepted as a fair example of cost on our main lines, 
and if the allowance was made for the more ex- 
pensive materials enployed here, the price per ton 
for engines on the Pennsylvania Railroad would 
be still higher than that shown for the Great 
Western Railway. 


LOCOMOTIVE FIREBOXES. 
(Continued from page 197.) 

Form of the Firebox.—Your committee have been unable 
to get any facts that would be considered new or valuable 
in regard to a beneficial change in the form of the firebox 
that could be adapted to the present style of locomotive, 
—_ that now th general use—the plain rectangular 

orm. 

For burning anthracite coal, the long and comparativel, 
shallow firebox has been found to give the best results, an 
for bituminous or the semi-bituminous a deeper and 
shorter firebox gives the best results, all things considered. 
For a time the ‘‘ water leg’’ known as the “ Jauriet fire- 
box’’ was largely used on some of our western roads, but 
frequent and expensive repairs in keeping the firebox in 
order, with a comparatively small saving of fuel, has re- 
sulted in its disuse. 

That form of firebox known as the Weston boiler has 
been used to some extent on the Lake Shore and Michigan 
Southern Railway and several other roads, but we learn 
from those most familiar with its use, that it has failed to 
meet expectations in regard to economy in the use of fuel, 
being considered inferior to the plain firebox. 

The brick arch is used to some extent on a number of 

» mostly in passenger locomotives, and is as good, or 
perhaps better, for the purpose intended, other 
device. It renders its best service in locomotives i 
fast trains and worked up to full capacity, in preventing to 








d | as an extraordinary 


a great extent unburned particles of coal from being drawn 
th: the tubes, and it prolongs the passage of the gases 
from the coal to the tubes, reflecting heat back into the fresh 
and unburned gases as they ascend, assisting toignite themas 
they mix with the oxygen that may have up through 
the coals unconsumed, or that is admi' above the top 
of the fire, and thus promoting and giving time for a more 
perfect combustion ; the heated mass of brick acting as an 
equaliser of temperature. This, the oldest device for pro- 
ay combustion, is perhaps the best—at least as as 
any other. 

n the case of boilers that are comparatively large for 
the work required, it seems to be the epualon of a large 
majority, that even the brick arch is not economical, com- 
pared with the plain firebox, taking into account the cost 
of renewals. 

Proportions.—To our question, ‘Do you recommend 
any change in the proportions of boilers now in general use 
that will resultin economy of fuel? If so in what parti- 
cular?”’ we received no definite answer, other than a sug- 
gestion that it might be beneficial to increase the number 
of tubes. It is important to know whether in practice we 
have the best proportions of boiler for a given size of 
cylinder. In our last report, your committee exp 
the opinion that on this subject of the best proportions, 
there was less positive knowledge than on any other matter 
connected with the construction of the locomotive, and the 
result of our inquiry seems to demonstrate the truth of the 
“iseta portions different from those in practi 

re there pro ons eren' m in ce 
that would result in economy if adopted? is a question that 
has not yet been satisfactorily answered, and perhaps never 
will be entirely so, from the fact that in ordinary practice 
the demand on the boiler for steam is constantly varying. 
The demand for a few minutes may be its utmost capacity 
to furnish ; then the next five or ten minutes, not more 
than one-half; the next five not a fourth, and the next 
ten, no steam at all may be required of it; so on through 
the whole trip. The demand ing constant, and quantity 
the same for each minute during the time of work, then it 
would not be difficult to proportion and manage a boil 
as to obtain much better results from a given quantity of 
fuel consumed than we can under the circumstances that 
ordinarily existin practice. To obtain allthe work possible, 
out of a given quantity of fuel, is the object desired. If 
combustion of the gases in the firebox is imperfect, then to 
that extent fuel and its value are wasted. combustion is 
perfect, and the heated are drawn through the tubes 
so rapidly that the time is insufficient to allow the heat that 
the tube might otherwise take up to pass into the water, 
that also is a waste, and the remedy is to put in more 
tubes, and thus decrease the velocity of the gases through 
them. If large quantities of unburned coal are wn 
through the tubes, and thrown out into the air as sparks 
and dust, which in some experiments made a year ago by 
Mr. Peddle was shown to equal 10 per cent. of the coal put 
into the firebox, then a large boiler, a lighter draft, and 
the intervention of a brick arch between the. grate and 
tubes, increasing the distance through which the particles 
of coal must pass in order to be carried into the tubes, 
would to a great extent remedy the evil and result in 


economy. 

The > suggested would be correct theoretically, but 
in most cases, owing to the varying demand on the boil er for 
steam, good practice would show a compromise in the size 
of the boiler to be the best—one large enough for all ordi- 
nary demands, and ne quite small enough, at such times 

i emand was required for a few minutes 


er 80 


at a time. 

In answer to our question as to the proportions for a fire- 
box of a locomotive having cylinders 16 in. by 24 in., and 
driving wheels 5 ft. in diameter, to burn bituminous coal 
economi , the answers are quite uniform. With a few 
slight variations the sizes recommended are : length of fire- 
box 66 in. ; height above the grate 60 in. ; water space at 
grate, one-half give it at 3 in., and the other 3} in. ; space 
at top 4in. to 5in. ; length of tubes 11 ft. to 114 ft.; 
diameter 2 in. ; number, 155 to 160 ; diameter of barrel o 
boiler at smallest ring 48 in. to 50 in. The fireboxes of 
engines that are reported as being the most extravagant in 
the use of fuel had water-space from 2 in. to 2 in. 

It is quite probable that the size of the firebox will, toa 
certain extent, determine the most economical size for 
the wa . The larger the box and quantity of fuel 
in combustion in it, the larger the waterspace requi 
compared with a small firebox, would be the opinion of 

our committee ; as the intensity of the radiant heat 
ing upon the sheets is proportionate to the body of the fuel 
(intensity =, the same in each case for the same 
quantity of fuel). Thepassage of heat through the sheets 
into the water, in rapidity, is in proportion to the difference 
between the temperature of the water and that generated 
in the firebox by the fuel in combustion; therefore the 
greater its intensity, the greater will be the quantity of 
water evaporated or carried upward, from the given sur- 
face of the sheet in a given time, and the ous, of 
cooler water required to take its place, and the required 
welcomes to — a oe andl postoat circula’ ootid ‘ 
our committee sug; no changes in p ms 0 
boilers and fireboxes, likely to be beneficial on the whole, 
except to call attention to the proportion of heating sur- 
face of the tubes to that of firebox. We are of the 
opinion that in many cases the passage of the heated 
gases through the tubes is made in so short a time 
that much heat is carried through them that, if more 
time was allowed, would be absorbed b 
water surrounding them. As stated before, the passage 
of heat from one medium to another of a lower tem 
ture is, in point of time, in proportion to their diffe- 
rence. Now as the heated gases enter and forward 
through the tubes, the heat is absorbed and their tempera- 





ture in proportion, and ly approaches that 
te canting the tube at that point and the 


of the water. 





the tubes and | an 
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passage of their remaining heat to the water becomes 
slower, while the veloci the gases erm mee ag a the 
tubes remains the same for all parts of their length, except 
as 1t may be affected by condensation from loss of re” 
ture, es to that extent less at the forward end of the 
tubes. then in practice the gases pass into the smoke- 
box at any considerable temperature above that of the water 
in the forward part of the boiler, the tubes should be either 
increased in length or in their number, so as to hold on to 
nase en ay eee heat can be from 

em. 

The lower the temperature of the water eye the 
forward end of the tubes, the more will be the heat ex- 
tracted from the gases, and as a consequence the cooler 
they will be in passing into the smokebox. It would seem, 
therefore, that our present practice of injecting the feed- 
water into the boiler close to the forward end (the closer the 
better) is correct in theory and good in practice. From 
the information we are able to gather on this point, we 
conclude that in most cases the ae se proportions of fire- 
box heating surface is not very far from being as as 
can be adapted to our present style of ievanelios under the 
circumstances of its use, all things considered. 

The best proportion of pe or a given firebox area 
will depend somewhat on the character of coal used, and as 
there is considerable difference in coal used on the different 
lines, we can fix no standard applicable to all, or to 
ona — “ — a “- other coal 

nines comparatively ydrogen need more gra’ 
area and less total area of firebox above the fuel, but more 
tube surface, comparatively, than in the case of coals con- 
taining a large proportion of hydrogen, for the reason that 
as the combustible part of the coal is mainly solid carbon, 
it is burned on the grate, and the combustion is nearly 
or quite perfect there ; ocgeoguently there is nothing com- 
bustible at any considerable distance above the top of the 
fuel, and asthere is nothing combustible remaining in the 
— to prolong or further increase their temperature, 

heir heat will be as readily imparted to the water through 
by oy obey a be: Ived ted 
the other , hy ing evolved or separa\ 
from the solid coal before qeabedinae, must burn above the 
top of the fuel, and must unite with the proper proportion 
of oxygen before combustion takes place, and as the two do 
not mix rapidly, more or less time is required to complete 
their a 80 » owe oo may age Lo gm as 
ible. Time and space necessary, it must be pro- 
Fided in area of firebox covets top of the fuel. If the 
a is large, ~, time me — in ss and 
the 0 e gases through the s: i propor- 
ionally shower. Also a less quantity of unburned coal will 
be carried to the tubes, It is important that the hydrogen, 
or rather carbure’ m, receive its requires oxygen 
at the top of the fuel, or as low down in the box as 
possible, that time for mixture and combustion may be 
given, either by a light or thin fire on the grate, — 
sufficient air to pass up through it to supply the de i 
+o nine it through hollow stays around the sides 
of the box. 

The former method is doubtless best, provided the firing 
was always such as to admit the right bacon J of air, as 
it is more evenly distributed over the whole surface of the 
coal on the grate than it could be if introduced around the 
— Gases and solid particles of fuel not consumed 

‘ore entering the tubes are practically wasted, as contact 
with the surface of the comparatively cool tubes reduces 
their temperature below that of a flame, and they ‘‘ go 
out.’? Therefore if we cannot induce perfect combustion 
in the firebox to that extent fuel is wasted. 

If the firebox is too small, sufficient time is not allowed 
for combustion before the gases pass into the tubes. If 
the area of grate be too large, the draft through the coals 
will be sluggish, and the oxygen of the air ng over 
the surface of burning carbon will unite with it in com- 
bustion, and on arriving at the top of the fuel on the grate, 
no unconsumed oxygen is left to unite with the carburetted 
hydrogen evolved from the coal, which, if not supplied with 
air at some other — and from another source, passes 
on unconsumed and is wasted. 

Careful tests and comparisons of the performance of 
locomotives having different sizes of fireboxes, yet doing 
the same work, and carefully the fuel consumed by 
each, would add much to our kn in regard to the 
best proportions. We find that the /pattern and propor- 


, 98 | tions of bar, and spaces between the bars, adopted 
by the erent railway lines, differ to a considerable 
act- | extent, due mainly to the difference in the character of the 


coals used, some form of the rocking or shaking grate being 
used in most cases. The thickness of the bars of the grate 
varies from 1 in. to {ths ; and width of air space from 1 in. 
to#in. Some consider the use of a dead plate occupying 
about 20 per cent. of the grate area at the front of the fire- 
box to be beneficial; while about an equal number con- 
io ding whob tne poupnetion of becber 0 the plbar park 
lepen upon the pro ion 0 other 
of the boiler, and somewhat on the character of coal used, 
and the work performed by the locomotive. 
(To be continued.) 





LivERPOOL Enernerrine Socrrery.—This Society held 
its usual fortnightly meeting on the 26th instant at the 
Royal Institution, Colquitt-street, Mr. H. O, Baldry 
A1O.E., Vice-President, in the chair. A paper was read 
on ‘‘ Some of the Advantages of the Metrical System,” 
by Mr. E. J. Jones. After explaining the metrical system 

d pointing out the yalue of a convenient standard of 
longtn wasil decimally, Mr. Jones proceeded to demonstrate 
the saving of time and labour in engineering calculations 
upon the metrical over those on the h_me- 
thod. Sections of the same of railway p on 
the two systems were exhibited, showing that the metrical 





system reduced the number of figures required by at least 
one-fifth. ’ 


































































ENGINEERING. 


(Serr. 28, 1877, 





BORING AND TURNING MACHINE. 
CONSTRUCTED BY MESSRS. W. B. BEMENT AND SON, ENGINEERS, PHILADELPHIA. 
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We illustrate above a combined boring and turning 
machine, constructed by Messrs. W. B. Bement and 
Son, of Philadelphia. The headstocks for the boring and 
turning tools are both mounted on the same carriage, 
which has a vertical traverse given to it, by means of 
the screw and bevel gearing driven off a pulley mounted 
on the horizontal shaft at the top of the frame. The 
headstocks can be traversed horizontally, or set at any 
desired angle, and the distance apart of the boring and 
turning tools can be regulated at will. The tools are 
fixed, the table on which the work is placed being caused 
to revolve by the gearing introduced as shown. The 
weight of the boring and turning bars is balanced by 
counterweights passing over gage on the top of the 
frame, and the cutters are fed down to the work by a 
pinion gearing into the rack on the bar. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday forenoon the 
pig-iron market was steady, and business was done in 
warrants at 54s. 2d. cash, also at 54s. 44d. one month, closing 
with sellers at both prices, buyers offering 54s. 14d. cash, 
and 54s. 4d. one month. The afternoon market was steady, 
and at the close the nominal prices were—buyers 54s. lid, 
— 54s. 3d. a. There oe quiet eee 1ad. 
opening on y morning, and for warrants 54s. > 
cash was _. Subsequently the tone improved a 
little, and 54s. 2d. cash, and 4d. and 54s. 4}d. one 
month fixed, were paid, the aarket closing with buyers at 
So po ee sellers asking ltd. ton more. 
warrant market 


at 54s. 2d., 
. 6d. one 
. the forenoon the market closed with buyers at 
Sa. Shh eek ans The market was scarcely so firm, and 
54s. 3)d. cash and 54s. 6d. one month were the quotations. 
Sellers closed at those prices, and buyers were very near. 
Yesterday’s market was very quiet all day. Business was 
done d the forenoon at 54s. 3id. cash and 54s. 6d. one 
month closing rather buyers. The afternoon market 
was quite idle, no business being reported, and at the close 
were buyers at 54s. 2d. and sellers.at 54s. 3d. cash. 
This morning a few thousand tons c hands at 
54s. 1}d./prompt, and 54s. 4d. one month, after which the 
tone was a shade firmer, 54s. ass en, which 
in paid nt close in the after 54s. 14d. 

cash on Monday accepted. The closing price is 54s. 3d. 
rompt _—, Hitherto the ee trade has somewhat 
isappoin' @ expectations of many persons engaged in 

the 9 trade ; y in ae ge yp buoyanc 
ph aay eveloped at this season of the year. Still, 
ma pet. Wor ol hind ad Aiepingteen Same te cal 

year even yet. For o! iron is 0} 

9 See sale. Some reducti i i been made 








alteration to note in the number of blast furnaces in opera- 
tion, the total being still 87 as against 118 at the same time 
last year. Last week’s shipments of pig iron from all 
Scotch amounted to 8087 tons compared with 9727 
tons in the corresponding week of last year. 


The Tay Bridge—Further Progress.—Since my last 
notice of this structure very’ considerable progress has 
m made. The last rail was laid about four o’clock 
last Saturday, and shortly ards an engine was 
run along whole length of the bridge under the 
superintendence of Mr. Gi and Mr. Grothe. 
trips were subsequently made at a speed of fifteen 
miles an hour, in order to see what amount of vibration 
would be produced on the different kinds of girders. 
During Saturday afternoon and on Sunday many thousands 
of persons were privileged to f° upon the bridge. Yester- 
day a formal fatgectien of the bridge was made by the 
directors of the Tay Bridge and North British Railway 
Companies. All stated that the inspection had given them 
the utmost satisfaction. It is understood that several months 
must elapse before the bridge can be opened for ordinary 
—— traffic, as a great deal of work has yet to be done. 
ntil hat time, however, ballast trains will run to fill 
up the ground at the esplanade near the Dundee end of the 
bridge. 

Newhaven Harbour Improvements.—The west wall of 
the harbour of Newhaven, which has been in progress for 
the past eighteen months, was completed last Saturday. 
It is built of concrete. The fishermen, for the safety of 
their boats when taking the harbour, some time peti- 
tioned the Leith Dock Commissioners to extend the east 
wall 40 ft. further out. The prayer of the petition has 
been granted, but before the extension takes place a new 
contract will have to be entered into. 


The Bridge across the Dee.—At a recent meeting of the 
Bridge Committee of the Aberdeen Town Council, Mr. 
Dyce Cay, C.E., Aberdeen, and Mr. m, C.E., 
Leith, were appointed to act as arbiters in the event of any 
difficulties ing up in connexion with the erection of the 
new ite bri across the River Dee. A letter was 
read from Mr. Blyth, C.E., in which it was stated that 
Mr. Fyfe, of Kemnay Quarries, had intimated his readiness 
to sign a contract for the carrying out of the work at the 
terms agreed upon. 

The Late Strike on the Clyde.—It is very satisfactory 
to be able to say that the strike of the,Clyde shipwrights 
can now be spoken of in the past tense, as it is quite termi- 
nated, and the men, to the extent of several hundreds, re- 
sumed work on Monday morning. The arbitration pro- 

ings are in progress, and it is expected that both the 
workmen and employers will appoint their arbiters this 
week. The boilermakers and iron shipbuilders have also 
opened ‘negotiations with the employers on the subject 
of the 10 per cent. asked by the former on the rate of 
wages. 





Mrtus.—The Civil and Mechanical 
paid a visit to Lloyd’s Paper Mills at 


Liorp’s PaPEr 
Bow, and inspected the process of manufacture through- 





out, from the delivery of the !English”and Belgian straw, 

" leaves, and waste paper from the 
wharf on to the premises, cutti up the vegetable 
matter and separating all knotty substances from it un- 
fitted for paper making, sorting the waste paper, filling 
the revolving boilers with the various materials and the 
necessary quantity of caustic soda, emptying the boilers, 
and converting the straw, &c., into pulp, bleaching it with 
chloride of lime, and finally passing it as pulp in at one 
end of the machine, and seeing it come out at the other 
end paper, such as is used for our various daily and 
weekly journals. The works find a for 180 
men, women, and boys. The mechanical‘power is supplied 
by 5 boilers, to 10 steam engi of 300 horse power col- 
lectively, and the quantity of paper manufactured at this 
establishment alone is 42 tons per week, the proprietor 
having other works at Sittingbourne. The company also 
ins’ the two presses used for printing the Sunday 
edition of Lloyd’s Newspaper, each press being capable of 
printing 20,000 copies per hour, the total circulation of 
the paper being over 600,000 weekly. 


University CoLLEGE, Lonpon.—We have received 
the prospectus of the Engineering Department of this 
college for the coming session, which commences on the 
8rd October. The course of instruction seems to have 
been somewhat extended since last year, and contains some 
new features. The most ——— of these, and one 
which we think will be very valuable, is the addition of a 
short course of lectures on ‘‘ Commercial Law,” by Pro- 
fessor W. A. Hunter. These lectures are intended to 
meet the requirements of men devoting themselves either 
to engineering or other branches of commerce or manu- 
factures by giving them some knowledge of the legal con- 
ditions under which their business will be carried on. The 
syllabus of the course includes the patent laws, factory 
laws, laws of contract, partnership, landlord and tenant, 
master and servant, joint-stock companies, affreightment, 
marine insurance, bankruptcy, andenumerous other 
matters of] business ya—F There is no doubt that 
such a knowledge of the | aspect of these matters as 
may be acquired from these lectures will be of great prac- 
tical value, and we are glad to see that they take place at 
an hour when they can be attended by others than the 
pens by nag at the college. The workroom—some of 
the work done in which we mentioned in our account of 
the College Soirée last June—is again under the care 
of M. Paul Robin. Professor Kennedy’s engineering 
classes have been supplemented by the ition of a class 
for Design for advanced students, in which is to be 
described in detail ‘the design of a few simple and im- 
portant machines and structures, the calculations and 
working drawings for which will then be made by the 
students in the engineering drawing class.”’ If carried out 
in a practical way, as we have no doubt it will be under 
Professor Kennedy’s idance, this class should form an 
excellent preparation for actual drawing office work. We 
ain Cay & Se P- omee Mprggbeade or ghana 
out i examination, ugh a uu 
is obli for those who wish to obtain the “ General 
Certificate for Engineering.’’ 
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ON MECHANICAL PUDDLING.* 
By Mr.,R. Howson, Middlesbrough. 


HAvING received an intimation that some account of the 
Godfrey and Howson puddling furnace, and of certain re- 
sults which have been recently obtained with it, might be 
acceptable to this meeting, I gladly respond to the invita- 
tion. At the same time I am compelled to ask that certain 
allowances may be made for the absence of data of a 
strictly accurate character. A series of trials has been 
carried out with this furnace with the sole os of over- 
coming the recognised difficulties of rotary puddling, espe- 
cially those which arise from the destructive action of 
intense heat, and of generally cheapening the process. The 
attempt has met with some degree of success, but the scien- 
tific demonstration has yet to follow. It is enough for the 
present if I endeavour to suggest a new starting point from 
which to commence an investigation of the whole theory of 
puddling, hoping that it may attract the attention of those 
most competent to deal with it. 

To commence with a description of the furnace, and 
referring to the diagrams. The acting part of the machine 
consists of a pan-shaped vessel mounted on an axis. (See Figs. 
1 and 2, page 242.) This axis is inserted into a long bearing 
bored out in a framing situated immediately below the pan, 
a bevel wheel, driven by a pinion, being keyed on the axis 
between the bottom of the pan and the frame. The frame 
itself is mounted on trunnions which allow of a tilting mo- 
tion at right angles to its bearings. The shaft of the pinion 
which causes the revolution of the pan, passes centrally 
through one trunnion, while on the other trunnion a worm- 
wheel is keyed, worked by a worm, through which the tilting 
motion is effected. It will thus be seen that the pan can be 
revolved at any angle ; its position can be changed through 
an are of a circle so as to bring its opening at one time in 
front of the source of heat, and, at another, to tilt out the 
finished ball. The centre of motion is shown in the draw- 
ing as situated a little above the bottom of the pan, and 
the weight of the trunnion frame is adjusted so as to ba- 
lance the weight of the pan and its contents. If the centre 
of motion is placed at or near the common centre of gra- 
vity, it is clear that very little power is required to effect 
the tilting action, and hand power is quite sufficient for the 
purpose, but in machines Of large dimensions self-acting 
means may be applied without difficulty. The worm- 
wheel action is in either case both convenient and efficient, 
but other modes of tilting will naturally suggest them- 
selves, such as the hydraulic arrangement usually applied 
to the Bessemer converter. The source of heat consists 
simply of an enlarged gas blow-pipe, the jet from which 
enters the mouth of the pan centrally or nearly so, while 
the products of combustion escape concentrically ortside 
the tuyere and inside the edge of the pan. The enters 
from the main into an annular space just above the tuyere, 
and the air is forced through a nozzle placed centrally, 
and perforated with holes. This arrangement answers 
perfectly well, but it is easy to see that it is capable of 
modification, provided only the ordinary blow-pipe condi- 
tions are complied with, viz., that the air mixes thoroughly 
with the gas, and that the focus of most intense heat may 
be somewhere near the surface of the metal under mani- 
pulation. The nose of the outer tuyere is protected from 
the heat by means of a coil, after the manner of a blast 
furnace, but instead of water it is sufficient to allow a 
small jet of steam to circulate through it, this alternative 
being designed to obviate the consequences of a leak, 
which might result in a chance explosion in the pan. The 
air nozzle itself requires no protection. 

The method of applying the blow-pipe action to the ope- 
ration of puddling was first tried at the Newport Iron 
Works with a small stationary furnace, in the year 1867, 
the air being supplied from the hot main of a blast furnace. 
The heat of the air, originally about 900 deg., was reduce 
to about 500 deg. by having to pass for a considerable dis- 
tance through pipes exposed to cold. The gas was generated 
in an apparatus very similar to the ordinary Siemens pro- 
ducer, and the jet of mingled gas and air was projected 
vertically downwards on to the hearth. The temperature 
attained in the furnace in this manner was amply sufficient 
for puddling, but when blast furnace gas was substituted, 
the heat was found to be inadequate. Some account of 
these experiments will be found in a report of the puddling 
committee appointed by the Institute, and published in the 
Journal of 1872, vol. i. p. 102. It may be stated that the 
entire results were successful so far as the process is con- 
cerned, but the manual labour was somewhat trying, owing 
to the heat caused by the internal pressure forcing a por- 
tion of the products of combustion through the rabble 
hole. It was apparent at the time that the only solution 
of the difficulty was mechanical puddling, and the revolving 
construction naturally senpuiet itself, but the project was 
not carried out. 

The next series of trials were made by Mr. Godfrey and 
myself, with the assistance of Mr. Williams, at Messrs. 
Bolckow and Vaughan’s works, in the year 1875. The 
source of heat employed in this instance was ordinary 
illuminating gas, taken from the company’s gasholder. 
In a small stationary furnace a number of preliminary 
experiments were made in order to determine the best 
form of burner, the best focal distance of the jet, and the 
influence of pressure in the interior of the furnace. It is 
sufficient to say that an intense heat was obtainable with 
hot blast, andjeven with cold quite high enough for all 
practical purposes, and it now became a question how far 
retort gas would compete with the old method of coal firing 
in an economical point of view. Inorder to ascertain this, 
alarge gas meter was fitted to the supply pipe and the con- 
sumption accurately taken. Without entering into details, 
it may be stated that these trials showed that, even under 
imperfect conditions, a ton of iron could be puddled with 
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2500 cubic feet of gas, provided the pig iron was first 
melted in a cupola. This would bring the consumption of 
coal, if of good gas-making quality, to 5 cwt. per ton of 
iron, the residual coke being available for melting or for 
steam purposes. With re to the gas manufactur- 
ing plant, it may be calculated that one bench of five 
retorts in a group would be equal to the production of 
100 tons of puddled bars per week. Having proceeded 
so far, two revolving furnaces of small dimensions were 
now constructed, sufficient, however, to put to the test 
the experience already gained. The one was made so as to 
revolve horizontally, with an opening at each end, opposite 
to both of which a blow-pipe was situated, so that the foci 
of two jets met in the centre of the chamber, the products 
of combustion recoiling and returning concentrically past 
the jets through the same openings. The other furnace 
was of similar construction to that already described. 
From the description of the latter, it will have been 
noticed that the orifice of the furnace is entirely free from 
the nose of the tuyere, and that, consequently, there is no 
frictional contact withit. It had already become apparent 
that, with the ordinary system of coal-firing, as in the 
Danks furnace, the necessity of forcing the two ends of the 
revolving vessel into close contact with two rings, sub- 
jected to excessive heat, was the cause of great waste of 
steam power, and rapid destructive action, and that the 
blow-pipe arrangement furnished the means of obviating 
the evil. This feature was accordingly adhered to in both 
cases, so that the openings of the furnace were free from 
touching any rubbing surface. 

At this period, the system of boiling under an intense 
heat was the only known means of producing finished iron 
of good quality. The higher the boil, the better the result, 
and the consequence was that on the horizontal plan, the 
orifices of the chamber required to be very small, com- 
pared with its internal capacity, to prevent boiling over. 
On the other hand, the arrangement shown inthe diagram 
enabled the pan to be tilted at the point of the highest boil, 
so as to keep in its contents. Allowing for minor defects, 
always incidental to first attempts, both furnaces gave 
results sufficiently satisfactory to warrant the construction 
of larger ones, on a commercial scale. The freedom from 
smoke and dirt formed a striking contrast to the comfort- 
less aspect of an ordinary forge, while the labour was 
light in comparison, and, economically, the prospect was 
encouraging. In the latter respect, indeed, considering 
the heating power of fretort gas, its ‘purity, and the cheap- 
ness with which it can be manufactured, when apart from 
the expensive and wasteful system of town mains, there 
seemed good reason for inferring that its application to 
iron making would be an advantageous one. The first 
construction, however, of a plant of this kind is obviously 
expensive, so much so, as to discourage its adoption on a 
large working scale. It was thought advisable, therefore, 
to recur to the cheaper method of manufacturing gas, 
which, although more impure, was known to answer the 
purpose. 

Another furnace, large enough to puddle from 3 cwt. to 
4 ewt. at a time, was now ergcted at the Britannia Works, 
the construction adopted being the one shown in the 
diagram for the reason above mentioned, that it afforded 
most room for boiling. The apparatus selected for genera- 
ting the gas, was that of Messrs. Brook and Wilson, 
as it seemed to offer points of special adaptation to 
the requirements of the case. This producer is 
shown by means of two sections in Figs. 3 to 7 on 
page 243. It consists of a combustion chamber having 
a solid hearth and no fire bars. The coal is fed from 
the top, the combustion takes place at the bottom, and the 
gas escapes intermediately between the two, through lateral 
openings into a channel which passes round the chamber, 
and from which channel it is conducted into a main com- 
with the furnace, or with a number of fur- 
naces. The air required for combustion is —— > 
means of ‘the well-known steam jet, blowing into a - 
mouthed pipe placed outside, but mounted on a box-shaped 
casting which traverses the middle of the chamber. On 
each side of this box,.in the interior, there are openings 
through which the mingled air and steam find their way 
into the charge. The object of placing these openings in a 
central position, is to prevent any currents from passin; 
up the sides of the chamber in an undecomposed state, an 
contaminating the gas, as they are liable to do unless the 
proper precautions are taken. The steam jet presents an 
obvious advantage, as it gives command of pressure at the 
tuyere to assist the blow-pipe action, affording at the same 
time a ready means of adjustment so as to regulate the 
rate of combustion and the formation of gas according to 
requirement. In other respects this form of produce 
works well, and has the merit of cheapness in construction. 

Referring ‘again to the furnace’ itself, the pipe which 
conducts the gas from the main to the tuyere is fitted with 
a simple valve for shutting off the gas and regulating its 
supply. ‘There is also a valve attached to the air pipe for 
a similar purpose. The blast is in the present instance 
obtained from a Root blower, although, if the system were 
worked on a large scale, a small blowing engine would be 
preferable. The pressure of air which appears to be most 
suitable so far, may be stated to ,be about 12 in. of water, 
although perhaps this may be considered an und 
question. It is, of course, an essential point that the blast 
should be divided into streams so as to intermingle with 
the issuing gas as rapidly as possible. There is, however, 
no difficulty about this. It might be supposed that, owing 
to the short distance which the jet has to traverse, an 
oxidising action would be liable to take place at the surface 
of the metal, owing to the presence of free oxygen. Never- 
theless, thisis not thecase. It is certainly possible to have 
an excess of air, which is in fact sometimes an advantage, 
but it is also possible and even easy to adjust the jet so 
that the whole of the oxygen is consumed before the 
charge is reached. In like manner a i e is 
readily obtainable by giving an excess of gas, but this, so far, 





does not appear to answer any useful object. The products 
of combustion leave the pan, as described, between 
its inner rim and the nose of the tuyere, and the conditions 
are best fulfilled when ‘only little flame is apparent. In 
any case, the burnt gases, whether incandescent or not, 
after issuing from the pan, have a high temperature. This 
waste heat is, therefore, conveniently utilised by allowing 
it to pass on its way to the atmosphere by a vertical 
chamber traversed by a series of heating pipes through 
which the air is fo on its way to the tuyere. In actual 
fact, hot blast is not necessary in the process presently to 
be described, but it tends to economy to take advantage of 
heat which would otherwise go to waste. The tempe- 
rature of blast thus attainable has been proved to reach 
to as much as 800deg. It may be added that under all 
ee with this furnace there is a complete absence of 
smoke. "e 

I now come to the subject of some recent experimental 
trials in the process of puddling, which, I hope, may be 
considered worth the attention of the meeting. 

Tt. already been observed that it is one of the dis-- 
tinctive features of this furnace that the destructive and 
power-absorbing action of frictional contact in the revolv- 
ares is avoided. Those who have struggled with the 

culties involved in ordinary coal firing as applied to 
rey furnaces, will no doubt recognise the advantage of 
the blow-pipe system in this respect. But this is not enough. 
In the method of puddling hitherto adopted, the necessities 
of the case require a comparatively intense heat in order 
to obtain a good boil, and facility of balling up. This 
causes, in the first place, a wasteful expenditure of fettling 
(leaving the fuel out of the question), and, in the second 
place, a distorting and dilapidating influence on the entire 
structure of the furnace, which can only be mitigated by a 
liberal use of water. At the-last meeting of the Institute 

I ventared to express a belief that the entire process of 
puddling might be effected under a temperature so mode- 
rated as to overcome these difficulties. Since then, my 
attention has been mainly directed to the attainment of 
this desirable end, and, as before stated, with some degree 
of success. Without going into the history of mistakes 
and failures, which have been numerous enough, I may 
briefly describe the new process as it at present stands. 

In the first place, it may be stated that the system is 
capable of. modification in accordance with the quality of 
pig metal and with its previous treatment. For instance, 
the metal may be taken directly from the blast furnace, or 
after a second melting in a cupola or reverberatory fur- 
nace, or it may be melted in the puddling furnace itself- 
Up to the present, owing to deficiency of appliances, I have 
only had experience of bt eee metal previously melted 
in a reverberatory furnace with a cinder bottom. Under such 
conditions, if rapidly effected, the melted iron does’ not 
out differ from that which is tapped from a cupola. With 

leveland pig, thus treated, the silicon may perhaps, on 


the average, be taken at 1} per cent., and the phosphorus 
from 1 to 1} per cent. 
The metal having been melted and transferred by means 


of a ladle to the puddling furnace, the pan is now revolved 
at a moderate speed, ten revolutions per minutes being a 
convenient rate. Assuming that the pan is fairly red-hot 
before the introduction of the metal, no gas is required. 
An excessive heat is better avoided. The charge being 
thus put in motion, the next thing is to add the fettling in 
the shape of ground oxides in a cold state, or slightly 
heated. Melted fettling is not employed at all. The oxides 
are simply sprinkled gradually on the surface of the 
metal, which rolls up the granulated particles amongst its 
mass, and rapidly becomes thereby of a thick pasty consis- 
tency, emitting carbonic oxide flames abundantly. It then 
presently rises in temperature, owing to its own internal 
chemical action, and becomes liquid in, but not with 
the usual appearance. The whole of the metal has as- 
sumed a granulated condition, swimming like rice grains 
in a bath of cinder. The carbon continues to escape in 
flames, but without boiling, until the ins get viscous, 
and have a tendency to stick together. Now is the time to 
check the speed of the machine. From this point to the 
end of the process, the rate of revolution should not be more 
than two per minute. Still no gas, or very little, is required. 
No more heat is necessary than will keep the cinder in a 
liquid state. In the course of some minutes the flames 
begin to diminish, and the tendency of the grains to ad- 
here increases until at last they collect her in small 
masses. This is the period above all when an ex- 
tremely slow motion is requisite, in order to prevent the 
formation of crude lumps before the iron has been pro- 
perly converted. The longer it is kept in a loose 
spongy state the better. As soon as the carbon flames have 
vanished, or nearly so, a spurt of heat finishes the opera- 
tion, and the iron may be up. This final stage is 
the most difficult part of the process. If the metal is 
wed to coagulate into compact masses too soon, the 
operation is prolonged and the result is unsatisfactory. 
Precaution, therefore, is necessary to prevent this, which 
can only be done by an extremely slow motion of the pan, 
or by stopping it ionally al her. 

In this method of puddling, as before stated, there is no 
boiling. The charge naturally swells somewhat, but this 
is all. The heat; required is comparatively low, and con- 
sequently the besaience gee of gas is omall. The quantity 
of dry oxides required need not exceed 3 cwt. to the ton of 
blooms, and there is noother expenditure of fettling. As 
a proof of thisit may be stated that considerably over 100 
heats have been got out of a furnace without any repair to 
the lining. Of course, under these circumstances, the outer 
shell does ny suffer in ba by and no hg fae 
been applied to any part for of coo . 
With so small a consumption of fettling, the question may 
be asked, ‘“‘ What becomes of the phosphorus?’ The 
reply to this is that, when working at low temperatures, 
the phosphorus appears to prefer the cinder to the iron. 
The cinder squeezed out of a bloom so puddled may con- 
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TABLE No. V.—SHEET IRON MADE BY SIEMENS’ DIRECT PROCESS.—OCTOBER, 1876. 
Results of Experiments to ascertain the Tensile Strength, §c., of Four Pieces of Sheet Iron received from the Darlaston Steel and Iron Company. 































































































se | Original. Ultimate Stress, | Fractured. . 
t St S 
Stkeben. Description. : we eo Extension. Appearance 
| Size. Area. | Total. | P yarn ory } of Size. Area. Area. ae at a Fracture. 
K. | Sheets B | |} Wb. Ib. tons, Ib. t i Pe emia 
Unanneaied. , | | nm. b. ons. in. | per cent. 
4897 24 by 24 by 10 W.G. | 2.38 by .138 | .328 | 17,357 | 52,917 . 2.18 by.105 | .29: 0.5 ; ; 
4901 yvaitto | 238.7 “ass | ‘328 | izass | san} 52578 235 | FOEby-IE | 28 ie | bong 2ms a 151; 186 | Fibrous 
4899 ditto +| 2.38 ., .139 38 16,730 50,543 P 2.24 ,, 122 273 058 | 17.5 a : 5 ¥ ” 
4903 giltto, +] 2.38", .139 | .331 | 17,070 | S171} 51,057 227 | 996" ‘118 | ‘266 | 065 | 19.65 18.5 62,708 28.0 136 ine} 125 ” 
nnealed. | ” 
4898 litt —/| 2.38 ,, .138 .328 16,530 50,396 0 | 107 32, 2. 
4902 ditto =| a38" ‘198 | ‘328 | 16955 | siteoa} 51064 227 | 235 ~ is | 30 | ore 24.0 ¢ 28:3 71,244 = 31.8 iat 18.4 20.7 
4900 ditto +| 2.88 ,, .13@ | .331 | 16,467 | 49,749 ’ 2.21 ,, .120 | .265 066 19.9 ; 1.26 126 z° 
4904 itt, cr 2.38 ,, 139 | ‘331 | 16.656 | 50:320¢ 50,034 22.3 291 "1120 | (265 | ‘066 199 19.9 62,496 27.96 138 2 8t 12.6 fond 
Unannealed. | | 
4905 24 by 24 by 10 W.G. | 2.38,, .133 316 16,010 50,664) .. -< . 2.23 ,, 105 234 082 25.9 2.10 21.0 
4909 ditto —| 238, 131 | .312 | 15,767 | 50.5355 90.500 226 | 338 "106 | ‘239 | lo73 | 33.4} 246 67,18t 29.99 1.76 78} 19.3 ” 
4907 ditto _ +] 2.38 ,, .134 | .319 | 16,070 | 50,376 ’ 2.26, .118 | .266 | 053 | 166 v ‘33 ; - 
491 | atte "| 2.38, 13 | 319 | 15,720 | ao279f 49.827 222 | 328" ti9 | n | cows | 1505158 59,199 2642 | 196 103f 20 | 
nnealed. | ’ 
4906 ditto —| 2.38 ,, .133 316 15,455 48,908 a P .18 ,, .10 d 092 9.1), ‘ 0 ; | 
4910 ditto =| 938" ‘131 | ‘siz | 15112 | assy 48671 21.7 | 333" ‘jor | a26 | cose | 3755283 67,926 3082 | 399 922} 21-2 Ee 
4908 ditto +| 2.38, 134 | .319 | 15,632 | 49,003) ,. roy 2.23 ;, 114 | .254 065 | 203 i . 1.48 : ° 
4912 ditto +| 238" ‘134 | ‘319 | 14680 | aeorsy 47510 22 | 555" 118 | 3 | coo | isa gtts 57,847 25.82 | ogg “ess8 | wre 
Messrs. The Darlaston Steel and Iron Company, Darlaston Green and King’s Hill Iron Works, Wednesbury. 
: 99, Southwark- street, London, S.E., October 24, 1876. , (Signed) DAVID KIRKALDY. 
— This sign is used to indicate test with the fibre. 
+ ” ” ” across the fibre. 
tain 7 or 8 per cent. of phosphorus, while the bloom itself TABLE No. Il.—Anatysis or Iron. 
contains not more than 0.15 per cent. It must be noted, a are pejeeed be gt tee | AE, wc dice, & 6. an. a pe ten PE ee ee 
however, as a tolerably ascertained fact, that if the ball is eer 1. 2 7. 4. 5. 6. > 8 9 10 
kept too long a time ata high temperature before going ; land : 2 : 
een Aen ee Pee eae Iron ...| 98.30. | 98.73 | 99.45 98.97 98.909 99.907 | 99.128 | 98.728 | 
. s : | .745 - j 565 082 - d -717* .932* 
With regard to the waste which accompanies this method | oo ol as } = _ pon 7 15 | = — — | 
of puddling, I should estimate it at somewhat less than | phosphorns ‘030 | 082 030 ‘019 020 ’ | "498 125 | 024.172 
that of ordinary hand puddling, but of this and of some | gyjphur ee oer 071 | trace 085 106 .090 085 08 ae ne va 
other questions it is not possible at present to render a Manganese 144 101 | traces 126 158 | traces 298 34 Ci 
very precise account. When the conditions of a series of a, fed traces of traces of si . 
experiments are constantly changing, exact determinations | CaO and Al, CaO and Al. | 
are not very easy to effect. . nt 
Taking the subject altogether, it would not be difficult, | = : 
in the usual advertisement fashion, to sum up all the ad- 99.334 | 99.177 '100.123 100.000 100.000 100.000 
vantages of the furnace and system of manipulation which ery F : : Pa 
I have attempted to describe. At present, however, I | —— - 
forbear, having already apologised for the somewhat crude 1. Iron hammered from charge 60 A.— August 9, 1875. 
and premature nature of the information I have had to 2. Iron made from Canadian ore.—August 18, = 
give. 3. a - Towcester ore.—August 25, 1875. 
In a short time I hope to be in possession of more ac- 4. Towcester iron, rolled fairly at Darlaston.—September 15, 1875. 
curate data, so as to be able to present the subject in a 5. - - badly és - ” 
more complete form. 6. ps hammered badly, contained slag. 
= 7. Charge 94 A, Chatterley.—October 13, _ - -_ ’ 
r >D iC -ROCESS ; ON 8. Towcester iron, rolled at Darlaston. Charge 9: to102 A. .717 Si corresponds to 1.54 per cent. slag. 
THE I gent M tye R _ IR 9. Indian iron. Chafge 132 A.—November, 1875. .932 $i corresponds to 2 per cent. slag. : 
oa © = 10. Phosphorus in Towcester iron. 
Some further ‘nia pone > oe of Iron * 172 P Towcester inside Champion, and not rolled at Darlaston. T: al, 
c ) 0 . 
By C. Writ1am Stemens, D.C.L., F.R.S., President, TABLE No. IIl.—Anatysis or Iron. 
Iron and Steel Institute. ; 
(Concluded from page 225.) one 1. 2. 3. S om 6. 2 i 6 
Tastes II. and III. give the analyses of irons produced - | 
from various descriptions of ores, and Tables IV. and V. give | fron 99.711 99.278 99.1988 
Kirkaldy’s tests of the mechanical properties of the iron ; | Silicon .065 316 .400 316 -155 -230 | .026 .027 
but it should be understood that these tests were taken | (. carbon 12 12 .150 trace trace trace 10 : a 
with a view rather to test various modes of manufacture Phosphorus .077 .073 .0502 .019 -046 | .090 .093 
than to show high results. Only a small proportion of the Sulphur .027 trace trace trace trace J | 021 | 
samples had been subjected to the pyrenty Bw ony and | Manganese trace 213 .201 trace trace trace | trace | 
the variable percentage of phosphorus may be taken really -| 
as indicative of the extent to which the cinder had been 100.000 100.000 100.0000 
removed from the metal. j | | 


The analysis of slags produced in the process indi- 
cates that they are rich in iron, but it must be remem- 
bered that in the case of comparatively pure ore they 
can be used almost entirely in ~ agen | charges, and 
that in the case of ores containing muc quigher and 
phosphorus they are the recipients of those impurities— 
in the same way as the puddling cinder carries off the 
same impurities in the pudilling furnace—and thus serve a 
useful end. 

If rich ores, such as hematites, are available, it is more 
advantageous to use a stationary furnace, and to modify 
the process as follows : 

A mixture of pulverulent ore mixed with a suitable pro- 
portion of fluxing materials and reducing agent is prepared, 
and from 4 to 5 tons of it is charged from a charging plat- 
form into the heated chamber to the depth of some 12 in. to 
15in. But before charging the mixture some coke dust 
or anthracite powder is spread over the bottom and sides of 
the chamber to protect the silica lining.of the same. The 
heat of the furnace is thereupon riised to a full welding 
heat, care being taken that the flame is as little oxidising 
as possible. The result is a powerful superficial action 
upon the mixture or batch, causing simultaneous reduction 
of the ore and fusion of the earthy constituents. In the 
course of two hours a thick skin of malleable iron is formed 
all over the surface of the mixture, which, on being with- 
drawn by means of hooks, is consolidated and cleared of 
cinder under a hammer, and rolled out in the same heat 
isto rough sheets or bars, to be cut up and finished in the re- 
finery furnace or charcoal hearth. One skin being removed, 
the furnace is closed again, and in the course of 1} hours 
anotherjskin is formed, which, in its turn, is removed and 
shingled, and so on until, after three or four removals, the 
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1. Homogeneous iron, made from Towcester iron, at Darlaston, June, 1876. 


2. Towcester iron, rolled at Darlaston, 
3. 9 ” 

4. * bloom, 26.2 
5. Iron broken bloom 25 C. fracture ery 
6. 99 99 

7 and 8. Iron from blowing fires. 


Iron... 
C. Carbon 
Sulphur 
Silicon 
Manganese 
Phosphorus 


(C.)—Iron made from mixture of Crewe, Seale, : and Somorostro, and afterwards. passed through the blowing fires. 


| metal on melting constitutes a bath on the surface of the 


furnace charge is nearly exhausted. A fresh charge is then 
added, and the same operation continued. Once every 12 
hours the furnace should, however, be cleared entirely, and 
the furnace lining be repaired all round. 

The shingled metal so produced forms an excellent melt- 
ing material for the open-hearth or Siemens-Martin pro- 
cess; but if ores both rich and free from sulphur and 
Phesphares are used, together with roll and hammer scale, 
which forms an admirable admixture, I simplify the process 
still further in causing the fusion to take place in the re- 
ducing furnace. 

The furnace having been charged with say five tons of 
batch, the heat is allowed to ply on it for four or five hours, 
when about two tons of hematite pig jron are charged upon 
the surface, by preference in a hea condition. The pig 





August, 1876. 


Northampton, August, 1876. Charge95 A and 98 A. 
-77 contained 3.17 per cent. slag. 


stallise. Slag—1.58 per cent. 


fibrous and dirty. Slag—2.61 per cent. 


Iron from 





Blowing Fires. (C.) 

a 99.6 99.716 
19 .120 

nil -012 

j 121 
traces traces 

.048 031 
99.866 100.000 








thick metallic skin previously formed, and ually dis- 
solves it on the surface while it is forming afresh below, and 
in the course of from three to four hours the whole of the 
materials charged are rendered fluid, consisting of a me- 
tallic bath, with a small percentage of carbon, covered with 
a glassy slag containing about 15 per cent. only of metallic 
iron. The carbon of the bath is thereupon brought 
down to the desired point of only about 1 per cent. of 
carbon and spiegeleisen or ferro-manganese is added, 
and the m tapped in the usual manner. By these 
means the direct process of making cast steel is carried 
to a further limit ae pene been te ey accom- 

lish before, and no difficulty presented itself in carry- 
be it into effect. The steel so produced is equal in quality 
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TABLE No. IV.—Bar IRON MADE BY SIEMENS’ Direct Process.—OcToBER, 1876. 


Results of Experiments to ascertain the Tensile Strength, §c., of Six Pieces of Iron Bar received from the Darlaston 
Steel and Iron Company. 



































| Original. Ultimate Stress. Fractured. Extension.| % 
8 3 ae tr Stress per |_| 
& : } | | Square Inch : 5 
§ | Description. Per Square roe of Fractured . 28 
Zz : nchof | : ifference. Area. er 
. Size. Area, Total. Original | ‘Size. Area. | 4 nog per Cent. Inch. | Gent. 23 
© Area | <™ 
a al | ; < 
La es ae 
K | . ab. tons.) Ib. tons. 
4895 eee E. 3.00 by .64 1.920; 98.510 |51,307=23.0 | 2.53 by .51/ — 630 32.8 76.364 = 34.09 | 2.57 | 25.7 |Fibrous. 
3 in. by in. | | } 
4896| os F. 3.02 ,, .64 1.933 | 96.340 |49,837=22.2 | 2.50 ,, .50 | 1.250) .683 | 35.3 | 77.072=34.4 2.86 | 28.6 ” 
| Sin. by § in. } 
4891) Ae 8.03 ,, 55 | 1.666 | 82.490 |49,518=22,1 | 2.55 ,, 45 | 1.147| .519 | 31.1 | 71.918=89.1 | 2.28 | 23.8 Fa 
| Sin. by ,% in. | 
4893, *° CO. 3.00 ,, .64/ 1.920 92.680 |48,270=21.5 | 2.62 ,, .54 | 1.415) 505 | 26.3 reas 2.24 | 22.4 - 
3 in. by @ in. } 
4804 _ D.j802 , =i) 1,963 93.320 7.589 21.2 234 ,, 46 | 1,076| .887 | 45.1 | 86.728=38,7 | 336 | 336 | ,, 
Sin. by § in. | | 
4892| “-B.8,02 ,, .65| 1.963] 92.970 |47,361=21.1 | 2.55 ,, .53 | 1.351] .612 | 31.1 | 68.815=30.72 | 2.36 | 23.6 ” 
| Sin, by # in. | v= | 
| } 














Messrs. The Darlaston Steel and Iron Company, Darlaston Green and King’s Hill Iron Works, Wednesbury. 
99, Southwark-street, London, 8.E., October 24, 1876, 


to that produced | the open hearth process as now practised. 
If light scrap, such as iron and steel turnings or shearings, 
are available, these may be mixed with advantage with the 
batch to increase the yield of metal. 

These are, in short, the more recent improvements in the 
direct process of producing iron and steel which I have 
been able to effect, and which I should have been glad to 
lay before the Iron and Steel Institute in a more complete 
form than I able to do at the present time. 








THE PURIFICATION OF IRON.* 

On the Separation of Carbon, Silicon, Sulphur, and 
Phosphorus in the Refining and Puddling Furnaces and 
in the Bessemer Converter ; with some Remarks on the 
Manufacture and Durability of Railway Bars. 

By Mr. I. Lowruran Bett, M.P., F.R.S., Rounton 

Grange, Northallerton. 
Part II. 
Ar the meeting of the Iron and Steel Institute held in 


London last March, I had the honour of reading a paper | 


on the conditions which I conceived influenced the separa- 
tion of carbon, silicon, sulphur, and phosphorus from iron 
as they exist in the pig. 

I endeavoured upon that occasion to prove that the first 
two, viz., carbon and silicon, were’ expelled at moderately 
high, as well as at the more intense temperatures com- 
manded by the different furnaces and apparatus employed 
in the manufacture of iron and steel. The agent which 
effects the removal of these two substances, in each of the 
instances considered, was oxygen. In some, this is pro- 
bably performed by direct action, as in the Bessemer con- 
verter, while in others the oxidation of the carbon and 
silicon is chiefly produced by the fluid cinder, in which 
oxide of iron is the active agent. Sulphur existing in ver 
small quantities, as compared with the other three satel 
loids, prevents its behaviour from being so correctly studied 
as happens in their case. I am inclined, however, to the 
belief that the circumstances which determine the oxida- 
tion and removal of sulphur from pig iron, resemble those 
which cause the separation of carbon and silicon. 

Phosphorus, the remaining substance we are considering, 
seems to be influenced by a different condition of things. 
I quoted the experience derived from the Bessemer con- 
verter to prove that oxygen in its free state, or as oxide 
of iron, was almost entirely inert as regards phosphorus 
at the intense temperature which accompanies the Bessemer 
process. The blast was continued until a large quantity 
of the original metal was oxidised, and upon the occasion 
of a subsequent experiment, powdered hematite ore was 
poe into the iron without producing any very marked 
effect. 

When, however, melted pig iron was exposed to the 

action of fluid oxide of iron at lower temperatures, phos- 
phorus was rapidly removed. 
_ Inthis oe the phosphorus is, no doubt, converted 
into phosphoric acid by depriving a portion of the oxide of 
iron of its oxygen, and the acid so formed immediately com- 
bines with a second equivalent of oxide of iron; or, if the 
metal is in a higher state of oxidation than protoxide, the 
phosphorus seizes a portion of the oxygen, and the resulting 
phosphoric acid combines with the newly-formed lower or 
protoxide. 

Whichever is the true explanation, it would appear that 
the interchange of elements is not only preven by in- 
tensity of temperature, but that metallic iron by a fresh ad- 
dition of heat is enabled to rob phosphate of iron of its 
phosphorus. 

The facts as now stated justify the assertion that the 
order of affinity between the metal and phosphorus by 
differences of heat alone, is inverted in the manner referred 
to in my former paper. This was ascertained by a variety 
of modes of procedure. In one instance a specimen of 
Cleveland iron had been so well freed from its phosphorus 
that only .055 per cent. of this substance remained. 
portion of this purified metal was subsequently exposed to 
a strong heat, about equal to that of a puddling-furnace, in 
contact with the cinder used in its purification. At the 
end of 65 minutes the phosphorus had risen to .153 per cent., 
= rs hea hours the iron contained .365 per cent. of this 

mt. 


The iron previous to the two exposures just enumerated 


ous read before the Iron and Steel Institute at New- 





(Signed) DAVID KIRKALDY, 


was pretty homogeneous in texture. At the end of the 
first the exterior crust only was crystalline, but at the end 
of the second the mass was crystalline throughout. 

In my communication of last March, in speaking of the 
puddling furnace, I described the gradual removal of phos- 
phorus and of the three other metalloids by the operation 
| itself. I showed that the former was never completely ex- 

pelled, while the carbon, silicon, and sulphur were sus- 
| ceptible of being almost, if not entirely, removed. 

| This I explained by supposing that in bringing up the 
| iron, towards the end of the puddling process, to a welding 
heat, further elimination was either suspended or the 
| higher temperature at this -— of the operation enabled 
| the metallic iron to rob the cinder of a portion of its phos- 
| phorus. I further gave it as my opinion that the difficulty 
| of securing a perfect uniformity of conditions renders the 
puddling process one of some uncertainty, particularly 
|as regards the removal of the phosphorus, which, when 
unusually high in quantity, is apt to be a source of great 
| inconvenience. 
Before proceeding with a further examination of the 
|more immediate subject of this paper, I would invite the 
| attention of the Institute while I explain some of the prac- 
| tical results obtained by the actual use of the iron in the 
| form of railway bars manufactured by different modes of 
| treatment, all bearing more or less directly on the question 
| before us. ' . 
| Inmore recent times, rails have exhibited earlier signs 
| of giving way under the hardships they have to encounter 
| than was the case in former years. Personally I consider 
| this not to have been conclusively proved on really satis- 
| factory grounds. No doubt every company with properly 
| kept accounts is fully conversant with the duration of the 
life of their permanent way. For the purposes of exact 
calculation, however, proper allowance must be made for 
| the heavier engines at present in use, and for the large 
increase of traffic when compared with what prevailed 
at and for some time after the first introduction of 
railways. 

There is at the same time no doubt that rails, made to all 
appearance in the same manner, differ considerably in 
quality when measured by their powers of endurance. 
From this uncertainty even steel rails are not entirely 
exempt: This and the inapplicability of Cleveland iron for 
the manufacture of Bessemer metal, as well as other con- 
siderations, induced the North-Eastern. Railway Company 
to endeavour to ascertain whether an iron rail could not 
be produced free from liability to laminate, and with its 
surface so hardened as to lessen the wear from gradual 
abrasion. 

Since the experiments undertaken in this direction were 
first begun, the difference of price between steel and iron 
rails has ually diminished, so that at the present 
moment rails of the latter material can be purchased for 
10s. per ton above that asked for those of iron. With so 
small a margin, the directors had no inducement to per- 
severe in an attempt which, afterall, could not be expected 
to aim at more than producing an equally good article to 
that furnished by the Bessemer or the open-hearth process. 
The object of my remarks at present will be directed 
towards showing upon what grounds, in a manufacturing 
point of view, this determination has been founded. Before 
entering upon this question, I may observe that the rails 
used by the North-Eastern Railway roeeg are double- 
headed, with a depth of 54in., weighing 82lb. per yard. 
The test employed for ascertaining the strength was that 
of a falling weight, which, unless otherwise expressed, was 
one of 672 1b. falling on the rails placed on supports 3ft. 
apart. 

Phe composition of the iron rails made in the ordinary 
way from piles in the North of England, from Cleveland 
pig, is exhibited by the following analyses : 








| Phos- | Man- 





| | 
— |Carbon. Silicon. aed phorus. | ganese. 
A.. | 283 | 163.| 11 | 810 | 924 
Vee es ae | 037 | *.819 709 
o... or Se trace | .124 363 trace 
D... | 1150 | trace | .050 | .247 302 





The following trials with a falling weight were made 


on the two rails marked C and D: 








| Deflection before 


Blows in Feet. Fractare. 


Weight. | Bearings. 


lFive 8—5—8—10and 12/4} in. not broken 
|Six 3—4—5—6—7 and 8) 2} in. broke 





1200 Ib. |2 ft. apart 
1200 ,, |3ft. ,, 


© aot 
D...| 
| 


With the weight of 672]b., the results given below were 
obtained, the bearings being also 3 ft. apart : 








| ‘Deflection before! 





Blows. a of Blow. conga elnny | od 
6 |  5ft.each fs Not broken 
6 | 5 ” 3a ” 
5 | b ft. to 16 ft. F) Broke 
3 | ? ” As 
ee lee eb ¥ 4 
5 |] 8, B,| Ys v 
| 








The general fault of such rails as those just mentioned 
was rapid wear, manifesting itself in many cases by the 
head crushing under the weight of the train, or separating 
into layers, the latter due, it is believed, to the imperfect 
welding of the pile out of which the rail was formed. 
many instances the defects referred to showed themselves 
in a few months after the rail was laid down, but seven or 

ight years may be regarded as the average life of the 
ole when exposed to the traffic of the main line. 
A year or two ago, Mr. T. E. Harrison, the engineer of 
the North-Eastern Railway Company—a gentleman who 
has given great and unceasing thought to this subject— 
drew the attention of the directors to the fact that out of a 
large quantity of rails laid down from 12 to 16 years ago 
on the main line, something like 60 cent. of the who 
were still in use. They were from different makers, but all 
had been submitted to a process known as Dodds’, which 
consistedin exposing the rails in a close retort to a mixture of 
charcoal and soda ash from 60 to 75 hours heated to redness. 
By this treatment the outer surface was converted into 
steel to an extent which will be subsequently explained. In 
the amount of phosphorus and other ingredients which 
might be supposed to act prejudicially to good quality, 
analysis did not divulge any su yo g possessed by these 
— - compared with those which proyed so much less 

urable. 

The accuracy of this statement may be judged of by the 
following figures : 


Analysis of Wearing Surface of Case-Hardened Rails. 


e 
Ww: 








Carbon 
sa Sul- | Phos- 
s alined! Silicon. phur. | phorus. 
A After 14 years’ wear 190 025 370 
a 99 -170 .025 .272 
phe 180 | .029 | .334 
> '*) he fe the 108 | .003 | .265 
7 cess, oe - ne sa .031 -420 
 . sue oe a 452 -126 .008 -382 
S-.5 99 .608 .276 .047 361 
H ,, 15% 99 .500 173 -020 -381 




















In the case of F', it may mentioned that the loss of weight 
after the 15 years’ wear amounted to only 6 lb. per yard, 
and that G formed part of 1660 yards laid down near Mil- 
ford Junction, in which the wear only reached 4b. per 
yard after a similar period’s use. 

The cause of discontinuing 15 years ago the use of rails 
which ultimately gave such satisfactory results was, not the 
cost of the case-hardening process, which could be done for 
12s. 6d. per ton, or less, but the effect of the operation on 
the strength of therail. This was sometimes so impai 
that many rails broke by the action of the trains. the 
other hand, those free from this defect have worn in the 
way described. 

With these facts before them, the directors determined 
to ascertain, firstly, whether a malleable iron rail could not 
be obtained with such an original in of strength as to 

rmit some sacrifice in this respect without danger to the 

raffic ; and, secondly, whether the case-hardening process 
could not be so conducted as to avoid seriously weakeni: 
the iron, which, as we have seen, happened only wit 
occasional rails. . 

The power possessed by mechanical puddling, like that 
commanded by the Danks furnace, afforded the means of 
obtaining the iron in pieces sufficiently large to make a rail 
without having recourse to welding separate bars together 
—a source of danger, asit is believed, to the stability of 
the bar. 

In addition to the advantage just named, it would seem 
that the operation of puddling, as performed in the rotary 
furnace, is more perfect than is effected by the old plan, so 
far as a tion of those substances supposed to influence 
prejudicially the strength of the product. 

(To be continued.) 








Port Saip.—The coast at the mouth of the Suez Canal 
at Port Said is advancing outward at the rapid rate of 
about 50 yards per annum, and it is estimated that the 
necessity for extensive dredging will be greater yeur by 

ear. ot less than 937,000 cubic yards of deposit had to 
5 removed in 1875, while the ing of 161,000 cubic 
yards sufficed in 1871. The British Government 
ordered a new survey of the coast between Port Said and 
the Damietta mouth of the Nile, in order to ascertain the 
actual condition and the rate of increase of the sand-banks, 
and to see if any plan besides dredging can be adopted to 





check the growth of the obstruction. 
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THE CLAUSTHAL LEAD-SMELTING 
WORKS.*—No. III. 
By J. CLARK JEFFERSON, A.R.S.M., Wh. Sc. 

Pilz's Eight-Tuyere Round Furnace.—This furnace, 
as its name indicates, has eight water tuyeres, which 
are symmetrically arranged round the furnace, 
which is built detached. ‘The shaft of the furnace, 
which is surrounded with a casing of shect iron, is 
supported by four cast-iron columns also arranged 
symmetrically, and has a total height of about 22 ft. 


The horizontal section of the furnace, which is | 


circular, gradually increases from the hearth (where 
it is about 4 ft. 9 in. outside diameter) upwards to 
the top of the shaft, which is the widest part both 
inside and outside, the outside diameter of the casing 
at the top being 6 ft. 3 in. ’ 
The water tuyeres, which are situated at a height 
of about 14 in. above the tapping hole, are cooled 
by a stream of water delivered from a common main 


| and by gradually revolving the horizontal pipes, the 
| opening can be made less and less, until when the 
| pipe is completely rotated the blast is entirely cut 
| off. By thus regulating the position of the pipes 
| the area can be made less, and consequently the 
pressure at which the blast enters the furnace is 
reduced at pleasure. The pressure of the blast as 
delivered to the circular main surrounding the fur- 
| nace can also be reduced or entirely cut off by means 
of a slide valve in the branch pipe from the main 
| under the floor of the smelting house to the furnace, 
The original diameter of the hearth, at first about 
| 4 ft, 3 in., was reduced to 3 ft. 9 in., which made the 
furnace more approximately of the same size as the 
others, and as a consequence a pretty near approxi- 
mation of the results obtained with it to those ob- 
tained with the other round furnaces. It appeared at 
first as if the furnace hearth was too large, and that 
| the centre of the furnace could not be brought to the 
| same heat as that portion nearer the tuyeres, since a 
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surrounding the furnace at a convenient height above 
the tuyeres, the heated water being carried down by 
era an open channel surrounding the furnace. 
e tuyeres themselves are about 23 in. apart centre 
to centre measured on the outside of the casing. 
The four cast-iron columns supporting the shaft 
of the furnace have lugs cast on them, on which rests 
& circular blast pipe surrounding the furnace, 
and connected with the main blast laid down be- 
neath the floor of the smelting house. From this 
circular main eight vertical pipes descend, having at 
their lower ends inverted J joints. In the hori- 
zontal portion of these joints the eight horizontal 
blast pipes are so fitted as to slide backwards 
and forwards, and to be rotated about their axes, 
the joints being air-tight. On the upper sides of 
these eight horizontal sliding pipes, circular holes 
are cut out to correspond to the vertical blast pipes, 


* For preceding article see page 140 ante. 








black central mass was often found to remain, which 
could not be smelted either by mong “ee pressure 
of the blast or using lighter charges. e supposed 
advantage in using eight tuyeres in the place of four 
appears to have been very doubtful, since it was 
found best to push four of the tuyeres somewhat in 
advance of the remaining four, and to do. this alter- 
nately, The formation of bears was found to be 
greatly prevented by these means. 

The waste gases from the furnace are caught by 
means of a funnel inserted with the mouth down- 
wards in the charge, the under edge of the funnel 
being about 18 in. below the level of the charging 
floor. The upper end of the funnel is attached toa 
pipe leading to a flue which passes to the condensin 
chamber, the smoke and fume which are not conde 
pass along an underground fiue about 140 ft. long 
to a short chimney built on the slope of the hill to 
the back of the smelting house, The advantage of 








catching and leading off the gases by inserting a 
sheet-iron cylinder some short distance into the 
charge, lies probably in the fact that by this arrange- 
ment the gases, &c., are caused to truverse the more 
central part of the charge, with a less liability to 
induce the formation of incrustations, &c., than when 
the fume is deposited on or near the sides. 

The following are some of the principal dimen- 
sions of this furnace : 

Total height from the floor of the smelt- 


ing-house to the top of the charging ft. in. 
opening ... ris Me Si bie 22 0 
Height from floor of smelting-house to 
the ing floor i Ae a 20 0 
Height from floor of smelting-house to 
the top of the hearth-plate ... Si 3 10 
Height from floor of smelting-house to 
the level of the tuyeres... ius a 4 4 
Inside diameter of the furnace at a height 
of 2 ft. 6 in. above the smelting-house 
oor sa in 7 <3 ay 3 9 
Inside diameter of the furnace at the 
level of the charging floor he iad 6 3 
Enlargement of diameter of the furnace 
upwards per foot kes a “a 0 lt 
Height of circular blast main above the 
smelting-house floor... &. 43 8 0: 
Depth to which the fume and waste-gas 
pipe is inserted below the level of the 
top of the charging opening ... ae 8 6 
Compared with the detached round furnace to be 


next described this furnace requires a great amount 

of labour. It was first blown in in October, 1870. 
The Four-Tuyere Round Furnace (Detached).—This 

furnace is shown in Fig. 11 in front elevation, in 

Fig. 12 in sectional elevation, and in Figs. 18 to 16 

in horizontal section. In these figures :. 
a represents the shaft of the furnace. 

iron charging funnel. 

waste-gas pipe. 

circular blast main. 

four vertical blast pipes. 

revolving or socket blast pipes. 

four water tuyeres. 

flue to condensing chamber. 

sheet-iron casing. 

circular bearers carrying the sheet iron 
casing. 

iron-tapping hearth. 

fore hearth. 

breast stone. 

iron column aupportite the bearers j. 

copper piping for the water for the 
tuyeres. 

outlet water pipe from the tuyeres. 

cast-iron cistern for water from the 


tuyeres. 
perforated sheet boxes to prevent a 

stopping up of the pipe p. 

i cast-iron foundation cylinder. 
t 99 slag gutter. 

This furnace, which is in the same building as the 
furnace we last described, is built on a ‘cast-iron 
foundation plate l}in. thick. On this foundation 
plate rests the main (brick) wall of the building, 
which is about 4ft. in height and 4 ft. 2 in, inside 
and 7 ft. 2in. outside diameter, that is, the wall is 
built two bricks thick. The central space enclosed 
by this brick wall is fitted to a height of about 
2 ft. 3in. with slag bricks, i.¢., bricks made by 
running the slag from the furnaces into large-sized 
moulds.* On the top of these bricks a layer of clay 
about 1 ft. thick is well stamped down, and the whole 
covered flush with the top of the brick wall, and the 
cast-iron casing, which surrounds the whole, by 
ordinary bricks. In the centre and forming the 
bottom of the hearth, or on which thé hearth is 
formed, rests a slab of fire sandstone ]6in. thick. 
On this foundation the shaft of the furnace is built, 
the lower portion for a height of about 7 ft. being built 
of firebrick, the remaining 10 ft. being built with 
— bricks, the whole being built two bricks 
thick. 

The horizontal section of the furnace, which is 
circular, gradually enlarges from about 3 ft. in 
diameter at the hearth to 5 ft, at the extreme upper 
end. The bottom of the furnace is hollowed outina 
cement made of clay and coal dust, which rests — 
the slab of sandstone. The total height of the fur- 
nace from the floor of the smelting-house to the 
level of the charging opening, is about 25 ft., the 
top of the boshes being about 3 ft. 6 in. below. 

‘his furnace, as its name indicates, is provided 
with four water tuyeres, which are placed symmetri- 
cally round the furnace; the diameter of the inside 
of the hearth being at this height about 3 ft. gives 
30 in. as the distance apart of the tuyeres from centre 
tocentre. The water for cooling the tuyeres is sup- 


* From the description of the Clausthal Ore Dressing 
Works our readers will find that some of the buildings were 
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lied from a circular water main, supported at a 
Reight of about 6 ft. above the floor of the smelt- 
ing-house; the heated water leaving the tuyeres is 
carried off by a pipe surrounding the furnace a 
little lower down. 

In order to carry off the waste gases a sheet-iron 

iping about 20 in. in diameter is inserted into the 
a about 6 in. below the top of the boshes, the 
upper end passing to a condensing chamber. The 
fume and smoke not condensed is carried away in a 
flue common to the furnace last described. 

It will be evident from the construction of this 
furnace that it has all the essentials of Kast’s cir- 
cular furnaces with the advantages which render 
detached furnaces more easily managed, and since 
being first blown in in Jane, 1872, appears to have 


given general satisfaction. Between two of the SiO cot. em Oe =. — 
tuyeres is situated the fore hearth as well as the Al, O; 5.15 3.69 2.73 4.95 
8 gutter. me o ry | 7 "on 
he following are some of the principal dimen- a . . : . 
sions of the Sesmane : ies M vs 1.30 0.83 3.09 
: ‘ CuO 2.26 1.90 1.77 3.71 
: ft. in. MnO via 07 5 2.34 
Inside diameter at the level of the Cu,0 Zn0 ... 98 1.54Zn0 3.80 
tuyeres... ove ose ove oes 2 10 ~ 2.08 1.73 1.58 2.45 
Inside diameter at the level of the charg- PbO = om ees 1.33 
ing floor ... ove a oes ion 5 60 Sb 7 04 
Height of top of charging funnel above Nio <i 33 
the charging floor poet pati “se 5 0 K,0 1.19 
Total length of supporting columns 1 8 Na,O im 0.60 
Outside diameter _,, ie * see 0 6 whims ited imi omnis 
Height of ring on the supporting columns 99.30 100.26 99.27 100.39 
above the floor of the smelting house 11 10 ’ 
Breadth of slag gutter . mow. £ @ The question of the proper substitute it was 
Diameter of tapping pots... _... 3 2 evident would become more a matter of price than 
circular blast main... 0 10 


After having described the furnaces used for 
smelting the schlieg or fine ore, it will be best to 
proceed at once to the consideration of the smelting 
operations. It may appear singular to some of our 
readers that the number of furnaces for ore smelt- 
ing so much exceeds that of those for the other 
operations, regulus smelting, &c. This is due not 
only to the nature of the smelting operations, but 
more especially from the fact that the schlieg or ore 
smelting is concentrated at Clausthal. For some 
years past this policy of concentration has been 
more rigidly followed out than before, in order to 
obtain all the advantages from a simplification of 
the operations, and of working on a large scale, 
Hence, whilst the preparation of lead for the market, 


smelting works of the Upper Hartz has become so 
great, that it became in turn necessary to seek some 
substitute to replace the use of these slags as their 
use had previously replaced that of iron, with this 
difference, however, that the latter change was owing 
to the failure of the supplies, for not only were the 
old accumulations fast used up, but their production 
was greatly lessened from the fact that a large 
quantity of the copper obtained at the Oker Works 
began to be produced in the wet way as copper 
vitriol. A still further extension of this mode of 
treating the copper ores was also contemplated, and 
hence there appeared every probability of the entire 
cessation of the use of copper slags in the ore smelt- 
ing furnaces, 


before, for as we have previously stated, the only 
expense attending the use of the Oker slags was the 
carriage from Oker to Clausthal. Iron and iron ores 
might be used but were expensive, and the idea 
would naturally occur of looking for a substitute 
among the accessory products of the various smelt- 
ing works, more especially to the residue left from 


the smelting. As this residue contained copper 
which might be advantageously extracted at Oker, 
it was to be expected that there would be an ad- 
ditional expense to that of carriage, and that the 
management of the Oker Works would naturally 
put on as favourable a price for themselves as 
possible. There was, however, the expectation that 
this copper would also be obtained as black copper 
at Clausthal, and somewhat counterbalance the 








of copper, and of silver i Sag ae &c., are concen- 
trated, each more especially in one of the smelting 
works of Lautenthal, Oker, Altenau, &c., that of 
schlieg smelting is that which is essentially carried 
on at the present time at the Clausthal Works. As, 


extra cost of this precipitating material. Its com- 
position is given in the annexed analysis,* and from 
the percentage of iron which it conteins its suitability 
was to be conjectured : 





the wet extraction process as the slags were from | P® 


Composition. 
r cent. cent. 
Silver in the work lead PO.16 pee . 
a >» leadregulus .. 0.029 0.03 
Lead in the regulus ... 8.0 8.0 
Copper in the regulus... 6.0 6.5 
Lead in the slag ose 0.36 0.39 


On comparing the analyses of the residue from 
the wet extraction process and that of the Oker 
copper slags, it will be seen that the latter contains 
nearly twice as much copper as the former, and 
hence the only difference in the composition of the 
results obtained is re ny se and this arises also 
from the fact that weight for weight about twice the 
amount of slag is added to the charge as of the wet 
extraction residue. The difference in the products 
appears to be 8 per cent., or one-thirteenth more 
copper is obtained with the use of copper slags than 
with that of the residue. This difference is, how- 
ever, considerably less than was to be expected 
from the composition of the charge, and is probably 
due to the fact that the above analyses are only ap- 
proximate, or that more of the copper may have 
passed into the slag in the one case than in the 
other, which might be brought about by a slight dif- 
ference in the condition of the furnaces. 

From the above Table it will be seen that 22 cwt, 
of the extraction process residue sufficed to replace 
53 ewt. of the Oker copper slags. 

In the first case, as with the extraction residue, 
37.7 cwt. of coke were used per 100 cwt. of ore, 
and the smelting was effected in 32 hours, whilst 
in the comparative trial 43.3 cewt. of coke were 
required and the smelting occupied 34 hours, This 
extra ——- of fuel and greater expenditure 
of time is evidently due to the fact that the extrac- 
tion residue contains proportionately more iron by 
which the silica in the ore is more readily fused, and 
besides this there are 26 cwt. more material in the 
charge to be smelted per 100 cwt. of ore in the com. 
rative than in the experimental trial. As the 
ratio of 53 to 22 is about 24 to 1 it was evident, if 
the cost of the extraction residue at Clausthal (in- 
cluding carriage) was 24 times that of the copper 
slags according to weight, that the use of the extrac- 
tion residue in the place of the copper slags would 
give financially the same results. 








THE PENNSYLVANIA RAILROAD. 
No. XL.—Locomotives—(concluded). 
TABLE XXIII. shows the detailed cost of a class 
‘“*C” anthracite engine with four 62-in. coupled 
wheels, 17-in. by 24-in. cylinders, and weighing 
30.64 tons, Factory expenses have to be added to 








however, the production of black copper and the SiO, 5.30 the total amount of 1606/., and taking these as before 
cupellation of the argentiferous lead are occa- Ne Ey > at fifty per cent, of wages paid we have 1815/. as 
sionally carried out at Clausthal we shall describe SbO "45 ‘12 Sb the total cost, Deducting 300/. as cost of tender, 
them afterwards. . Fe; O; 77.77 54.44 Fe that of the engine remains at 1576/., and the whole 
The schlieg or ore smelting is essentially au iron Al, Os 3.74 expenses may be summarised as follows: 
precipitation process, and is effected by smelting ZnO 31 .25 Zn £ 
the ore in conjunction with iron or substances con- MnO 36 28 Mn Cost of material in engine ... ww «887 
taining iron. There is perhaps no better reducing os 1 99 oy, tender. — axe 150 
nt for lead than iron, which has ~ additional CaO 3.32 Amount of wages in —~ is = 
vantage of being comparatively cheap. It was so 4.83 ” 9 er ... 
at Clansthal as qevuhene Gant a in the metallic _ .20 Factory expenses os — = = 
state, but as soon as it was proved that cheaper and MgO 17 = ” 33 Pst 9 
almost equally effective ucing agents could be 300.30 1815 
more readily procured, the use of iron in the Taste No. XXIII.—Cost of one Class “ C”? Anthracite 
metallic state was abandoned for better substitutes. Accordingly, in the year 1873 experimental trials Locomotive. 
There were at that time large quantities of slags | were made with this residue, and at the same time dolls. £ 3. d. 
lying at Oker produced from the copper smelting |for the sake of obtaining a comparison, a compara- see lite =a = ; : 
works, and these containing a large proportion of | tive trial was made with Oker copper slags. The pe - Te : 
iron were therefore well suited to act as a reducing | following is a tabulated statement of the results of stores... ve 141.66 25 15 10 
agent in the schlieg smelting furnaces. The ores | the trials, 8,687 Ib. Rolled iron ‘ie . 232.47 42 6 6 
smelted at Oker are chiefly copper pyrites obtained Charge. 10,493 Ib. Hammered iron... . 814.79 57 6 3 
from the Rammelsberg mine, near Gaslar. These Experimental Comparative | 16,608 - 7s, > = ? 2 = 
slags having been accumulating for some time were trial with the trial with 6 7: = Cast dri So in Nee 12080 21 19 11 
in very considerable quantities in the neighbourhood — from pny eay 17 Ib: Bussia irom ~ 880 OW 2 
of Oker, and as they were of no further use in the ee aoe on 175 Ib. Boiler iron... . 10.50 118 3 
“ ;. Pr process. Copper Works , 
smelting operations at the Oker Smelting Works, owt. oak. 150 Ib. T-iron 7.50 17 4 
the only expense incurred in obtaining them for the | Ore (schlieg) 100 100 318 Ib. B. — . iseee B = = 
Clausthal Works was that of carriage for a distance | Roasted regulus ” 57 57 = > ee, = : 0 6612 8 
of about 14 miles. These slags were therefore for a| Extraction process residue 22 - 1,693 Ib. Angle iron... * 59:98 10 15 10 
long time the principal precipitating agent used at | {opper slags from Oker |. i 46 4,687 Ib. Tank iron ... : 281.21 51 0 0 
the Clausthal Smelting Works, Their approximate — a one udiiion ie | 60 428 Ib. Planished iron . 55.70 10 3 4 
composition will be seen from the following analyses. | Lead fume ae OE 1 813 lb. Stay bolts ... ans : . 3 
Besides the slags from Oker, the cogger slags and — — me. = Seal (hallo end shoot)... 0a (716 8 
the roasted lead regulus obtained from these furnaces 291 317 346 Ib, Old steel... aaa ae i 
themselves were used, but as they were produced in Products. 8,888 Ib. Boiler steel iti " 799.88 145 12 10 
but comparatively small quantities for the require-| Work lead 55 55 866 Ib. Cast spring steel ... . 73.59 13 8 0 
ments, the Oker slags may be considered essen-| Lead regulus 66 66 i ». Siz. re 1 wid : a - : : 
Gates tems agents used for s long || the analyses and numerical details respecting the| 1,070 Ib. Bronze ~~ 912.40 @ 6 10 
r . charges, &c., contained in these papers we are indebted to 656 lb. Brass os . 131.20 : 
Although these slags had been accumulating for | Herr F? Wunderlich, of the Imperial Mining Academy, 7 Ib. Sheet brass 214 07 1 
a considerable time, still their consumption in the | Clausthal. 61 lb. Copper 19.33 310 
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a £& s.d. dols £ 
10 Ib. Babbitt metal... 50 09 1 21b. Filli -_ s. d. dols. £ 8. d. 
ae eee” nef} 2 Ib. Filling wig 4.40 0 16 9 8 Axle box shoes 942 112 3 
ae oe 21 1683 25 Ib. Dark Brunswick gree 10.00 116 5 pp io te be ek 
Nuts 60.08 10 18 10 4b. inocie teow 1 ae te _ Journal brasses ... esi 2.26 08 $ 
17 1b. Washers 0.51 0 110 14 gal. Black Japan varnish 180 066 5 pairs atodl omg axle Hoss 107 it 
ails a oan 2 gal. Rubbing varnish 7.70 17 6 ae Cre 
Screws .. .. « 841 012 9 ” Finishi amar iad 8 Steel crank pins ... 42.95 714 9 
16 lb. Casing screws 0.52 0 110 1 ~ Boke dae 103 : . 6 4 Eccentrics... see ase 24.00 47 e 
16 Ib. Lagging serews .. 0.94 0 38 5 gain : sr i ee 
. Copper rivets io | BMRB Oe 48 MOUAL.., ae . 
2 = May os andcams .. 1485 214 1 Th —— pig rir aac ltes +H Th: Shee rubber se e S14 3 18 A 
ruck frames(material).. 5.66 1 0 6 e weight i : . ‘ r bi 
ee Re Se: hee tee = yor engine being 30.64 tons, and 8tlb.Blackrubber _-.. 4.66 017 0 
441 ft. Water grates 70.56 121611 y Say, ons, we have : —— gauge cock ae 1.09 90 $11 
 . eee 4.00 014 7 Cost of material geet’ £ tow pipecock .., eee 268 09 7 
1937 ft. Boiler tubes (2-in.) 522.92 95 4 3 per Sgn Sc onaane 28.9 facecock ... .. 3.75 013 8 
29 ft. Tube ends (24-in.) 19.51 3811 0 Cost of Inb ‘. £ tender 15.0 4C linder cocks 6.00 1 1 10 
= ne a for em bars 3450 6 5 7 ee ee tome 10.0 jaa = wr 340 } % 3 
- Steel pump plun; 5.30 a oe : y se ove at 
6 pairs Wheels pr — 378.13 68 10 4 Factory expenses per ton of engine... 6.1 pe ae cocks ii 202 07 4 
4 Steel crank pins ... . SL68 515 5 Potel wens ‘ois of tender ... 5.0 1 Senge cocks on 649 13 8 
2Steel driving axles (1748- xpenses per ton 0 ler 49.3 ne cock oe 2.38 08 8 
poun si a 26 410 9 ” nder 30 by cock ... se 221 08s1 
wi ck cs es 17 7 31] ‘Table XXIV. shows the detail sie oe 6.50 1 3 8 
4 Standard steel tyres (3994- [V. shows the detailed cost of one ‘IT po. .. . 86  O2o8re 
oe” a 69 11 9 | Class locomotive, a powerful engine for working freight 1 Spring balance. .. 1195 2198 
10 ft. Steam pipe 3 2 6 |and heavy passenger trains, ‘This engine has four Pt ape safety valve 8.60 111 8 
ee 8 2 5 | pairs of driving wheels 50in. in diameter, cylinders iin Se SS Oe 
; a. - : , or oa 
1 Steam donee cock ¥F 4 2 ear. at nypsor, we eonist P33 ene 3 Balle pump Plungers ue 23 3 
+ Secieot ool 365 013 3 1 8 i., of which 722/. are for labour. ~~ er check valves 30.70 511 10 
1 Tank cook ... 204 #207 4 As in the other instance, only gas and stores are m pipe... a . 99.90 8 811 
[ek 0:97 0 3 6 | allowed for as factory expenses, and if the additional ED on 9 gauge «we 18.50 2D 2 
1 Blow-off cock = « 4.27 015 7 | proportion be added, the total cost of engine and 1 Stean yong - 1190 8 3 6 
4 Cylinder cocks 6.40 1 3 3 | tender is raised to 2194/. In this case the sane = eee 
1 Blower cock 6.30 1 211 ; 1Whise ~~ = 2 eee 
1 Feed-pipe cock 2.40 089 £ 4H drail Ag : «» 10.00 116 5 
4 Gauge cocks 630 1 211 Cost of materialinengineis.. ...  ... 957 3 Suivel tees 2.09 07 6 
2Heatercocks . . 486 01511 pa - tender... ... ... 150 2 Spirals 124 0 4 6 
2 Port cocks... wa ws ae 09 4 Amount of wages in engine ... Sai .. 622 4 ts se ae 113 0 4 1 
2 Tallow cocks . 654 1830 * ie eS cai + 2 ae 
1 Journal brass a a Ol1 6 Factory expenses in engine ... ove os ©=— 12 Oil wu oT - 2.96 010 9 
4Driving box shoes) 4. 94.80 0:17 5 Ste: en ta et came oe A ae 
4 Track boxes 4000 7 5 8 ee sin eoilcups .. avs 209 07 6 
4 Driving box wedges 4.80 017 6 2194 oo oe ee 
4Hose nuts... « .. 400 O14 7 ; noe. ~ 3 eee 
SGwives ... « «wo 100 03 7 The weight of this engine being 36.65 tons, and 2 Hose train ~~ ee eS 
+ Se ongns ager = : : . that of the tender 10 tons we have : 2 Tank staninens 348 0 12 A 
ose nut sleeves ... : v 
eee J 36 ft. Steel netti: 80 
Mud plugs... 00 «0 a i ee. 119 4 
2 iain wales eee 475 0 3 H Cost of material per ton of engine... .. 26.1 3 = ee of tin ie es 688 15.0 
GHandrailteess ... .. 540 019 8 9 tonker .. . 15.0 . ye wire, face plates, 
Casing nuts for cylinders 0.52 0 Cost of labour per ton of engine ... .. PF an “See So Pl 9 3.4 012 7 
2 Tank valves and seats .. 3.70 0 ” ” tender... - me 2 Tank vals ugs, &e. ” 0.91 034 
1 Boiler check valve «. 5.35 0 Factory expenses per ton of engine 8.6 Packing a S 34 0 Q H 
lInjector ... pee ee 64.98 1 ” ” mder... 5 : Page 7 pie aes ° 
1 Safety valve bat 137 1 5 : Total expenses per ton ofengine .. ... 51.6 1 pole ~ a slides, two pairs 
2 Cage plugs , ee ae eae » » tender .. ... 30.0 cabana.” °° ca ae 
2Spirals .. as a aa pag er Aeagy ony &e. ves 14 05 8 
8 Face plates id . £28 €@ 2 Taste No. XXIV.—Detailed Cost of one Class ‘‘I”’ 575 ft. Michigan pit ve v 196 07 2 
3Unions ... ont a 2 08 5 Locomotive. 400 ft. yas ane pine + 40.82 79 8 
4 Eccentric straps .. . 26.24 415 7 dols. £ 8. a. 190 ft. Poplas oe 15.58 216 9 
4 Acorns ow | 884) O18 8 Labour... wu 9968.03 72210 3] 40fe Chery “Ol 960 0 810 
4 Packing rings 922.72 41 4 Proportion of gas lighting . enon 2 2. ct i ee 
Pump jointrings.. <.. 034 01 3 eee ne unl she... eee 
1Spring balance .. .« 11.25 2 1 0 Proportion of fuel and ; 60 ft. Hicko: Mey per 17.00 63 11 
1 Richardson safety valve 8.60 110 3 stores 196.88 351611 378 ft. Yellow, ine “? 3.00 01011 
1Signal bell... .. .. 427 015 7 | 18,8961b.Castings at 2cents |.. 367.92 66 19 itt. . = i ean 
1 Whistle $23 O11 9 | 8079 Ib Forgings ss 7. 381.29 42 22 sien 2 2 Pe 
4 er po vt 119 0 4 4 9,260 Ib. Cast wheel centres at 2 20 Ib. Filli ae 
pipe nuts... see , 2 obi ae a : _ nr ¥ 
1 Bellfield steam gauge... 1133 2 1 3 35} Ib. Boller iron at 6 cents .. 731.09 3 16 4 “9 Ib Pe net ap : = 7} a Be 
3 Feed pipe joints... 0.42 © 1 6 | 17,003 1b. Hammered iron at Scents 510.09 9217 7 Gb. Dub eemhene- sso 
6 Side rod oil cups... 4.92 017 6 | 1,525 1b. Angle iron at 4 cents 61.00 11 2 1 time a te. 
8 Steel guide bars .. sooo 9 21 | 4d IbTaskiron ot Goente <. 99008 58.5 7] 2g Venh we cl 7 O18 
2 Feed pipe sleeves ... Om 02.7 | “suOlbSiny bollaat 4} cents “9825 "619 -5| | 2gale- Block Japan varnish “240 0 8 9 
2Side rodoileups .. .. 0.80 0 210 oes be Fitdsd conics Gs ti 4 4 lginieiiaewes 4 08 9 
1 Boiler check valve joint... 0.25 0 011 280 lb. T-iron at 5 cents 1400 21011 ioe varnis ote 3.75 0138 8 
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Figs. 1, 2, and 3 show two plans and a profile of | 


this line, and indicate the positions of the contact 
indicators on each section. It will be observed that 
the two sections are respectively marked A and B, 
and to these letters the various series of trials are 
referred. The total length of section A is 500 metres 
(1640 ft.), of which 1312 ft. are on a falling gradient 
of 1 in 125, and the remainder on a falling gradient 
of 1 in 200. It was considered that the greater 
incline of the last 100 metres would be of little con- 
sequence, as all the trains would probably be pulled 
up within the 1300 ft. At the foot of the short 
gradient of 1 in 200, the line is horizontal for a 
distance of about 1500 metres, when it begins to 
rise on a gradient of 1 in 200. At the end of 





























Fig, 7. 


this horizontal length 1640 ft. of trial line was 
prepared, and constituted section 3B. Each section 
was divided into fifteen lengths of 33} metres, by 
16 posts, opposite each of which a contact ap- 
paratus was placed on the rails. Close to the 
starting point a second contact apparatus en- 
abled the observer to note with more facility the 
starting point of each diagram. Similar apparatus 
were also attached at intervals of 334 metres over a 
length of 100 metres on approaching the trial line, 
in order to ascertain the speed of the train before 
the diagram was taken. All the contact apparatus 
were connected by a wire leading to the recording 
apparatus at Guntershausen. Each trial line was 
marked off in lengths of 5 metres, so that the dis- 
tance run could be read off with facility. 

The leading requirements of the contact apparatus 
were as follows: 1. During the period of contact 
with the front wheel of the engine to close con- 
nexion with the recording apparatus. 2. To close 
the circuit both at high and low speeds for at least 
one-tenth of a second, 3. To be independent of the 
influence of weather. The contact apparatus is 
shown in Figs. 4, 5, and 6. When the first wheel of 


is depressed, turning the spindle 4, and the motion is 
transmitted through the levers c and d to the spindle 
e which carries the contact piece f, through which 
the circuit is closed through g. The wire 4 connects 
the aj paratus with the main wire. A counterweight 
is connected with the spindle e, which causes the 
spindle, and with it the contact piece /, to oscillate 
for about .10 second, thus effecting a contact of 
greater duration than would be possible by a simple 
depression and release of the lever a. Insulation of the 
wire 4 is effected by passing it through an ebonite 
disc, as shown. The spiral spring 4 draws back the 
lever f into position after contact. The whole 
apparatus is covered with a sheet-iron casing. 


the train comes in contact with the lever a the latter | 


justed to any desired angle. 


ing a third hair line c by means of the micrometer 
screw g over one of the contact marks, the time be- 


| tween this latter and the second covered by one or 


other of the hair lines a and 4, the time can be read 
off by the scale f to one-hundredth part of a second. 
Then by shifting the paper to the next seconds mark, 
and by placing the hair line ¢ exactly over the 
adjacent contact mark, the time occupied by the 
train in passing between the two contact marks is 
ascertained, and the speed of train deduced. Fig. 12 
shows two small reflecting discs for watching the 
wheels from within the carriage. They are fastened 
by screws’ to the frame of the vehicle, and are 
mounted on a ball-and-socket joint, so as to be ad- 
The observer in the 





















































The measuring apparatus and electric clock placed 
at Guntershausen, and shown in Figs. 7 and 8, 
recorded the various results obtained by the contact 
apparatus. It is so arranged that the clock marks 
seconds on the strip of paper, while the measuring 
apparatus records the contact marks. A current 
makes and breaks contact once every second, affect- 
ing a small armature carrying a pen, and bringing it 
into contact with the paper. A second armature 
and pen is connected with the line to the contact 
pieces, and marks the paper at each close of the 
circuit. 





| and contact magnets, ¢ and d the corresponding 
| armatures, ¢ and / the pens, and 4 and 7 the paper- 
| feeding roller. 


apparatus and placed in the one designed for read- 
ing the results, and shown in Figs. 9, 10, and 11. In 
this apparatus two hair lines a and 4 are adjusted by 
means of micrometer screws, until they cover the 
seconds marks upon the paper, and the space between 
them indicates exactly two seconds, Then by adjust- 





The paper band is driven by clockwork, | 
In Figs. 7 and 8, a and é are respectively the seconds | 


As soon as an observation was completed, the 
strip of paper was removed from the recording | 
















































































Fic, 12. 
carriage could thus easily note whether the wheels 
were skidded by the brake blocks. : 

According to the programme of the trials, each 
competing train was to have a total weight of 
128,000 kilogrammes, or say, 126 tons made up 
as follows : 

1 locomotive with two coupled wheels, 
to which brake blocks were applied, 
and tender with all wheels fitted, 
total weight ... wt or id 

4 carriages, with all wheels braked, 
each weighing empty 11.36 tons ... 

2 carriages unbraked, each weighing 
11.36 tons éws Kin 

Load in each carriage .47 ton 


Tons. 
55.00 


45.44 
22.72 
2.84 
126.00 


The brake blocks were to be either of cast iron or 
steel, 
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The greater number of the trials were to be made | the vehicles. In the cases of the other brakes, the | 50 per cent. 2. Trials with longer trains than tho:e 
with a speed of 75 kilometres (46.6 miles) per hour. | brake pressure was to be deduced from the results| above indicated. ° 3. Breakaway trials. 4. Stops 
Some trials however were to be at 90 kilometres, | obtained by the Westinghouse and vacuum brakes made frou guard’s van. 5. Stop with hand brakes. 


while pressure of brake blocks for the pneumatic | with given brake pressures. 


The programme in-| Thirteen trial trains were fitted up and brought 


brakes was limited to 50 per cent. of the weight of | cluded: 1. Trials with a higher brake pressure than|on the ground. They were forwarded by various 
for . 


© 


° 53st 







Fie. 13. 


Blundred Thowsend Kilogrametres 


Fig, 14, 


é é 
nom 


e 
$ 


£ 


& 


& & 


Hundred Thousand Kelogrammetres 
& 


Sse 
TT 





a : 2 U4 $e 





Fig. 16. 











Fig. 17. 
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German railway companies who had p the 
apparatus from the different brake representatives, 
and fitted them up themselves, employing the ordi- 
nary hand brake rigging, which was much too weak 
to withstand the whole useful effect produced by 
the Westinghouse, and perhaps by some of the 
other brakes. Only two exceptions were found 
to this—two trains fitted with the Steel brake 
had special rigging, The following are the names 
of the railway sory oa furnishing trains, the dif- 
ferent systems of brakes applied, and the approxi- 
mate weights (1000 kilos. taken as 1 ton) of the re- 
spective train as furnished in the official report : 








g 
S 
p System of |’ aa 
Railway. Seake. g. 

< 
tons. 
1/Ostbahn ... . oe ss] _ Steel 105 
2| Niederschles. Mark. Bahn ...| Heberlein 186 
8 a J # oh Smith 149 
4| Westfillischen Bahn *.. a 125 
5 - o eee ee Steel 125 
6| Hannoverschen Staatsbahn ...| Heberlein 138 
7 . * «| Westinghouse | 125 
8| Frankfurt-Bebraer Bahn...) Smi 127 
9 “3 ms ses Steel 125 
10| Bergisch Mirkischen Bahn ...} Heberlein 125 
11 sa Pe ee Smith 125 
12| Main Weser Bahn ooo is x 128 
13 -° 9 ove «| Westinghouse | 128 














In the official report we find the following 
remarks which are made for the guidance of the 
engineers employed in working out the results of 
the experiments. ‘ In ascertaining and calculating 
the results of the trials, the following are the most 
important points to be decided. 

‘¢], The distance run by train after the applica- 
tion of the brake, the moment for putting on brake 
being the explosion of a fog signal. 

“2. The time occupied in making stop. 

“3. The amount of reduction in energy due to the 
various brakes in running over equal distances. 

‘‘4. For obtaining a fair comparison it is neces- 
sary to reduce this reduction in energy to a 
standard speed, and to the standard brake pressure 
of 50 per cent, 

‘‘In calculating the results indicated in the two 
preceding paragraphs the reduced energy is referred 
to distance run, and not to time occupied, because, 
as is obvious in most cases of collision, distance is of 
far ter importance than time.” 

With reference to the reduction of brake pressure, 
the report remarks that the absolute pressures as 
applied by the Smith and Westinghouse brakes to 
the wheels, can be ascertained by calculations from 
the vacuum and air pressures; in the Steel brake, 
however, with its bell-crank levers, calculation is 
difficult and uncertain, while in the Heberlein brake 
it was impossible to ascertain the amount developed, 
and although dynamometers were placed on the 
drawbar in the Heberlein train, no reliable data 
could be obtained. It would consequently be im- 
possible to compare the result of the different brake 
systems fairly with each other, if the pressures 
could not be ascertained, This has been done in- 
directly by comparison of the diagrams made with 
the Westinghouse and Smith, and with the Heber- 
lein and Steel brakes, It is clear that if the effect of 
different brakes on trains running under exactly the 
same conditions is alike, the loss of energy, when the 
brakes are in full operation, would be similar. If, 
therefore, in trains of equal weight with the same 
number of wheels, equally braked, an equal percent- 
age of the weight is applied through the blocks (these 
latter being of similar material), it follows that as soon 
as each brake settles down to its work, the loss of 
energy in each case laid down in the same diagram 
would produce parallel lines. Experiment showed 
that the coefficient of friction remained almost the 
same throughout the trials, and to be as ascertained 
from the Smith and Westinghouse trains 0.117. The 
pressure exerted by the Steel and Heberlein brakes 
was, therefore, computed by comparing the diagrams 
produced by them with those of the Smith and 
Westinghouse trains, the pressures in which were 


own. 
‘Lhe results of ninety-four experiments are recorded 





in the official reports made with the various trains 
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TABLE NO. UL—RELATIVE EFFICIENCY OF THE DIFFERENT BRAKES IN REDUCING THE SPEED OF COUPLED TRAINS RUNNING OVER A DISTANCE OF 3827.96 YARDS ON 
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TABLE No. L—SHOWING WORK DONE BY BRAKES WITH A SPEED OF 46.6 MILES PER HOUR. 
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TABLE No. Il.—SHOWING WORK DONE BY BRAKES, REDUCED TO A TRAIN SPEED OF 56.25 MILES PER HOUR, AND 50 PER CENT. BRAKE PRESSURE. 
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TaBLe No. IV.—SHow1ne WEIGHT AND Cost oF BRAKE. 
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Weight and Cost of Brake Apparatus on different Systems fitted to Trains, each 
- consisting of Locomotive and T'ender, Four Carriages, and Two Vans. 
g VEHICLES FITTED. Heberlein. Smith. Westinghouse. Steel. 
S 
= 
g Weight in Weight in Weight in Weight in 
c | Toes. Cost. Tons. Cost. Tone, Cost. Fone. Cost. 
| & 8. & «a. & s. £s 
c Locomotive and tender ie oad ooo ts 2.041 148. 6 
4 1 goods wagon i... ; 1.000 24 10 
2 \3 passenger carriages 3.000 73 10 
5 )2 vans... ~ is -182 ll 0 
6.223 257 6 
= Locomotive and tender 590 55 0} 1.379 116 8 
4 . | |2 brake wagons ne 1.511 109 10 
gms) 2 567 14 0 
§ 33) |1 goods wagon ae ie .286 25 14 
Zs | |8 passenger carriages 815 75 15 
S ((2 vans... nee 159 16 2 
2.668 178 10 | 2.639 233 19 
Locomotive and tender 1.241 120 7 oe - 2.420 |233 7 
4:4 \/1 goods wagon .268 26 4 ES bes 422 63 2 
© 'a ) |3 passenger carriages 805 78 12 1.266 {189 6 
E© 2 ('2 vans oon 162 | 16 4 084 | 12 19 
2.476 241 7 4.192 /|498 14 
= (|Locomotive and tender 829 | 7% 1 ‘| 768 «| «96 1 
‘un . | [2 brake wagons 1.240 93 0 
$3 | \2 736 «| (44 «0 
a2 2} |1 goods wagon se oe 18 .221 33 7 
& 25 | |3 passenger carriages 665 100 3 
ma 2 vans... is a 062 5 0 
2.805 215 1 1.716 234 11 
4 Locomotive and tender 1.425 114 6 2.953 |199 6 
= £ 8 J |L goods wagon ns 246 19 6 1.044 32 1 
"GOs } |3 passenger carriage -738 57 18 3.521 106 19 
Ene 2 vans... aa .282 14 1 120 | 16 8 
2.641 205 11 7.6388  |354 9 
gi (|Locomotive and tender 891 83 10 | 1.609 115 0 
ag J 2 brake wagons 1.255 80 7 
2m ) 2 
& 4} |L goods wagon ¥ i -203 18 14 
aa |3 passenger carriages es 641 56 14 
‘Sj | |2 vans... ada ae e 174 13 10 
2.146 163 17 | 2.627 203 18 
» . { |Locomotive and tender 1.241 115 18 | 1.491 140 2 
§ z § ) | goods wagon ; -260 26 17 -266 84 4 
= ¢ ) |3 passenger carriages 851 75 3 .820 102 14 
PAliovan... .. 096 517| 1062 5 0 
2.448 223 15 | 2.639 282 0 
Averages 2.539 185 16 | 2.567 22115! 2.178 258 6| 6.018 |370 4 
Average weight and cost of Steel brake (improved construction) as fitted on the 
Westfalischen Bahn and Frankfort-Bebraer Bahn... sss em eax | 5.916  }426 12 
| | | 
| | 
'Ratios of weight and costs of| | | | 
different brakes, Westing-| > 1.12 738 | 1.178 | .858 1 | 2.71 1.651 
| 


house being taken as aa 


| 





under different conditions, ‘and at speeds varying from 
56 to 93 kilometres per hour, and over the two 
sections A and B of the line. These experiments 
show a decided advantage of the Westinghouse over 
all the other brakes; in fact, much the same 
advantage as this system has always shown in pre- 
Vious trials. Want of space prevents us from 
summarising these trials, but we shall do so in our 
next issue, contenting ourselves at present with the 
consideration of the results deduced from this large 
bumber of runs, and which are collected and averaged 
in the report, 

From these summaries it appears that the object 
of the German experimenters was to ascertain, not 
the behaviour and performance of the various brakes 
during a stop, carried to its conclusion, but their 
efficiency in reducing speed and abstracting energy 
during the first portion of the stop. That this in- 
formation is most valuable, and that it has been 
carefully and thoroughly investigated, a glance at 
the report shows; but it would have been more 
satisfactory to have embraced in a document, in 
compiling which neither labour nor space were con- 
sidered, the performance of the different brakes until 
they had pulled up their respective trains, But 








another and more serious objection lies in the fact 
that the experimenters did not elect to allow each 
brake to stand on its own merits. Onthe contrary, 
a standard of brake block pressure in percentage 
of weight of vehicle was fixed, and all the differént 
performances reduced to this standard, Now this does 
not represent the actual performance of a brake 
in service, nor does it do justice to the brakes 
themselves, although perhaps as the brake rigging 
on most of the experimental trains was too weak to 
withstand the force the brakes could develop, such 
a reduction was necessary. On the contrary, the pro- 
portion of weight of train braked to the total weight 
of train having been fixed upon as a standard. each 
system should have been allowed to doits utmost, for 
that is what every brake has to doin practice. Another 
essentially weak point in these trials lies in the 
shortness of the trains experimented with, It is 
true that a few runs were made with two trains 
coupled together, but the deductions are prac- 
tically all based on the stops made with the short 
trains, consisting of engine, tender, and six vehicles. 

The first portion of Table No. L, illustrated by 
diagram Fig. 13, shows the summarised results 
obtained from a number of experiments at different 





speeds and brake pressures, reduced to the uniform 
speed of 46.6 miles per hour, and 50 per cent. brake 
pressure. These deductions extend only over a dis- 
tance of 146 yards, and the results are calculated 
for each 36.44 yards. They show very clearly the re- 
lative promptness of action of the different systems, 
and the percentages of reduction of energy for each 
system on the down grade, and on the level are re- 
markably uniform, the order of performance being 
1 Westinghouse, 2 Heberlein, 3 Steel, 4 Smith, 
The second series, illustrated by diagram Fig. 14, 
are taken over the longer distance of 218 yards with 
higher brake pressure, and here the superiority of 
the Westinghouse becomes more decir pases Se 
though unfortunately all four brakes are not com- 
pared. It will be noticed that while Steel only 
absorbed 48.50 per cent. of the total energy, West- 
inghouse had destroyed 60.32 per cent. The same 
remark applies to the third series with still higher 
brake pressure (see diagram Fig. 15), only with this 
difference, that while over a shorter distance West- 
inghouse did as well, Steel did considerably worse, 
the percentage being 60.24 and 44.37 respectively, 
Table No, Il. and diagram Fig. 16 show the per- 
formance of all four systems on the horizontal trial 
line, at a speed of 56.25 miles per hour and 50 per 
cent. brake pressure. These trials extended over a 
distance of 218 yards, with the ordinary result of 
Westinghouse showing 2 far the best results. 

Table No, III. and diagram Fig. 17 show the 
results obtained with the trial trains coupled to- 
gether, so that a closer approximation to ordinary 
practice might be obtained. As in the other cases, 
the series were all reduced to a common speed 
(45.6 miles per hour) and the same brake pressure, 
50 per cent. As might be expected the two better 
classes of brakes—Smith and Westinghouse — gave 
the best performances, while Steel fell behind the 
Heberlein train, It will be noticed that the West- 
inghouse brake performed 54.70 per cent. of the 
total work, Smith 41.89 per cent., Heberlein 
39.13, and Steel only to 35.13 per cent, 

a the care with which the experiments 
were conducted leaves no doubt as to their accuracy, 
it is worthy of notice that the irregularity of the lines 
in the diagrams indicates thatthe apparatus employed 
left much to be desired. It seems incredible, for 
example, that the speeds of the trains over the first 
36 yards after the brakes were applied could rise as 
shown on the diagrams and by the Tables, Some 
remarkable irregularities are aleo noticeable in the 
recorded performances of the brakes over different 
sections of the trial lines, That the general results 
are accurate is shown by the fact that the diagrams 
frac | the Westinghouse indicator are practically 
identical in their general features, but have none of 
the irregularities arising from the more complicated 
apparatus employed, The experimenters would 
have done better had they employed this instrument, 

Table No. IV. shows the weight and cost of the 
four different systems of brakes experimented with. 
It is interesting as answering completely one of 
the arguments so long urged against the Westing- 
house system, that of excessive cost. Throwing the 
Heberlein aside as not coming strictly within the cate- 
gory of continuous brakes properly so called, we find 
that while the weight of the vacuum brake is 
actually greater than that of the automatic, the cost 
for fitting up the trial train was 2217. 15s. against 
258/, 6s. for the Westinghouse train, a difference 
scarcely worth record. On the other hand the 
Steel brake, the relative performances of which are 
clearly shown in the preceding Tables, weighs 
2.71 times as much as the Westinghouse, while the 
cost is 1.651 times as great. 





AUSTRALIAN TELEGRAPHY.—Theestablishmentof a dup- 
licate line of telegraph between Adelaide and Melbourne is 
under discussion. The object of course, is to minimise 
possible interruptions. 





LonDoN ASSOCIATION OF FoREMEN ENGINEERS AND 
DRAUGHTSMEN.—At the sitting to take place on Saturday 
the 6th inst., at the Cannon-street Hotel, Commander 
John P. Cheyne, R.N., F.R.G.S., will read a puper on 
“The North Pole.’’ Mr. J. Newton will preside on the 
occasion, and non-members are invited to attend and take 
part in the discussion. The reading will commence at 
8 p.m. 

Tue Great INDIAN PeninsuLA Rartbway.—We hear 
that Mr. F. W. Stevens, C.E., of the rs Works Depart- 
ment, Bombay, has been placed as a temporary measure 
on special duty at the — of the Great Indian 
Peninsula Railway Company by the Government of Bom- 
bay, to superintend the erection of their terminus station 
and administrative offices at Bombay. The cost of the 
works will be about 250,0001, The gus were 


by Mr. Stevens. 
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THE PRINCE’S DOCK, BOMBAY. 
MR. T. ORMISTON, ENGINEER; MESSRS. GLOVER AND CO., CONTRACTORS, BOMBAY. 
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THE Prince’s Dock, Bombay, the foundation stone of 
which was laid by the Prince of Wales on the 11th of 
November, 1875, extends along Elphinstone Strand from 
Malet Basin to Musjid Bunder. In point of size it will com- 
pare favourably with «J of the great docks in England. 
It was designed by Mr. T. Ormiston, M. Inst., C.E., Engi- 
neerin-Chief of the Port Trust, is being constructed under 
his supervision, and will cost when completed 750,000U. 

_ The dock proper is oblong in form and measures 1460 ft. 
in length by 1000 ft. in width, and has a projecting jetty 
700 ft. long and 240 ft. wide. It will accommodate 26 vessels 
of large size, and covers an area of 30 acres. The sills are 
laid at 58 ft. below Bombay datum, and there will be 22.4 ft. 
of water on them at half tide, 25 ft. 8 in. at high water of 
neaps, and 25 ft. 8 in. at spring tides. At distances of 
300 ft. iron ladders are fastened into the face of the wall, 
and at each corner of the dock and jetty flights of handsome 
stone steps, nine in all, have been built for the use of sailors 
and others. The walls are 37 ft. in height, and at the 
bottom are 17 ft. wide, and are built of :rubble masonry 
with composite facing consisting of alternate header and 
stretcher courses each 9 in. high with binders 3 ft. on the 
bed and 18 in. in height, equalling two courses of the other 
work, there being six of these binders to every 100 super- 
ficial feet of face. The coping is laid header and stretcher 
alternately, headers being 36 in. at front, and stretchers 
18in. Both are 3 ft. deep on the bed, and stretchers are 
from 5 ft. to 7 ft. in length of face. Two hundred and 
eighty feet from the outer wall of the dock proper the sea 
wall is being built. It will be of the same height and thick- 
ness as the dock walls, and is constructed of similar ma- 
terial employed in the same manner. Beginning at a point 
180 ft. beyond the north end of the dock walls, it follows the 
line of the latter, running 430 ft. further at the south end. 
The intervening apace between the two walls will be filled 
with moorum. There are two entrances at the south-east 
corner of the dock, one 66 ft. and the other 56 ft. in width. 
They are calculated to admit the largest troopships, whose 
extreme breadth of beam does not exceed 51 ft. Be- 
tween the two entrances lies a central pier, 60 ft. wide 
and 260 ft. long, principally of ashlar work, with ite- 
inted sills, hollow quoins, heel stones, and roller path 
or the gates. The latter will be of iron, but the design has 
not yet been decided upon. They will be worked by hydraulic 
machinery, a cast-iron syphon being laid under each en- 
ear castaining peessure pipes for working the gear. 
i © openings spanned by a swing bridge 180 ft. 
‘ong, working on the central pier. At the south end of the 
Ry a crane capable of lifting 120 tons is to be placed, and 

e dock will be fitted with all improved appliances. The 
wharves are from 180 ft. to 200 ft. in width, and offer the 
baplest facility for the handling of cargo, and nothing has 
ca n neplocted by projectors or contractors to render this 




























































































The tender of Messrs. Glover and Co., engineers and 
contractors of Bombay, was accepted on the 4th day of 
November, 1875—their contract binding them to complete 
the work on or before the 5th of May, 1879. 

In March, 1876, Government sanctioned an extension of 
the dock - A 60 ft. and of the jetiy by 100 ft., thus adding 
820 ft. to the quayage of the dock and bringing it to its 
present proportions. In consideration of this extension, 
the contract time was extended one month. 

Work was commenced November 5th, 1875, by forming 
earthen dams across the entrances to the old Elphinstone 
basin. The building of the main dam behind which the 
sea-wall is to be erec was commenced on the 3rd of 
January, 1876. The dam is a bank made up of moorum 
brought from Elephanta Island. 
height and 21 ft. in width at top. having a slope of 1 to 1. 
On the outer or harbour side it is covered with a layer of 
clay puddle 2 ft. thick. On this is laid a thin layer of 
moorum, and the whole is pitched with stone to protect the 
work from the action of the waves. The top and inner 
side are each covered with stone pitching to serve as a 
protection from the heavy rains of the monsoon. When 
the mound was in position a single row of sheet piling was 
driven through the centre, well into the natural clay, along 
the whole length of the dam. The dam was finished in the 
month of May, 1876. 

On the 20th day of December, 1875, the digging and 
timbering of trenches for building the walls was commenced. 
The trenches were to be from 25 ft. to 30 ft. deep, and 
19 ft. wide, and were dug and timbered in the following 
manner : First sheeting piles 2} in. thick and 8 ft. long 
were driven into the ground at the required distance apart 
and the trench was sunk to a depth of about 12 in. ; frames 
of timber composed of walings 12 in. by 6in. and struts from 
8 in. to 10 in. square were then put in and the trench sunk 
4 ft. further. Frames similar to the above were then in- 
serted and the same process repeated until the desired 
depth was reached, sheeting piles of 4 ft. in length mm | 
used for all except the top row. This operation was carri 
on with great rapidity and the building of the walls was 
commenced in the latter part of February, 1876. 

The work of excavating the enceinte of the dock was 
commenced in the month of November, 1876. A double 
track railway of 5 ft. 6 in. gauge was laid down from the 
dock limits to Mody Bay. An incline of 1 in 15 ran down to 
the bottom of the dock proper and a cutting 20 ft. deep d 
from the foot of the incline to the extreme northern limi 
of the dock, and rails were laid down on the whole | 
A stationary engine of 42 horse power with drums 10 ft. 6 in. 
in diameter was erected at a point somewhat. beyond the 
top of the incline, two locomotive engines B on the 
railway between the stationary engine and Mody Bay, one 
locomotive — in the cutting and 80 wagons are yr 
on theroad. Excavating is done by coolies working wit 


It is about 15 ft. in| has 











icks, powras, and shovels. Earth is carried in small 
kets on the heads of women, of whom a long unbroken 
line is constantly passing between the diggers and the cars, 
and returning to the excavations immediately on emptyiag 
their baskets. The operation seems slow, the amount 
carried very small, yet the contractors state that it is faster 
work than that done by navvies in any part of Europe. 
Seven wagons, weighing when loaded 100 tons, are drawn 
by the locomotive in the cutting to the foot of the incline, 
and then released to be attached to a steel wire cable, 1} in. 
in diameter, by rome yo one of the drums above men- 
tioned. The signal being given, the stationary engine is 
put in motion, and the full wagons are drawn to the top of 
the incline, while seven empty ones are let down, by 
means of a similar cable working over the other drum, 
to the foot of the incline. The monthly average of excava- 
tion in the trenches has been 226,000 cubic feet ; of timber- 
ing, 470 lineal feet, and of masonry laid, 205,000 cubic feet. 
Messrs. Glover and Co., expect to finish the masonry work 
in about April next, and thus to be in advance of the con- 
"i oom suelo We. 2,3 ral plan ofthe dock 
n our engravings, Fig. 1, is a general plan ofjthe dock ; 
Figs. 2, 3, and 4 are drawings of the main dam for the 
harbour wall showing the timbering ; 7. 5 and 6 are 
cross sections of the main dam; Figs. 7, 8, and 9 show the 
timbering for the minor dams; Figs. 10 and i1 are a 
section and elevation of the dock wall; and Figs. 12, 13, 
and 14 give the arrangement of landiny stairs at the corners 
of docks, and the mode of fixing the bollards. 





NOTES FROM THE SOUTH-WEST. 
Labour in Wales.—Notices have been posted at the 
Briton Ferry Iron Works to the effect that at the close of 
a monthall contracts and engagewents will cease and de- 
termine. The men regard this as an intimation of the pro- 
bable stoppage of the works. At Rhymney also a notice 
been issued to the effect that on and after October 1 
a reduction will be made in the towage rates and in the 
wages of all persons, colliers excepted, employed at the 
works. 
Neath Floating Harbour.—At a meeting of the Neath 
Harbour Commissioners on Saturday, it was decided to 
roceed with works which will secure Neath a floating har- 
ur from Cwrt Sark. The works are to be commenced 
within 14 days, and they are to be completed within three 
years. 
Trade at Swansea.—Business at Swansea has been 
tolerably good. ‘The tin-plate trade has continued in a 
sluggish state, but prices have been somewhat firmer. 


Newport Abercarne Black Vein Colliery.—This company 
has erected pumping and winding engines of great power, 
the former being an 85 in. cylinder, 10 ft. stroke, and the 
latter 38 in. cylinder, 6 ft. stroke, with 16 ft drums. For 
the thorough ventilation of the whole underground works 
a fan 45 ft. in diameter and of the latest and most approved 
pattern has been erected. 


Penarth Extension pole Taff Vale Railwa 
Company has agreed to lease the Penarth Extension Bail. 
mere term of 99 years at an annual rent of 598’. 

Coal at Lydney.—A seam of coal recently cut at Lydney 
by Mr. Simeon Harris is 8 ft. thick and is calculated to 
yield 250 tons per day for 30 years. The coal was struck 
in the 10 acre enclosure near the new mills at Lydney, 
which is half a mile from the Severn and Wye Railway. 
The land belongs to Mr. Bathurst, of Lydney Park. Mr. 
Holmes holds the continuation of the seam through the 
Crown property, having for many years worked it at the 
opposite outcrop in the How- Valley, a few miles 
to the swibaak of Dean Forest. He was, however, unable 
to pursue the measure in consequence of a fault 150 yards 
in extent. 

of the 


Welsh Railways.—At the wm roan he 
Worcester, Bromyard, and Leominster way pany 
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held at Worcester on Saturday, it was reported by the 
engineer that the line from Leominster to Bromyard was 
about to be commenced, that the extension would give an 
opening to Mid-Wales, and that this would eventual lead 
to a through line to Aberystwith. A large number of s 
are stated to have been subscribed for an extension of the 
Whitland and Taff Vale Railway to Cardigan, and the 
project is now expected to be carried out. 

Swansea Pier Extension.—The extension of the west pier 
in Swansea Harbour has been nearly completed. The 
planking has been carried to the end of the pier, but the 
iron handrails on one side and the lighthouse bave yet to be 
erected. The new portion of the pier is 1000 ft. in length, 
and the estimated cost is 30,0001. The extension was 
commenced in June, 1876. The number of piles used in it 
was 506 ; the piles range from 23 ft. to 54 ft. in length, and 
they av e 135 in. square. The creosoting was carri 
out by Mr. Railston, of Newport, and the work of shaping 
and fixing the timber was let by contract to Mr. Thomas, 
of the same town. The stone required for filling the space 
between the wooden framework was obtained from local 
quarries ; the quantity used (block and rubble) was 
30,000 tons. The ironwork—72 tons wrought, and 22 tons 
cast—was supplied by the Swansea Wagon Company. 








NOTES FROM THE NORTH. 
Guasaow, Wednesday. 
Glasgow Pig-Iron Market.—There was rather a firmer 
fecling in the Glasgow pig-iron market last Thursday 
forenoon, and business was done in warrants at 54s. 4d. to 
54s. 3d. cash, closing with sellers at 54s. 3d. prompt, 
buyers offering the same ae with ten days to pay. The 
market was steady in the afternoon, buyers offering 54s. 2d., 
and sellers asking 54s. 3d. cash. On the following day the 
market opened quiet and at aslight reduction in prices, but 
improved in the afternoon, leaving off fully better than on 
Thursday. Business was done in the morning to the extent 
of 1000 tons at 54s. 2d. cash, and closed, buyers at 54s. 2d. 
and sellers 1d. per ton more. In the afternoon 54s. 3d. 
and 54s. 34d. ese wan paid, and the market closed for the 
week, sellers 54s. 4}d. cash, and buyers 54s. 3d. There 
was a certain degree of flatness on Monday forenoon, when 
business was done in warrants at 546. 14d. to 54s. cash, the 
market closing with buyers at 54s., and sellers asking 
54s. 1d. No change of any importance took place in the 
afternoon market. Yesterday’s market was prey | in the 
forenoon, and a large amount of business was done in 
warrants at 54s. cash, closing with sellers at that 
uotation, buyers offering the same with a week to pay. 
The afternoon market was flat, and a small business was 
done at 53s. 114d. cash to-day, yy 53s. 11d. and sellers 
54s.. To-day’s market was again flat and quiet in the fore- 
noon, when a small amount of business was done at 
58s. 11d. and 538. 10$d. cash, the market closing with 
sellers at the latter quotation, buyers offering the same 
price with a week to pay. The afternoon market was 
steady, and business was done, to the extent of 1000 tons, 
at 53s. 10}d. and 53s. 11d. cash, the market closing with 
buyers at the latter quotation, and sellers asking 54s. 
There has been a decided absence of active business during 
the last week or ten days, and the market begins to assume 
a very dragging appearance. The demand for G.M.B. iron 
continues to be exceedingly quiet, but there is a moderate 
demand for special b for Continental shipment, which 
keeps makers’ prices steady. Shotts No. 1 was ad in 
price ls. per ton last Thursday, but no advance has been 
made in the price of other brands, nor is there likely to 
be any advance in the mean time. The deliveries into the 
public warrant stores last. week only amounted to 295 tons, 
thus bringing the stock with Messrs. Connal and Co. up to 
16,901 tons. There is no alteration to notice in the 
number of blast furnaces in operation, the total being still 
87 as against 118 at the same time last year. Last week's 
shipments of pig iron from all Scotch ports amounted to 
9176 tons, as compared with 12,911 tons in the correspond- 
ing week of last year. 


The Malleable Iron Trade.—The manufactured iron 
trade continues to be dull. Orders are becoming very 
scarce, and prices are naturally declining. Orders for ship 
plates have recently been placed at 7/. per ton, which is 
said to be the lowest quotation on record ; and bar iron has 
been sold at prices quite as low as the quotations ruling 
previously to the year 1870. 


The Clyde Shipbuilders and their Shi wrights.—At a 
committee meeting of the Clyde Shipbuilders’ and Engi- 
neers’ Association, held last week, the names of the arbiters 
appointed by both bodies in the late dispute were given in 
—that of Mr. James White, of Overtown, for the masters, 
and for the shipwrights Mr. Lloyd Jones, of London. The 
parties pro were mutually approved of, after which 
the meeting took into consideration the appointment of an 
umpire, and agreed to recommend Lord Justice Clerk Mon- 
crieff, failing whom Dr. Anderson Kitkwood, of Glasgow, 
be asked to act. The first meeting of the two arbiters ap- 
pointed to decide the request made by the shipwrights for 
an advance of a penny per hour, will take place to-morrow. 
Mr. Lloyd Jones has arrived from London, and the 
arrangements for conducting the proceedings are almost 
completed. 

The Ciyde Boilermakers’ Dispute.—Thanks to the good 
offices of Mr. Donald Currie, the eminent shipowner, 
during his recent visit to G w, there is now a pros 
of the dispute between the a iler-makers and their 
employers being amicably se by arbitration. The men 
put in a claim for gous ae ~ oe cent. on ~~ 

mon the claim is now to 
submitted to arbitration, 


wages about four 
Messrs. Robert Napier and Sons’ Last Vessel.—This da: 


ed| the Harbour Trustees. 





vessel—the Conway Castle, a steamer of nearly 3000 tons. 
She is one of the ‘‘ Castle’’ Line of Cape mail steamers, built 
for Messrs. Donald, Currie, and Co. A somewhat depressing 
feeling takes possession of one when one thinks of the 
splendid career of the firm whose last vessel has been put 
into the water, and remembers that the firm as hitherto 
constituted will cease to exist in a very few weeks. The 
event of the launch was celebrated with considerable éclat, 
alike by the owners and their friends (amongst whom there 
were representative of Cape Colony), and the builders. Mr. 
A. C. Kirk, the head of the new firm, was also present, 
and in the course of a short speech expressed a hope that 
the name of Robert Napier and Sons would be safe in the 
hands of one of their old apprentices. 


The New Dock at Ayr.—The main portion of the dock 
has now been completed, and was yesterday inspected by 
The water is now allowed to 
accumulate in the dock, and it is expected that the dock 
gates will be ready for testing in the course of ten days or 
a fortnight. 


Scapa Pier, Orkney.—The Orkney Pier Commissioners 
have resolved to apply to the Public Works Loan Com- 
missioners for a loan of 75001. for the purpose of proceeding 
with the proposed pier at Scapa Bay. 

The New Pier Works at Queensferry.—The new piers 
which are being constructed at South and North Queens- 
ferry, in connexion with the North British Railway Com- 
pany’s newline to Dunfermline, are making satisfactory 
progress. The pier at South Queensferry is being built 
at Port Edgar, about half a mile to the west of Queensferry. 
Several years ago the North British Railway Company 
commenced operations, but after completing a line of rails 
from New Halls Station to the works, and making a be- 
ginning with the breakwaters, all further operations were 
stop until about two months since. The pier, when 
completed, will be 1700 ft. in length, and will be provided 
with commodious landing places. It is not expected, how- 
ever, that it will be finished for another twelve months. 
The pier on the north side of the ferry is now all but com- 
pleted. It is a substantial stone structure of about 500 ft. 
in length and 20 ft. in breadth, paved with blue granite, 
and oem! a strong kerbstone 2} ft. broad extending along 
its whole length. A commodious station has y been 
built. It is understood that the line from South Queens- 
ferry to Dunfermline will be inspected on an early day, and 
that it will be opened for traffic in a few weeks. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

General Grant and Party at a oe eg Thursday 
last General and Mrs. Grant, Gen Badean, &c., visited 
the large iron works of Charles Cammell and Co. (Limited) 
at Sheffield, and were shown some of the leading operations 
of the machinery, including wire, sheet, tool steel, and 
plate rolling, as well as the converting part of the Bes- 
semer process. An armour plate, weighing over 20 tons 
when finished off, was also rolled in a most successful 
manner. This plate is intended for the new Austrian 

vessel the Tegetthoff. The general also visited the 
cutlery manufactory of Sengh helgun and Sons (Limited). 


Proposed Railway Station at Clowne.—It is stated 
that the Midland Railway Company are about to open a 
mineral and goods station at Clowne, where, it is stated, 
such accommodation is greatly needed, especially for the 
mineral traffic. 


Alarming Fire at a Colliery.—On Monday morning an 
alarming and destructive fire broke out in the No. 2 engine- 
house of the Renishaw Park Collieries, the property of 
Messrs. G. and I. Wells (Limited). There were a number 
of men and boys in the pit at the time, but they were speedily 
drawn out - 5 the No. 1 shaft. The engine-house was de- 
stroyed] and a pair of splendid winding engines therein 
damaged. 

Water Supply and Sewage of Tideswell.—Last week a 
Local Government inquiry was held at Tideswell by Mr. 
Morgan, with reference to an application for powers to 
expend 36001. on a water supply and sewage scheme for the 
joint townships of Tideswell and Litton. It was stated 
that the Duke of Devonshire would grant land for the 
storage of the water, but at the termination of the inqui 
the inspector said some definite agreement on this head 
must be made before the powers sought could be granted. 


The Wath Main New Colliery.—At this new colliery 
where vast quantities of water have been encountered 
during the whole of the sinking, coal has at last been 
reached, and when developed properly will be got at the 
rate of 1000 tons daily. 


Sheffield United ose Company.—At the half-yearly 
meeting of the shareholders of this company, held on 
Monday, the chairman (Mr. F. T. Mappin) said, owing to 
some complaints as to the wants of pressure during the winter 
months in the lower parts of the town, the directors had 
had an engineering investigation made, the result of which 
had been that they had ordered a new 30 in. main to be 
laid from the Neepsend Works to the end of Rutland Bridge, 
and so supplying a part of the town which had previous] 
been supplied by two 18 in. mains taken from the oun 
town main. ring the half-year their expenditure 
had been heavier than usual, but by it they were now able at 
Neepsend to increase the production by ,000 cubic feet, 
and at Effingham-street by 180,000 cubic feet every 24 hours, 
making the total capacity 6,000,000 cubic f every 24 
hours. When the new gasholder and tank, now in course of 
construction, are completed, which would possibly be b 
= bear of bee rage the capacity Lacey be 1,080, 
cubic feet, so is storage power ought to carry them 
through all difficulties. 


Municipal and Sanitary Engineers.—On Saturday last 





a meeting of the members of the Yorkshire branch of this 
Association was held at Sheffield, at which a paper by Mr. 
J. H. Smethurst, surveyor, Sowerby Bridge, was read 
** On the Sinking of Cylinders for Bridge Piers at Sowerby 
Bridge across the River Calder.” The writer explained 
that the plan pursued was not to exhaust the air from the 
cylinders, but to compress it within them, which was stated 
to give much better results than the other plan. In the 
evening the members dined together. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good average attendance on ’Change at Middlesbrough. 
The regular frequenters at this market entertain various 
opinions as to the future, but all appear to agree that until 
the war is ended there is not likely to be any permanent im- 
provement in the iron trade. There are occasionally slight 
fluctuations, but these are of little moment. The total power 
of ——s pig iron has been considerably reduced lately, 
and we hear that three or four more furnaces on Teesside 
will be blown out. Not only in Cleveland but in Scotland, 
Staffordshire, and Wales, the make of iron has been very 
much lessened. At Middlesbrough during the past month 
the shipments have been active, and the demand for pig 
iron has been rather better. No. 3 has been selling at 
40s. 6d. per ton, and the other qualities at proportionate 
rates. Merchants are more willing to buy iron now, and 
and are putting stocks into Messrs. Connal’s store at 
Middlesbrough. It will appear from this that merchants 
are convinced that they will not have an opportunity of 
obtaining pig iron at a cheaper rate than they can at 
present, and that there is a probability of quotations 
advancing. 


The Finished Iron Trade.—There is no change in the 
condition of the finished trade. It is a lamentable thin 
to see so much valuable plant as may be seen in the North 
lying idle for want of orders. If a few large rail contracts 
could be obtained by Cleveland manufacturers the district 
would immediately be transformed from a gloomy vale into 
a joyous and gigantic hive of industry. Certainly founders, 
engineers, and shipbuilders are fully occupied, and indeed 
had it been otherwise the populous towns on the banks of 
the Tees would have been deserted long since. 


Mechanical Puddling.—The experiments which have 
been conducted by Mr. I. L. Bell, M.P., with the view of 
attaining successful mechanical puddling together with the 
elimination of phosphorus from the Cleveland iron are still 
being proceeded with, and it is confidently believed that 
these great results so ardently desired will actually soon be 
achieved. Middlesbrough is naturally the place where 
these interesting investigations are being made. 


The Erimus Iron Works.—These works, near Middles- 
brough, which were built for the purpose of making iron 
by the Danks process, but which were stopped owing to the 
meng failing, are shortly to be restarted by Mr. C. E. 
Muller, who recently = this concern. The Danks 
furnaces modified will be used. 


The Coal and Coke Trades.—House and gas coals are in 
good request, both for London and the Continent, and 
prices are maintained. Small coals, however, are a drug, 
= 1 ae not be in demand until the iron works are again 

risk. 





_THE Mississtpr1.—A river and harbour appropriation 
bill passed by the United States Congress August 14, 1876, 
appropriated 100,000 dols. for the improvement of the 
mouth of the Mississippi, ‘‘ provided that the appropriation 
shall not be available whenever and so long as there shall 
be an open channel of 18 ft. of water at mean tide to and 
from the sea through the South Pass of the river to the port 
of New Orleans.’’ Captain Brown, the engineer in charge 
of the work, has reported to the 7. of War that a 
survey has been made and that a channel 250 ft. in width 
and 18 ft. in depth exists. The Secretary of War has, 
therefore, directed that all further expenditure of the 
100,000 dols. shall be pe age This does not affect the 
appropriation for the s’ jetties. 


Rivers PottuTion.—The Act passed in 1876 for the 
Prevention of Rivers Pollution, but which came into opera- 
tion only in August last, has been put into request by the 
local sanitary authority of Canterbury, being the case 
that has been promoted. An inquiry was held last week, 
September 24, at the guildhall of that city, by Mr. R. Raw- 
linson, C.E., one of the naan inspectors of the Local 
Government , to ascertain whether the local board of 
Canterbury were in a position to ask a certificate, in terms 
of the Act, to the effect that the means used by them for 
rendering harmless the sewage matter flowing into the Stour, 
from their sewage fall, were the best or only practical and 
available means under the circumstances in which the 
board are placed. On the part of the East Kent Com- 
mission of Seton, evidence was called to prove that since 
the completion of the Cante sewage works in 1868, 
the river below the outfall, for a distance of about eight 
miles, was constantly in an impure state, the water being 
discoloured, and attended with a black sediment at the 
bottom of the stream. It was also alleged that an offensive 
smell arose from the stream, and that some of the men em- 
ployed on the river had been attacked by typhoid fever. 

method of sewage treatment adopted Oy corpora- 
tion seems to be simply one of imperfect filtration. The 
ins decided to reserve his judgment until he had 

le a personal i of the works and the river. 
and that he would then officially report to" the Local 
Government Board on the subject. 
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PARLIAMENTARY DEPOSITS. 


As the time is at hand when, in accordance with 
annual custom, the genius of the engineer will again 
be taxed to invent some acceptable means of im- 
proving our incomplete and over-crowded railway 
system for the consideration of Parliament in the 
session of 1878, the present occurs to us as an ap- 
propriate opportunity for drawing attention to one 
out of the many obstacles which beset his path in so 
doing. There is little doubt that the soil in which 
the projects are hatching is fruitful enough, but on 
taking their flight from the paternal roof they have 
many distempers to encounter, and the most 
virulent of these is prevalent about the 14th of 
January. Inusingthe term “railway engineer” on the 
present occasion, we exclude all those acting officially 
in that capacity, and allude solely to the rising men 
whose fame is yet in embryo, and who have their way 
to make in the world, 

We take it for granted that our professional 
readers know perfectly well what is meant by the 
Parliamentary deposit, but in order to place the lay- 
men a an equal footing it may not be amiss to 
offer the following slight explanation, Before the 
promoters of a Railway Bill can prove compliance 
with the Standing Orders of Parliament, and obtain 
leave to proceed with the Bill they must deposit in 
the Court of Chancery a sum equal to 5 per cent. 
upon the estimated cost of constructing the works 
proposed to be authorised by their Act, and this is 
technically termed the Parliamentary deposit. Now 
this deposit (as we shall show hereafter) has been 
subjected to many alterations in the course of 
its career, but as it stands at present the money 
lodged in Chancery remains impounded until the 
railway is completed, or such portions of it may be 





taken out Ss, as represent the proportion 
of mileage finished at that particular time. 


The Parliamentary deposit as at present applied 
is not a legitimate adaptation to the Ce sen for 
which it is used, but is an adopted child substituted 
for a Parliamentary companion of its early existence 
which turned out a failure—in plain language the 
Parliamentary deposit is now used with respect to 
railway Bills in lieu of the old subscription con- 
tract. 

Prior to the year 1853 the Standing Orders re- 
quired that previously to the introduction of a rail- 
way Billa subscription contract should be entered 
into to the extent of three-fourths of the expense of 
constructing the works, and up to the period known 
as the railway mania there was little difficulty in 
complying with that requirement, and bond fide 
documents were lodged to the stipulated amount in 
respect to most if not all of the railway Bills ap- 
— for ; but after the collapse, which may be said to 

ave culminated in 1847, the subscription contracts 
became of a very ricketty character, and scandals 
arose about them,--which ultimately led to their 


being abolished. During this time (that is up to}j 


1853) the Standing Orders further insisted that a 
sum of money equal to 8 per cent. upon the amount 
of the subscription contract, and consequently equal 
to 8 per cent. upon three-fourths of the estimated 
cost of the railway, should be deposited with the 
Court of Chancery while the Bill was pending in 
Parliament, but on the Act being’ obtained or re- 
jected the money was returned to the promoters of 
the Bill as a matter of course. 

The object first of the deposit, and then of its 
return, is not very easy to arrive at, but the im- 
pression among old stagers seems to be that the 
money was required to show the dona fides of the 
undertaking, and it may be also that Parliament 
considered it in the light of a bird-in-the-hand with 
respect to House fees; but, however, very little turns 
upon motives; the money came back to its owners 
unshackled with liability. 

Subscription contracts being now abandoned, the 
Standing Orders were altered in 1853 so as to pro- 
vide that 8 per cent. in the estimate of expense 
should be retained in Chancery, instead of being 
returned upon the passing of the Bill, but a clause 
was inserted in the Act allowing the amount to be 
refunded when half the capital had been expended 
upon the undertaking, or the promoters of the Bill 
might obtain repayment of the money upon giving 
a bond to the Crown for double the amount i 
forfeited. _The bond was —— given, and so 
the promoters suffered comparatively little incon- 
venience in relation to the deposit ; the Act certainly 

rovided that the deposit, or the penalty of the 
mete should go to form part of the Consolidated 
Fund if the railway was not completed within the 
time limited, but this condition was practically 
nominal, inasmuch as there are but very few instances 
in which it was ever enforced, and in each of those 
where enforced, the money has since been returned, 
In other cases an Abandon Act was obtained, and 
the bond was ordered to be cancelled. 

It thus appears that during the time matters rested 
— this basis there was substantially no deposit at 


in the modern acceptation of the term. This state | direct 


of things reigned until the year 1868, and the 
common-sense inference to be drawn from it is that 
the detention of the money was then considered too 
harsh a proceeding to be insisted upon. It will be 
seen presently how we improve as we get older. 

In 1868 another change was made, the deposit was 
reduced to 5 per cent, upon the estimate, the bond 
was abolished, and the money was impounded as 
before until half the capital had been expended 
but in the event of the railway not being completed 
within, the term limited by the Act, or being wholly 
abandoned, the Court of Chancery had power to 
return the deposit to the promoters, after payment 
thereout of certain liabilities to landowners, if in- 
curred (which they rarely if ever were), and so the 
promoters got back their money intact under that 
régime. These tolerably equitable terms continued 
only a very short time. Yet they strongly confirm 
the impression that the money was never intended 
to be SN wee by the legislature. 

Anno Domini 1871 must have been a bilious year to 
Parliament, or to some of its prominent private busi- 
ness members, for during that session the Standing 
Orders for 1872 were altered to providethat the lenient 
terms of 1868, in their most important res 


pect, should 
thenceforth be abandoned. The deposit was again 


to be forfeited to the Crown, if the railway was not 
it might 


made within the prescribed term, altho 








still be redeemed if half the = had been ex- 
pended upon the undertaking. The latter portion 
of the Order was however tinkered - last 
session by providing that the money should be re- 

paid in driblets according to the quantity of railway 
finished. It must be borne’ in mind that all these 
transformations have been brought about solely at 
the instance of Parliamentary officials, without any 
public inquiry as to their necessity, practicability, or 
adaptability to modern circumstances. We have 
now travelled through the history of this much- 

abused Parliamentary machine, and have endea- 

voured to show that it was not invented for the 

purposes to which it has since been and is now . 
applied, that when first adopted in the latter capa- 

city, it was handled so gingerly as to be compara- 

tively innoxious, and was purposely intended by the 

Legislature to be so, but that directly the fussy ones 

took it in hand it assumed a mischievous aspect, 

and its operation became penal. 

It now remains to be seen, whether the modern 
version of the Parliamentary deposit is adaptable to 
the present altered condition of things. Assum- 
ing that the crowded state of our urban and 
suburban lines, and the constant collisions be- 
tween passenger and goods trains on the larger 
systems, will be taken as evidence that further means 
of transit are necessary even where railways have 
been established, to say nothing of the benighted 
districts into which they have ‘not yet penetrated, 
we start with this much admitted, that more lines 
are required throughout the kingdom, 

It must next be understood that no capital would 
now be subscribed for any railway that could be 
projected before the Act authorising its construc- 
tion was obtained.’ How then are the admitted 
wants of the nation to be supplied? In the absence 
of action by the great companies the whole thing 
rests entirely with the railway engineer; he must 
invent the line, devise the mode of constructing it at 
the lowest possible cost, and he must pay down 
5 percent. upon his estimate before he'can approach 
the tribunal which is to exercise its discretion as to 
sanctioning or rejecting the proposal. This is, of 
course, a very different state of things to that which 
was in existence at the time when the Standing 
Orders governing these mattérs were originally 
named, Equally it is a state of things involving a 
most unfair and prejudicial imposition upon the 
rising generation of railway engineers, whose 
stimulus to exertion must naturally be checked by 
such a drawback as‘ this to hamper them at the 
commencement, The idea may possibly never have 
occurred before to those who are responsible for the 
framing of the Standing Orders; but it is a fact, that 
there is no crime which a man could commit against 
the English statute book, that would involve so 
heavy a money penalty as the forfeiture of a Parlia- 
mentary deposit. 

The recent action of the Legislature in railway 
matters seems inexplicable to outsiders ; surely it is 
not difficult to perceive that if new railways are 
required, they must be constructed upon the only 
terms on which railways can now be made; but 
Parliamentary officials seem either incapable of con- 
ceiving or have ignored this argument, and act in such 
irect antagonism to it, that in proportion as the diffi- 
culties of raising capital increase the exactions of 
Parliament upon promoters of Railway Bills have 
become more oppressive. 

This, though perhaps quite unintentionally, is en- 
tirely in the interest of existing companies, the more 
independent lines are fettered the better is it for the 
large systems, while the public, who benefit either 
as gers or owners of m dise by every 
new mile of railway that is made, suffer in conse- 
quence, The theory of the fussy and crotchetty 
people against independent lines is, that they are a 
mere speculation projected solely for the purpose of 
selling them to one of the larger systems. If this 
were true most other inventions are of a similar 
character, but that is no argument against the 
usefulness of the proposed railway, and the purchase 
and ultimate construction of the objectionable 
article by the old company, of which there are in- 
numerable instances, is an unmistakable proof of 
its requirement and ability topay. They next jum 
upon the back of that ill-starred object of unive 
sympathy, the British landowner, and ride his bard- 

ips in contact to the line, Now there certain} 
may throughout the length and breadth of th 
country be found instances where railways ‘have 
been detrimental to the property through which they 
have passed, although we know them not, but for 
any one of these there must be at least fifty 
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where the price of the adjoining land has doubled 
and trebied through its proximity toaline. Unto 
him that hath has been given here in good earnest, 
and we have no hesitation in yy that of all 
parties affected the landowner is the one most in- 
debted to the railway engineer, and is he who most 
earnestly prays that the engineer's efforts may ever 
be blessed, with success. All this leads up to the 
question, What is the true P sapet of Parliament in 
the future with respect to the construction of rail- 
ways? Are independent lines to be facilitated or 
impeded, or is the matter to be left entirely to the 
discretion of the existing companies ? 

On the one side stands the British public (a mo- 
derate section being dressed in mourning for their 
slaughtered relatives) clamouring for increased rail- 
way accommodation, side by side with the present 
generation of railway engineers andironmasters, for 
whom a cheering prospect of perpetual short com- 
mons seems looming in the not far distance. On the 
other stand the large companies with systems filled 
to repletion, daily instances of collision and acci- 
dent, ample funds and increasing dividends, and 
the protecting eye of the Legislature watching over 
them to ward off interference and competition. 
‘The eubject is a very serious one affecting important 
branches of trade in a commercial point of view, 
and the public generally, as regards convenience and 
safety, and one which demands careful investigation 
and discussion in all its bearings. 





THE “INFLEXIBLE.” 

THE Times of Wednesday last contains a descrip- 
tion of the recent visit of the new First Lord of the 
Admiralty to Portsmouth Dockyard, and among 
other things it states, in connexion with the In- 
flexible now building there, that this vessel was 
docked on the 26th of July of last year, and in 
reference to her present state of progress says, 
** The last armour plates for the sides of the citadel 
were fixed on the 26th ult. Some bolting, how- 
ever, remains to be done, and there are four plates 
to be fitted on the deck over the citadel, The 
gaps which formerly existed at the points where 
the unarmoured ends join the citadel have now 
been either filled up or are in course of being filled 
u ” 

This, in other words, means that the parts of the 
vessel the relative dimensions of which are under 
dispute and form at present the subject of an official 
inquiry, have been and are being pushed on with as 
if there was no pending question respecting them. 
It must be perfectly well known that if the Com- 
mittee at present investigating the question of the 
stability of this ship are unable to satisfy them- 
selves and the country, that the armoured citadel is 
sufficiently large to insure the safety of the ship in 
action without help from the unarmoured ends, the 
citadel must, as a matter of course, be altered and 
enlarged. That this is by no means an improbable 
result of the Committee's investigations, we have 
on several occasions given strong reasons for be- 
lieving. Yet if this should occur the parts of the 
vessel now being pushed on with are just those 
which would immediately have to be en down 
and altered, so that we are met by the astonishing 
circumstance that the workmen of Portsmouth yard, 
are, to a great extent, being employed in doing 
work which no one at the present moment can say 
will not prove quite useless, or even worse than use- 
less, because if it has to be altered it will involve great 
cost to simply undo what is’now being done. In point 
of fact the Admiralty authorities are making it as 
difficult and expensive as possible for any alterations 
to be made in the ship in the event of the decision 
of the Committee being in any degree adverse 
to the views to which they have committed 


themselves. If we put it merely as a question of 
the possibility rather than of the’ probability of 
the Committee reporting in favour of extensive 


alterations in the ship, it would surely as a matter 
of common sense be prudent to avoid pushing for- 
ward with those parts of the ship where the neces- 
sary alterations will have to be made if they are 
made at all. The course pursued displays a reck- 
lessness in the expenditure of public money seldom 
witnessed in this country, or a disregard for the 
labours of the Committee scarcely less unaccount- 
able, when we remember that the Committee was 
appointed to investigate the subject by the Govern- 
ment in deference to the opinions expressed in the 
House of Commons, and its a was in 
itself a recognition of the possibility, at any rate, 
that the Inflexible might be found deficient in 


stability, and might require alteration. We know 
that the Board of Admiralty from the first time this 
question arose refused to institute any inquiry re- 
ams it, and showed no signs whatever ising 

e magnitude and gravity of the issues involved, 
and the present investigation was only undertaken 
when the Cabinet took the matter up and over- 
ruled the department. Are we again to see the 
Cabinet compelled to interfere to stop the expendi- 
ture of large sums of public money on work which a 
a few weeks or months hence may have to be all 
undone? As matters are going on, many things 
are more unlikely or more necessary. 

Unfortunately the work being done on the In- 
flexible is not all that may soon have to be con- 
demned or modified. The Ajax and Agamemnon, 
sister ships, but somewhat smaller than the In- 
flexible, are admitted to be no better off in stability 
but rather worse than the Inflexible, yet they are 
in full swing at Chatham and Pembroke with 
hundreds of men employed upon them, quite irre- 
spective of the fact that the question of their safety 
is practically under investigation and hanging in the 
balance. With the exception of a few ships fitting 
out for sea, these three vessels are the only ironclads 
building in our Royal Dockyards, and it seems 
almost incredible that the whole strength of our 
dockyards, so far as the construction of ironclad 
ships are concerned, is being employed on what may 
be termed speculative work, which may or may not 
all have to be undone before Christmas ! 

Many serious charges have been at different times 
brought against the Administration of the Admiralty, 
and in whole or in part substantiated, yet never we 
venture to say has anything so manifestly wrong 


of affairs. Surely ata time like the present, when 
there is such a demand for small vessels and un- 
armoured cruisers for the Navy, the men at present 
being wastefully, so far as any one can say at present, 
employed on the Inflexible, Ajax, and Agamemnon, 
could be employed on other work known and re- 
cognised to be of a useful character, It is idle to 
ask whether any man of business or large manufac- 
turer would go on employing his men and machinery 
on work of doubtful value, when they could be 
otherwise employed ; and if there is not other work 
that can at the present time be undertaken instead 
of proceeding with these doubtful ships, it is high 
time for the First Lord of the Admiralty or the 
Cabinet to provide means for supplying the defi- 
ciency. 

Again, nothing could show more clearly than the 
present state of work in the dockyard, the urgent 
necessity for the Committee to hasten their inquiries 
into the stability of the Inflexible. So far as can be 
gathered they are still pursuing their experiments 
with models, and projecting new series of experi- 
ments in the same direction, on a subsidiary branch 
of the inquiry, as if time was of no object, and they 
had a year or two before them in which to penetrate 
the mysteries of the relations existing between the 
rolling of ships and models under exceptionally per- 
plexing circumstances. The great questions whether 
the — fulfils the conditions she was designed to 
fulfil, what amount of stability she has under the 
several conditions of her unarmoured ends as deter- 
mined from her drawings and calculations, what the 
effect of shell fire on her unarmoured ends will be, 
are quite independent of the model experiments, and 
should be determined as speedily as possible, yet 
from all accounts that reach us the Committee, 
although they have now been appointed for about 
two months, have not even commenced their inves- 
tigation of these points, and have not even per- 
sonally examined the Constructors of the Navy 
themselves in relation to them. 

We have spoken about afew weeks as perhaps 
being sufficient to condemn the work now being done 
on these ships in the Government Dockyards; in 
doing so, however, we assumed that the Committee 
would be awakened to the importance of the inquiry 
they have to conduct, but of course if they go on as 
they have been doing the ships are likely to be finished 
as soon as the inquiry, unless in the mean time 
Parliament should determine to take the matter into 
its own hands, but even this cannot happen for a few 
months, Viewed in the most favourable light the 
present state of affairs presents a most humiliating 
aspect, and certainly a heavy responsibility rests 
upon those who have brought it about, and who are 
every day aggravating the evil by increasing the 
loss that will be sustained if these ships have 
eventually to be modified in design to render them 


and indefensible been exposed as the present state | P 


METROPOLITAN GAS COMPANIES. 
THERE is no branch of technically applied scien, 
in which such progress has been made as that hows 
by the use of gas for illuminating p . Some 
sixty years ago, scientific men, including Sir 
Humphry Davy, condemned the idea as not only 
fallacious but dangerous, and it was not until a 
cotton factory at chester was illuminated with 
coal gas, that the possibility of adopting that agent 
for illuminating purposes was considered feasible 
or generally practicable. From the recently pub- 
lished accounts of the metropolitan gas companies 
required by Parliament, half-yearly, some idea 
may be gained as to the extent of the adoption of 
coal gas in this and other kingdoms. At present 
there are six companies supplying the whole of 
London with gas having an authorised share capital 
of about 12,000,000/., and paying handsome divi. 
dends to the shareholders, generally in fact at the 
rate of 10 per cent, on the ordinary stock. The 
first and most important of these companies is the 
Gas Light and Coke Company, which by its recent 
amalgamation with the Imperial commands the 
custom of about three-fourths of the metropolis, 
On 31st December, 1876, its total paid-up capital was 
6,664,986/., the total authorised capital being 
8,265,000/. in stock and share, and independent of 
the loan capital of about 1,500,000/, which has been 
raised on bonds, &c., at interest varying from 4 to 

10 per cent, per annum. 
or the half-year ending 3lst December last the 
total revenue from all sources of this company was 
1,180,9857., of which 898,590/. was derived from 
the sale of gas; 263,145/. from the sale of residual 
roducts, as tar, coke, ammoniacal liquor, &e, ; 
16,4287. from rental of meters and minor items, 
The coke produced 151,732/.; tar, 68,347/.; and 
the ammoniacal liquor, 42,280/. Some years ago the 
two latter articles were regarded as waste, but are 
now eagerly sought after for manufacturing pur- 
oses, ‘lhe expenditure for the half-year, 771,488/., 
eft an amount of 409,498/. to be carried to the net 
revenue account, which, with a balance from the 
previous half-year, had a total in December of 
543,715/. 

The total of coals carbonised during the half-year 
was 475,032 tons for common gas, and 29,067 for 
cannel gas. The total quantity of common gas made 
in thousands of feet (that is, the following figures 
multiplied by 1000) of common gas 4,823,807, of 
which 286,763 were consumed in public lights or by 
contract; 4,167,393 by private lights, giving a total 
of 4,456,156 thousands. Beside this there were 
259,253 thousands of cannel gas sold. On the total 
produce there was a loss unaccounted for of 307,089 
thousands of common, and 27,240 of cannel caused 
by leakage, &c. It appears that the number of 
public lamps was about 34,000, jsupplied by the 
company. 

The accounts of the South Metropolitan Gas 
Company show the following figures for the 
half-year ending December, 1876. Total of capital 
paid up 460,000/., out of a total authorised of 
500,000/.; half-yearly revenue. 94,323/., of which 
68,0507. was derived from the sale of gas, and 
24,351/. from the sale of residuary products, Ex- 

nditure 71,605/., leaving a net revenue of 22,717/. 

otal amount of coals carbonised during the half 
year 48,931 tons ; amount of gas 469,199 thousands, 
of which 430,472 were sold, leaving 34,727 thousands 
as loss, beside gas used at works. 

The Commercial Company’s accounts for the 
half-year were as follows: Total capital paid up 
611,638/., authorised 830,000/., besides loan capital 
of 300,000. Receipts from the sale of gas 109,463/., 
of residual products 29,820/., which with other items 
give a total revenue of 140,141/. Deducting ex- 
penditure there was a net revenue of 26,214/. ‘otal 
of coals carbonised was 60,698 tons; of gas made 
620,179 thousand; sold 576,852, with an estimated 
loss of 38,327 thousands, : 

The London Gas Light Company had a paid-up 
capital of 756,927/. and an authorised one of 873,862/.. 
independent of 78,402/. paid and 101,129/. unpaid 
loan capital. The gas revenue for the year 1876 
was 216,153/.; residual products afforded 66,981/., 
giving with other items a yearly revenue of 286, 180/., 
from which deducting expenditure there was a net 
balance of revenue of 78,138/. The total of coals 
carbonised was 119,642 tons, affording 1,181,418 
thousands of feet (common gas), of which 1,108,786 
were sold, with a loss, including cannel gas of 
64,733 thousands. 

The accounts of the Phoenix Company show 4 
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capital of 900,000/., against 1,044,000/. 
authorised, beside 155,000/. loan capital up and 
900,000/. authorised. The revenue for the year was 
340,640/., out of which 254,874/. came from the sale 
of gas, and 77,778/. from the sale of residuary pro- 
ducts. Deducting expenditure there was left a 
balance of 90,856/. of net revenue. The total of 
coals carbonised was 154,418 tons Newcastle and 
9555 tons of cannel. The amount of common 

produced was 1,547,620 thousands, of which 
1,447,299 were sold, waste or loss amounted to 
84,931 thousands. 

The accounts of the Surrey Consumers’ Company 
are, like the two preceding, made out for the year 
ending December 31, 1876, and present the follow- 
ing facts. The total amount of paid-up capital was 
930,000/. out of 250,000/. authorised, beside 60,0002. 
loan capital, The total revenue was 114,535/., of 
which 87,9197. was derived from the sale of gas and 
24,321/. from that of residual products. Deducting 
the expenditure there was a total net revenue for 
the year of 29,729/. The total of coals carbonised 
during the year was 47,726 tons, Of common gas 
there were 482,032 thousands made, 440,381 sold, 
and 35,651 thousands unaccounted for. 

Such is a brief analysis of the accounts of the 
metropolitan gas companies up to the end of 1876. 
From the fact that half of the companies accounts 
are made out yearly, and the other half-yearly, 
it is impossible, without much trouble and waste of 
space, to place the whole facts of the relative ‘‘ due 
care and management” exercised by each company. 
But as the public and shareholders are, at the pre- 
sent, equally satisfied, we shall not attempt to dis- 
turb a harmony which so rarely exists between the 
interests of joint-stock companies and their clients, 


paid-up 








IRON AND STEEL INSTITUTE. 

In our last issue we completed our account of the 
proceedings of the Iron and Steel Institute at New- 
castle, so far as the meetings for the reading and 
discussion of papers was concerned, but in conclud- 
ing our last week’s notice, we stated that on the 
Thursday and Friday of the meeting certain excur- 
sions were made, and of these excursions we now 
propose to have something tosay. On Thursday 
the 20th ult., the excursions were to Sir W. G. 
Armstrong and Co’s works at Elswick, and to 
Messrs. J. Spencer and Son’s works at Newburn, 
and of these two establishments, to which the 
members were conveyed by a special train kindly 
placed at their disposal by the North - Kastern 
Railway Company, we must first speak, 


Tue Exswick Works. 


These works were first started as an engi- 
neering establishment on a small scale by Messrs. 
Donkin, Cruddas, Potter, and Lambert, and were 
carried on by them in a quiet way until about the 
year 1847, when Sir William Armstrong joined 
the business, and introduced the manufacture of 
hydraulic machinery, which at once gave the works 
a distinctive character and a great impetus, and 
necessitated considerable enlargements. Each year 
saw the development of the hydraulic system, and 
the consequent enlargement of the Elswick Works, 
In 1858, Sir William—then Mr.—Armstrong, having 
completed his exhaustive course of artillery experi- 
ments, and having proved the success of the system 
of artillery bearing his name, added the ordnance 
department to the works. It was about that date 
that Mr. Armstrong was appointed engineer of 
rifled ordnance to our Government, and had a knight- 
hood and the Order of the Bath conferred upon 
him, From 1858 to 1863 the ordnance department 
was practically carried on as a Government establish- 
ment, In the latter year, however, the contract 
with the Government terminated, and since that time 
the ordnance manufactured at Elswick has chiefly 
been for foreign powers. From the time of starting 
the ordnance department down to the present, 
about 4000 guns of all descriptions have been turned 
out at Elswick, from 14-pounders to the Italian 
100-ton guns. 

_ The works are situated on the banks of the Tyne 
just outside Newcastle, and have a river frontage of 
nearly a mile, but an average width of only about 
150 yards. They cover 40 acres of land, and are 
bounded on the land side by the Newcastle and 
Carlisle Railway. Asa rule they give employment 
to from 3500 to 4000 hands, whilst fixed engines 
giving a total of 2000 horse power, and three small 
locomotives, are always kept going. The total con- 
sumption of fuel for all purposes is 300 tons per 








day. The works are intersected by lines of railway 
in all directions, and there are two jetties fitted up 
with the necessary hydraulic apparatus. At one of 
these jetties are the hydraulic am, which are used 
for loading heavy ordnance and machinery on to 
vessels, and which are capable of lifting 150 tons. 

On entering the ordnance works the visitors were 
first shown the putting on of one of the outer tubes 
of a 100-ton gun, the gun being supported breech 
upwards in a pit in the yard, and the tube—brought 
from the shops in a heated state on a suitable 
truck—being raised by a powerful travelling crane, 
and dropped slowly on the gun, a partial ro 
to-and-fro motion being given to it asit was lowered, 
In this department adjoining the end of the works at 
which the visitors entered are the finishing rooms 
for the guns, and stores for the shot and shell which 
are cast at Elswick, and which are highly chilled. 
Near the projectile store are two large machine shops 
fitted with drilling, slotting, planing, and shaping 
machines, about which, for the most part, there is 
no novelty. The forge stands opposite to the ma- 
chine shops, and in it is a fine steam hammer, the 
anvil of which weighs 120 tons, and the head 
30 tons. It has a 3 ft. cylinder and a 12 ft. 6 in. 
stroke, and uses steam at 50 Ib. pressure. This 
hammer, which the visitors had an opportunity of 
seeing in operation welding a coil for a 100-ton gun, 
was made by Messrs. Thwaites and Carbutt, of 
Bradford, and we propose shortly to publish en- 
gravings of it. Besides this large hammer are other 
smaller ones and a number of reheating furnaces, 
which, like all those used at Elswick, are constructed 
upon Siemens’ regenerative principle, There are also 
four hydraulic cranes for lifting the coils from the 
furnaces to the hammers. In an adjoining shop 
the visitors were shown the coiling of a bar to form 
a large gun tube. As at Woolwich the bar to be 
coiled is heated in a long narrow furnace, and coiled 
on a mandrel as it issues from this furnace ; but at 
Elswick this mandrel -with its turning gear is 
arranged to traverse laterally in front of the fur- 
nace so as to avoid dragging the bar sideways over 
the floor of the furnace at the point of exit. 

The carriage department is of considerable extent, 
and here the visitors saw the four hydraulic gun 
carriages in course of construction for the 80-ton 
guns of H.M.S. Inflexible. Other carriages too 
they saw which were being made for the 100-ton 
guns. In the finishing shops the principal objects 
of interest were the heavy tools employed for finish- 
ing the 100-ton guns, a very fine rifling machine 
being especially noticeable. In the foundry are 
twelve large cupolas furnished with seven hydraulic 
and two hand cranes which command the casting 

its. 

4 There are two blast furnaces at Elswick each 
75 ft. high and 21 ft. in diameterin the bosh, and 
which are capable of turning out about 600 tons of 
pig iron per week. They are producing a special 
iron known as ‘* Ridsdale” and ‘‘ B, Ridsdale,” and 
which is used for special purposes, such as the 
manufacture of projectiles. The ore is found in 
Northumberland over an area of about 15 square 
miles, which is bounded on the west by the North 
Tyne and Haresham Burn, and on the south by 
Heugh Burn. The bed of ironstone shale is 
about 30 ft. thick and occasionally a few inches 
of coal are found at its base, while in its upper part 
a coarse band composed of fossils and called the 
shell band is found. ‘Throughout this shale and 
both above and below the shell band are nodules 
of ironstone varying in size from that of a pea to 
6 in. or 8 in, in diameter. The slag from the fur- 
naces is utilised for building and other purposes on 
the works. 

The departments devoted to the construction of 
civil engineering works are as extensive and as 
complete in their appointments as those applied to 
the production of war matériel. In this department 
the swing bridge over the Tyne was made, In the 
erecting shop the visitors saw the construction of 
hydraulic machinery generally, and of one of the 
engines for revolving the turret of the Duilio in 

articular. On the jetty connected with this 

ranch of the establishment is a movable hydraulic 
crane which has an adjusting feed pipe, and can 
thus be used in various positions. The special 
feature in this department was a hydraulic squeezer 
which has been made for treating blooms from the 
Danks furnaces. It consists principally of a massive 
frame carrying a horizontal hydraulic cylinder, 
the ram of which has a stroke of 6 ft. 6in., and is 
capable of applying a pressure of 750 tons. This 
ram actuates a sliding head which is opposed to a 


fixed head on the other side of what we may term 
the table of the machine, the bloom to be squeezed 
being placed between these two heads, The bloom 
is conveyed to what we have called the table of 
the machine by means of a sliding carriage moved 
by hydraulic power, and when it has been so depo- 
sited the movable head pyecortal the horizontal 
ram is immediately thrust forwards, and squeezes 
the bloom against the fixed head. At the moment 
when the bloom is thus held between the two heads 
a square iron trap in the table underneath the 
bloom opens downwards and the cinder squeezed 
out falls into a carrier below. The trap then re- 
turns to its place, and at that moment the movable 
head is withdrawn, Next, by opening this trap 
upwards, the ball is tilted up and turned over, and 
the movable head then returns and gives the iron 
another squeeze, retreating after the operation. 
The next process is to turn the bloom round. 
Supported by the massive tie-bars which connect the 
upper part of the fixed head with the main hy- 
draulic cylinder, is a vertical hydraulic cylinder, the 
ram of which works out of the lower end and carries 
a horizontal disc full of holes, in which are loosely 
fitted a number of stout iron pins, these pins being 
supported by their heads, ‘To turn the bloom the 
ram and disc are lowered upon it, and a rotary mo- 
tion is then imparted to the ram~in one direction or 
the other by means of auxiliary hydraulic cylinders 
provided for that purpose, The ball being caught by 
the pins is thus slued round to the required extent, 
and then the discs and pins ascend to make room 
for the reciprocating head, which coming forward 
gives the ball another squeeze. ‘This process is 
repeated as often as required. We should mention 
that in order to economise power a small auxiliary 
cylinder is provided, the ram of which brings the 
movable head in contact with the bloom, the large 
ram then applying the squeeze. All the motions of 
the squeezer, as well as those of the carrier, are 
worked by hydraulic power, and are under the con- 
trol of one man. On the occasion of the visit a 
block of lead, having through it a number of holes 
filled with clay, took the place of a heated bloom, 
and was operated upon by the squeezer, The 
appliances for handling the bloom acted perfectly 
as far as their mechanical movements were con- 
cerned, but the whole process of treating the imagi- 
nary bloom appeared to us somewhat slow. ‘To 
some extent this may have been due to the machine 
having been actuated by water supplied at a lower 
pressure than that which it is intended to employ 
when the machine is actually erected, while the man 
by whom the machine was handled of course has not 
yet had any great amount of practice. It is, how- 
ever, certainly a question whether a squeezer of this 
kind can compete economically, with a powerful steam 
hammer, and the practical trial of the apparatus 
we have described will therefore be looked forward 
to with much interest. 7 

The main engines at the Elswick Works are all of 
the Corliss type made by Messrs. Hicks, Hargreaves, 
and Co., and the power from them is transmitted by 
belting, many of the belts used being of ex- 
ceptional dimensions. The engines are all supplied 
with steam by cylindrical multitubular boilers fired 
underneath, and all fitted with Juckes’ grates. 

We may add that during their visit to the Elswick 
Works the visitors had an opportunity of examining 
the working of the Gatling gun, of which the firm 
have, we understand, now taken up the manufacture 
in this country.° 

THE NEWBURN STEEL Works. 

The steel works of Messrs. John Spencer and 
Sons, at Newburn, about five miles from Newcastle, 
date back from the year 1810, and portions of 
the early works still remain, forming a strong 
contrast with the modern plant. We hope at some 
future date to give afull description of these works, 
which possess many features of historical as well 
as current interest, but at present we must content 
ourselves by merely indicating their character, 
When first established the works were entirely de- 
voted to the manufacture of files, and a section of the 
establishment is still employed on the production of 
these articles, Subsequently the manufacture of 
springs was taken up—Messrs, Spencer being at one 
time the sole makers of volute springs—while more 
recently other branches of steel manufacture have 
been added, a specialty of the works at the present 
time being the production of steel castings of all kinds. 
Some admirable specimens of such castings were, we 
may add, shown by the firm at the exhibition held in 





the reception room at the Wood Memorial Hall dur- 
ing the Toot and Steel Institute meeting. 
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Messrs. J. Spencer and Sons now make steel both 
in crucibles and by the Siemens-Martin process, 
and some of the crucible furnaces are Siemens’ gas 
furnaces. The works also include an extensive 
forge, where besides the execution of miscellaneous 
forgings, the manufacture of Wastney Smith’s 
patent stockless anchor is carried on. Altogether 
the Newburn Steel Works are both extensive and 
interesting, and, as we have said, we hope at some 
future date to describe them fully. 


Tue Browney Couuiery. 
Friday, the 21st ult., was devoted to a visit to the 
Cleveland district, a special train starting at an 
early hour, and conveying the members from New- 
castle to Middlesbrough. On the way, however, a 
stop was made at the Browney Colliery, which has 
been lately opened by Messrs. Bell Brothers, Limited, 
on a royalty of more than 2000 acres leased from Lord 
Boyne. ‘The colliery is situated on the main line of 
the North-Kastern Railway about three miles south 
of Durham, and the principal seams are the Hatton, 
the Busty, and the Brockwell seams, the first men- 
tioned of which is found at adepth of 223 ft., and is 
4 ft. thick, with about 13 in. of fireclay beneath it. 
The Busty seam is about 4 ft. 3 in. thick, with 2 ft. 
6 in. of fireclay at the bottom, and is found at a 
depth of 480 ft., while the Brockwell seam is 600 ft, 
deep, and is 3 ft. 4 in. in thickness, and has 20 in. 
of fireclay below it. 

Three pits have been sunk to the full dip of the 
royalty, one to the Hatton and two to the Brockwell 
seam. A little above the Busty seam pits Nos. 1 
and 2 had to be sunk through about 19 ft. of hard 
blue basaltic whinstone, and four months were 
occupied in each pit in sinking through this 
material, four shifts of nine men each, blasting 280 
drills in a shift, not getting through more than 6 in. 
in a day. At the time of our visit coal was being 
drawn from but one pit, although the shallower pit 
sunk to the Hatton seam only is also provided with 
a winding engine. The second of the pits sunk to 
the Brockwell seam is at present used for pumping. 

The surface works at the Browney Colliery are 
admirably carried out, the pumping and winding 
plant, screens &c., being models of arrangement, 

Lhe pumping engine has a 46 in. cylinder with 
6 ft. stroke, and works two 18 in. pumping sets, one 
lifting from the bottom to a cistern fixed about half- 
way down the shaft, and the other from thence to 
the surface. The coals are drawn from the deeper 
pit by a = of horizontal winding engines with 
36 in. cylinders and 6 it. stroke, driving a drum 
18 ft. in diameter. The cages are double-decked 
and carry four 9 cwt, tubs. They are fitted with 
Ormerod’s detaching hook and Callow’s safety 
catches, At present about 400 tons per day are 
being lifted, but the engines are capable of raising 
1000 tons per day when required, The coal raised 

“is tipped from the tubs down well-arranged screens, 
the small which passes through these screens being 
received by hoppers from which it is delivered to 
the tubs which convey it to the coke ovens, while 
the lumps are passed on to a Carr’s disintegrator 
by which they are broken up, this disintegrator 
being capable of crushing 40 tons per hour. 
When sutfliciently reduced, the broken coal is 
raised up again for delivery into the coke oven tubs. 
The screens and hoppers of which we have been 
speaking are all placed at sucha level that the tubs 
supplying the ovens can be run off direct on to lines 
laid along the tops of the latter, ‘These tubs, we 
may mention, are funnel-shaped, and of a very neat 
pattern; they are provided with drop doors so that 
the coal is discharged direct into the openings at the 
tops of the ovens. 

Ihe construction and arrangement of the coke 
ovens at the Browney Colliery was described by 
Mr. A. L. Steavenson, in his paper read before the 
Iron and Steel Institute at Newcastle, and published 
by us on page 227 of our last number but one, when 
we also gave engravings showing sections of the 
ovens. ‘lhe charge of each oven is from 5} to 6 tons, 
and the time of burning depends upon the quality 
of the coal, at the present time but about three 
charges being burnt per fortnight, All the steam 
required is raised by ike waste heat from the ovens, 
there being at present 255 ovens in use, while this 
number will probably be largely increased as trade 
revives, As we have so lately illustrated the ovens 
at the Browney Colliery it will be unnecessary that 
we should redescribe them here, but we may remark 
that the trucks by which the coke is taken away run 
on lines sunk below the level of the ground outside 


into the trucks without lifting. These sunk lines 
are marked “ gullets” in our plan on e 227 ante. 
The whole of the arrangements for handling materials 
are in fact admirably carried out, and the whole 
plant at the Browney Colliery is an excellent ex- 
ample of the most recent practice. We may add 
that the colliery is at present being ventilated 
by a Schiele fan placed at the bottom of one of the 
pits ; but this is only a provisional arrangement 
which will be modified when the workings are more 
fully extended. 


Tue CLARENCE IRON WOKKS. 


Resuming their seats in the special train the 

members were next conveyed, vid Ferryhill, to the 
Clarence Iron Works of Messrs. Bell Brothers, 
Limited, on the north side of the River Tees, oppo- 
site Middlesbrough. ‘The Clarence Iron Works 
were the third started in the Cleveland district, the 
first three furnaces being blown in in the course of 
1854. From time to time additions were made to 
the number and size of the furnaces, until at present 
there are ten furnaces in blast, while two are in 
course of rebuilding. The furnaces are disposed in 
two rows, one row of eight furnaces (including the 
two in course of reconstruction) marking the original 
position of the works, while the other row contain- 
ing four furnaces is of later date, the furnaces com- 
posing it not having been begun until 1872. All 
the furnaces are 80 ft. in height, and of those in the 
older row two are 17 ft., two 24 ft., and two 25 ft. 
in diameter at the boshes, while the furnaces 
which are being rebuilt are 24 ft. in diameter. 
In the case of the four new furnaces the diameter 
at the bosh is 23 ft. All the furnaces are disposed 
in pairs, each pair being served by a hydraulic 
hoist placed between them. The blast heating 
stoves are arranged ina row behind the furnaces, 
and the calcining kilns in another row behind the 
stoves, there being six stoves and two kilns to each 
furnace, ‘The stoves are of the iron-pipe kind heated 
by gas from the furnaces, and all steam for the 
ble wing engines, &c., is also raised by gas. In the 
heating stoves the currents of gas and air are made to 
pass through in opposite directions, the blast leaving 
the stoves on the side next the furnaces having just 
traversed the pipes which are exposed to the greatest 
heat from the burning gases. ‘The ore, limestone, 
and coke is delivered at the tops of the kilns and 
bunkers by locomotive power, a long incline formed 
of slag giving the necessary approach. ‘The materials 
are all supplied from the mines and collieries of the 
firm, and the arrangements for handling them with 
the smallest amount of manual labour are well 
worked out, The furnaces are each blown with 
five tuyeres, the new furnaces being supplied 
with blast by three vertical blowing engines with 
100-in. blowing cylinders and 5 ft. stroke, made by 
Messrs. Gilkes, Wilson, Pease, and Co., of Middles- 
brough. These engines are of the same type as 
those at the Ayresome Iron Works illustrated on 
pages 188 and 189 of our thirteenth volume, and 
two of them are run to supply the four furnaces, the 
other one’standing as spare, The engines are con- 
tained in a fine engine-house capable of holding two 
more engines when required, and adjoining it is 
another engine-house containing the donkey pumps 
and the hydraulic pumping engines for working the 
hoists. ‘The boilers used are of the plain cylindrical 
type, 80 ft. long in all, but each made in two sections 
55 ft. and 25 ft. long respectively, these sections, 
being suitably connected by pipes. The smaller 
section, which is that furthest removed from the 
point of entrance of the gases, is that which receives 
the feed, the greater part of the deposit from the 
water being thus thrown down where the heat is less 
intense. 
Before leaving the Clarence Iron Works the 
visitors had an opportunity of examining, in course 
of erection, one of Messrs, Godfrey and Howson’s 
rotary puddling furnaces, which is being put up for 
use in Mr. I, Lowthian Bell's researches on the 
purification of Cleveland iron as described in his 
paper, of which we have already spoken, 





Tue Eston STEEL WORKS. 
From the Clarence Iron Works the members 
were conveyed by steamer down the River Tees to 
the Eston Jetty, where they were met by a train 
which carried them to the Eston Steel Works of 
Messrs. Bolckow, Vaughan, and Co, These works, 
now nearly completed, possess a special interest, for 
they are not only the first Bessemer steel’ works 


specially laid out for treating by the Bessemer pro. 
cess iron taken direct from the blast furnace. It will 
be remembered by many of our readers that the 
merits and demerits of this system of working were 
warmly discussed at the Barrow meeting of the Iron 
and Steel Institute in 1874, but since that date 
some of those who most condemned this system have 
become its advocates, and it has for a consider- 
able time — been in successful use at the Barrow 
Steel Works, and at the West Cumberland Iron and 
Steel Company's Works at Workington, although 
in each case the circumstances were somewhat un- 
favourable to its application. At Eston, where 
everything has been specially—and very ably— 
planned for carrying out this system, its success will 
in all probability be still more striking. Another 
feature of the Eston Works, which is new in this 
country, is the abolition of the casting pit in 
connexion with the Bessemer converters, American 
practice has been here followed, the ingot moulds 
being all arranged at the floor level. 

The Eston Steel Works are situated adjoining 
Messrs. Bolckow, Vaughan, and Co.’s other iron 
works at Eston, access to them being obtained by 
sidings from the Stockton and Darlington section of 
the North-Eastern Railway, and also by a line from 
the jetty already mentioned, this jetty enabling 
cargoes of ore, &c., to be discharged for the use of 
the works without incurring harbour dues. The 
blast furnaces, which have so far been erected, are 
three in number, but this number it is intended to 
ultimately increase to seven, of which six will be 
employed in smelting Bessemer iron, while the 
seventh will be used for the manufacture of spiegel. 
The blast furnaces are 72 ft. high by 23 ft. in dia- 
meter at the boshes, while their capacity is 16,200 
cubic feet. The furnaces will be employed in 
smelting a mixture of Spanish ores with Cumberland 
hematites, the production of each furnace being 
estimated at from 450 to 500 tons per week. The 
furnaces with their pig beds are sufficiently raised 
above the general level of the works to allow of the 
iron being tapped direct into the ladle carnage 
running on rails placed at the ordinary ground level, 
this ladle carriage conveying the molten iron to the 
converters. Due provision is made for running the 
iron into pigs when not required for the ladle 
carriage, while the arrangements are also such that 
the latter can have its charge made up of iron from 
two or more furnaces if required. The furnaces are 
served by water-balance hoists, and the whole 
arrangements of heating stoves, ore, and coke 
bunkers, &c., are well carried out. 

The steel works proper consist of a series of 
parallel bays of 64 ft. span from centre to centre of 
columns, and 30 ft. high to the tops of the girders 
from which the roofs spring. Eight of these spans 
have been already erected, and others have still to 
be put up. The Bessemer converters are situated 
in the end span nearest the blast furnaces, and in 
fact nearly in a line with the latter. The arrange- 
ments are made for two pairs of converters, but at 
present one pair only has been erected, The con- 
verters have a capacity of 6 tons each, and they are 
raised on a platform some 12 ft. above the floor 
level. By the courtesy of Mr. E, Windsor Richards, 
the engineer of the works, we were enabled to 
illustrate this arrangement about a year ago (vide 
pages 404 and 405 of our twenty-second volume), 
and we must refer to the engravings then given in 
further explanation of our present remarks, The 
molten iron is, as we have said, to be conveyed from 
the blast furnaces in a ladle carriage, and this ladle, 
which holds 8 tons, will, on its arrival at the con- 
verter house, be raised to the level of the converter 
platform by a hydraulic lift situated between the 
two converters. From the table of this lift, the 
ladle carriage will be run on to a traverser, which 
will enable it to be brought opposite either con- 
verter, and when in position the ladle will be tipped 
by worm gear so as to pour its contents into the 
converter which is to be charged, The whole of the 
details connected with the converter plant, such as 
the ladle and ingot cranes, &c., are admirably car- 
ried out, and a fair idea of the convenience of the 
arrangements will be gained from an inspection of 
our engravings to which we have already referred. 
The blast for the converters will be supplied at a 
pressure of 25 lb. per square inch by a pair of ver- 
tical blowing engines constructed by Messrs. Daniel 
Adamson and Co., of Hyde Junction, these engines, 
which have 40 in. steam cylinders, 54in. blowing 
cylinders, and 5 ft. stroke, being of the type illu- 





erected in the Cleveland district, but they are also 





the ovens, so that the coke can be shovelled direc; 


the first works in this country which have been 





strated by us in our number of August 28, 1874. 
The engine-house containing these blowing engines 
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TENACITY OF VARIOUS METALS AT DIFFERENT TEMPERATURES UP TO 500 DEG. FAHR. 


ConsTANT OF MACHINE 50.25. 
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also contains two pairs of horizontal engines with 
18 in, cylinders and 2 ft. stroke for supplying water 
to the accumulator for the hydraulic machinery, 
while adjoining these are the donkey pumps for boiler 
feeding, &c. : : E 

From the converters the steel will continue its 
course straight through the works until it is de- 
livered in the form of finished products at the other 
end, The reheating of the ingots and blocms will 
be performed in Siemens’ regenerative gas furnaces 
fitted with hydraulic gear for drawing and charging. 
It isintended to roll rails in three 30 ft. leagths, the 
ingots after the first heating being taken to the 
cogging rolls and drawn down from 12 in. to about 
74 in. square, and the blooms thus formed being 
then reheated and rolled off. The rail mill is a 
26 in. reversing train, driven by a pair of four- 
cylinder er me compound engines made 
by Messrs, Tannett, Walker, and Co., of Leeds. 
‘These engines are coupled direct to the rolls without 
the intervention of gearing, and they have high- 
pressure cylinders 36 in. and low-pressure cylinders 
54 in. in diameter, the stroke being 6ft. The high- 
pressure cylinders are placed on a line with the low- 
pressure cylinders and behind them, and the engines 
are very massive in all their proportions. : 

From the finishing rolls the rails are to be carried 
by aseries of rollers (projecting slightly above the 
floor and driven by a small pair of engines) to the 
saws, and thence they are passed on to the straighten- 
ing presses, which are of an exceptionally substantial 
pattern, Here also are numerous drilling machines 
for drilling holes for fish-plate bolts, these and 
other machines being driven by engines coupled 
direct to the shafting. 

Steam forthe various engines is supplied by twenty- 
four Lancashire boilers 30 ft. long by 7 ft. in dia- 
meter, constructed by Messrs. Daniel Adamson and 
Co., and made entirely of steel. It is intended to 
apply condensers to the engines, and it is hoped 
that ultimately the whole, or nearly the whole, of 
the steam required by the steel department will be 
raised by the gases from the blast furnaces. 

We must now conclude our brief account of the 
Eston Steel Works, but in taking leave of them for 
the present, we must express a hope that on a 
future occasion we may be able to describe them 
fully. The works have been admirably planned, 
and they afford abundant evidence of the care and 
judgment with which the details have been con- 
sidered, and the ability with which they have been 
carried out. 





From the Eston Steel Works the members were 
conveyed by train to Middlesbrough, where they 
were entertained at luncheon in the Exchange by 
the members of the Cleveland [ron Trade, while 
after lunch many works in the town and neigh- 
bourhood were visited. Of most of the chief works 
of Middlesbrough district accounts have from time 
to time appeared in our columns, and our space will 
hot permit us to deal with them further here. With 
the visit to Middlesbrough the meeting of the Iron 
and Steel Institute came to an end, and in conclud- 
ing our notice of it we are glad to be able to state 


* In a length of 10 in. 


papers discussed at it and the interest of its excur- 
sions fully maintained the character earned by its 
predecessors in past years. 





THE STRENGTH OF GUN-METAL. 
WE have been favoured by the ‘Director of Naval 
Construction with the following interesting par- 
ticulars of experiments on the strength of gun-metal, 

wrought-iron, and steel at various temperatures : 


Results of a Series of Experiments made in Portsmouth 
Dockyard with the View of Ascertaining what Loss of 
Strength and Ductility ta: lace in Gun-Metal Com- 
positions when raised to high Temperatures. 

The object of making these expariments was to see whether 

gun-metal would be more or less suitable than cast iron for 

making such articles as stop and a boxes, steam 
pipe connexions, fastenings, &c., which might be subjected 
to high temperatures, either from superheated steam, or 
from being placed in proximity to hot uptakes or funnels. 
The results of these experiments show that it is desirable 
to make further investigations on this important subject. 


Tenacity of Metals at various Temperatures. 

The method adopted for heating the specimens was an 
oil bath, near the machine for rn we | them ; the speci- 
mens were suspended in the oil out of contact with the 
vessel containing it, and the dies for gripping | them were 
also so heated ; the process of fixing and ing occupied 
about one minute, — which care was taken to prevent, 
as far as possible, loss of heat by radiation and conduction. 

The recorded temperatures are those of the oil when the 
specimens were taken out. 

In the case of gun-metal three or more tests were made 
at each temperature, and the results recorded in the Table 
are the mean, except in a few cases affected by defects 
in the metal. 

All the specimens of each composition were run from the 
same pot in the same manner, i.e., in a horizontal ition 
with a head of 24 in. to secure uniformity, except those in 
columns 1 and 2, which were purposely cast separately. It 
will be observed that those in No. 2 were stro at the 
atmospheric temperature than No. 1, and that suffer 
sooner by increases of temperature. It may be Cenrvel 
that ail the varieties of Spe ge suffer a gradual but not 
serious loss of strength and ductility up to a certain 
temperature, at which, within a few degrees, a t 
change takes place, the strength falls to about one- the 
original, and the ductility is wholly gone. At temperatures 
above this point, up to 500 deg., there is little, if any, 
further loss of strength ; the precise temperature at which 
this great change and loss of strength takes place, although 
uniform in the specimens cast from the same pot, varies 
about 100 deg. in the same composition cast at different 
temperatures, or with some varying conditions in the 
foundry process. The precise temperature at which the 
change took place in No. 1 series was ascertained to be 
about 370 deg, and in that of No. 2 at a littleover 250 deg. 
Whatever may be the cause of this important difference in 
the same composition, the fact stated may be taken as quite 
certain. The possibility of such a a taking place at a 
temperature so low in the best gun-metal, used for the more 
important parts of machinery and boiler mountings, is so 
important that we tested the point most carefully by re- 

ted experiments at the same temperature, both sorts 
ing heated at the same time in the bath. , : 
Phosphor-bronze, the only metal in the series which, 
from its strength and hardness, could be used as a substi- 
tute, was less affected by temperature, and at 500 deg. 
retains more than two-thirds of its strength and one-third 
its ductility; when this metal was we were not 
aware of the difference which may arise from variations in 
the process of casting, or difference in the quality of the 
material used, shown in gun-metal, and before ado it 
as a substitute for gun-metal this point should be for 
phosphor-bronze ; and also whether it is possible to harden 





that it was a meeting which by the value of the 


any of the other compositions without loss of strength. 





Rolled Muntz metal and copper are satisfac up to 
500 deg., and may be used as securing bolts with safety. 

Wrought iron, Yorkshire and re-manufactured, increase 
in — up to 500 deg., but lose slightly in ductility up 
to 300 deg., where an increase begins and continues up to 
500 deg., where it is still less than at the ordinary tempera- 
ture of the atmosphere. 

In Landore steel the is not affected by tempera- 
ture ef 500 deg., but its ductility is reduced more than 
one-half, 





THE DRY EARTH CLOSET SYSTEM. 
To Tue Eprror oF ENGINEERING. 
Srr,—A friend has called my attention to a letter in 
our impression of August 24, 1877, by Mr. George E. 
aring, Newport, R.I., on the dry earth system. If 
any replies have been made to the mistaken opinion of the 
dry earth system and to the still more singular theory re- 
specting the combustion of the ammonia received into the 
earth used in the closet, I know not. But whether this be 
so or not, I hope you will allow me space to disabuse the 
minds of your rs, and I hope of Mr. G. E. Wari 
himself, of such notions, and to convince them that bot 
Professor Voelcker’s estimate of the value of the earth 
closet manure is utterly incorrect, and that his, Mr. G. E. 
Waring’s, theory of combustion is equally groundless. 
wichudeest yah res Mr ens canton conieck ak 
unprofessional man, u own opinion agains 
of Professor Voelcker. I ‘will, therefore, with your leave, 
first give your readers the published opinions of two agri- 
cultural chemists, whose scientific opinions will with many 
as cot weight, I think, as either Professor Voelcker’s 
or . Waring’s. La are the opinions of Professor 
Church, of the Agricultural College, Cirencester, and 
coon arg” Mes wc Esq. F.R.A.8., and secretary to the 
Model and Experimental Farm and Garden Department 
of the Hereford Society for aiding the Industrious. On 
this farm and en, experiments on the use of the manure 
derived from the dry-carth system have for several years 
been conducted, and more recently under the prod and 
careful supervision of Mr. With on seyen acres of land. 
This gentleman has published a ‘‘ Manual of Moule’s Dry 
Earth System,’”’ from which I make the following extracts, 
re the principles on which the dry earth system is 
founded. 5 
“*T. If a weak solution of smelling salts be filtered 
through a layer of dry earth, it will be found to have lost 
the teristic odour of horn. On applying the 
proper chemical tests it will also be found that the smell- 
ing salt or carbonate of ammonia has been removed from 
pest anne by some peculiar power belonging to the dry 


‘*2. Ifa piece of tainted meat be buried in the ground it 
will lose its offensive odour in a short time. 

‘*3. If clay or common’garden soil, dried and sifted, be 
thrown over fresh excrement of any kind, it will entirely 
absorb all effluvia and prevent any disagreeable smell after- 


wards. ; 

‘4. Such dry clay or garden earth will suck up the liquid 
part of the very ont ; and if applied at once after each use 
of the seat, all smell and unpleasant appearance will 
be aes) a ; while the full value of the manure will be 
retained by the earth. Abont three half-pints of earth each 
time will be quite enough to oy me the desired effect. 

a ee e of these facts, the Rev. Mr. Moule, 
vicar of Fordington, Dorchester, has devised the simplest 
and most perfect method of sewage disposal yet known. 
He has named it the Dry Earth System. 

‘II. The great advantage attending the use of dry earth 
manure is that a continuous system of oe may be 
followed without any fear of the fertility of the 
soil. The manure is — just where it is wanted, and 
the ingredients are in the soluble form, ready to nourish 
the plant at once. The quantity recommended is quite 
sufficient to bring the crops to maturity, and to insure 
perfect vigour in every stage of growth. , 
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THE PENNSYLVANIA RAILROAD; DETAILS OF TENDER FOR 
































** Three crops a year may be grown on the same piece of 
land by planting crop between crop*. The very hour one 
crop is removed, the land can be dry manured and planted. 
This is not possible by any other system of cultivation, 
because the manure used must be dug in. Whereas the 
dry gs manure is applied directly at the root in the hole 
or - 

Again: ‘‘ The well-known chemist, Professor Church, of 
the Agricultural College, Cirencester, suggests the following 
explanation of the remarkable crop-producing power of the 
dry earth manure. 

‘Though the actual amount of manurial matter in the 
fertilised earth is comparatively small, yet that amount is 
intimately associated with carbonaceous substances in a 
state of rapid change; and these reduce it to a soluble 
condition in which it is readily available for the plant. 
These solvent substances also react upon the insoluble 
manurial matters existing in the earth before it was used 
in the closet, and present in the garden or field likewise, 
and thus add perhaps largely to the total amount of soluble 
manurial matter. 

** Again, the mode hitherto adopted in applying the dry 
earth manure is most favourable to the development of 
vigorous plants. By placing a store of soluble and highly 
ee food directly at the root of the young plant, 
we establish a magazine, from which at the critical period 
of its growth it can draw supplies of food just in propor- 
tion to its necessities. It has been ascertained that there 
is a period in the life of many agricultural plants when 
they require an extra stimulus to enable them to make the 
vigorous start n to rapid healthy and robust 
growth and maturity. If the stimulus be absent at the 
critical period the plant suffers, and in many cases never full 
recovers, no matter how much after-care may be bestow 
upon it. Such a stimulus isin reality a store of immediately 
available and comparatively concentrated plant food, like 
a spring top-dressing of nitrate of soda in the case of 
wheat, or the phosphate manure used so benefically with 
roots. Now, earth manure, if only twice or thrice as rich 
in true manurial matters as the earth used in its prepara- 
tion, must fulfil the offices to which reference has here 
been made.”’ 

Now whatever judgment your readers may form of Pro- 
fessor Church’s explanation of such a phenomenon, the 
existence of a remarkable crop-producing power in the 
earth-closet manure is, in his mind andin Mr. With’s mind, 
two able and practical chemists, fully established. Experi- 
ence has convinced them, as it has now convinced thousands 
of people, that although the ia of exor t, when 
once that excrement has become intimately mixed with dry 
earth, has passed out of the region of chemical analysis, so 
that no chemist can fetch it back, it has neither vanished 
into worthlessness, as Professor Voeleker would seem to 
say, nor has it, according to Mr. Waring’s theory, been 

urnt. 

The power of this manure is perfectly marvellous ; and, 
if you please, I will in another letter give you a few in- 
stances of that power. And yet shere is, as I hope I may 
soon be able to show, a far greater fertilising power in a 
right preparation and disposal of sink water and slops, 
either tely from the closet manure, or in various 
d s of combination with it. 

hatever Mr. G. E. Waring may think of my enthusiastic 
hopes, or of my disappointments during twenty years of 
devotion of my leisure — to the public good in a matter 
so closely connected with the improvement and increase of 
** National Health and Wealth,¢ I have stronger expecta- 
tions than ever that this vast value of house and town 


* I have this year, with the aid of sink water and slops, 
grown four crops. 
t See a work of mine with this title. 








(For Description, see Page 260.) 








refuse will —— | and perhaps speedily 
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compel a general adoption first in rural 
districts and then in towns of the dry 
earth system. 
I am, Sir, yours faithfully, 
Henry Movute. 








Ee —"t P 4 





P.S.—I observe that Mr. Waring has 
in his mind that fiction which, how- 
ever, claims high authority, namely, that the necessary 
supply of a town of even moderate size would denude 
te the depth perhaps of 6 ft., enormous areas of land 
in its vicinity, &. Let me then observe that there 
need not be even for London the denudation of a single 
acre of land for this purpose. This I stated nearly twenty 
yom ago. And for my own requirements, that is for a 
amily of eight or nine individuals, and for a school attended 
by 160 infants (since I have no land on which to apply for 
the larger portion of the manure), my servant has been 
using the same earth for at least four years. When more 
shall be required he will simply rake an inch off the surface 
of my 14 perches of garden ground.—H. M. 








THE BETHLEHEM STEEL WORKS. 
To THE EDITOR OF ENGINEERING. 

S1r,—The blowing engine at the Bethlehem Iron Works, 
described and illustra‘ in ENGINEERING of 14th ult., 
embraces several novelties, which I think no experienced 
aa on this side of the Atlantic would like to 

opt. 

I will not enlarge upon the excessive dimensions given to 
the steam valves, the very large flywheel shaft with its 
flimsy-looking plummer blocks, nor the unsafe practice of 
not having top guides for the crosshead, but will content 
myself with calling attention to the novel construction of 
air (?) —s one at the left-hand side of sectional 
elevation. It would hardly be possible to design a worse 
form of pump for the purpose for which it is intended, and 
the utmost, it appears to me, that it can possibly do is to 
see-saw the vapours coming from the condenser, and to 
vitiate the vacuum by admitting air at the gland ; in fact, 
the pump seems capable of doing more harm than good. 

The right-hand pump (with its valve grids made convex 
instead of fla 
air and water from the condenser, 
small to enable a good vy 


September 27, 1877. 


but is, of course, too 
obtained 





Yours obediently, 
W. ScHéNHEYDER. 





LOCOMOTIVE FIREBOXES. 
To THE EDITOR OF ENGINEERING. 

Sr1r,—In your issue of 7th of September, page 197, I 
notice as a continuation of American locomotive engineering, 
an article throwing considerable light on the comparative 
qualities of iron and steel for firebox stay bolts. 

Being a subject in which I am closely interested, and 
having under trial at present, I have much pleasure in in- 
forming you that I have had a new copper firebox put intoa 
goods locomotive in the summer of 1876, and commenced 
running train service en 1st September, 1876, and 
in order to practically test iron for stay bolts in place of 
copper, I had all the stays in the firebox made from selected 
bars of real Demidoff Siberian iron. 

The engine has run up to date 33,700 versts, equal 
22,330 English miles, and notwithstanding the use of hard 
anthracite as fuel, I find the heads of these stay bolts resist 
the abrasive action of the anthracite better than copper, 
and from internal examination no stay has broken; thus 
far soft iron for stay bolts recommends itself, although the 
ultimate life of these iron stays is difficult to predict. The 
local price for best Demidoff iron being about 141, 10s., for 
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copper 941. per ton. Figures, as you will no doubt acknow- 
ledge, are decidedly in favour of iron. 
I am, Sir, yours very truly, 
Tuomas URQUHART. 
Graiz Tsarstsin Railway, Borisaglehsk, Tamlaff 
Government, Russia, Sept. 15/27, 1877. 


AUSTRIAN ORDNANCE.—It transpired recently at Vienna 
that some of the officials of the arsenal had betrayed the 
secret of the new Austrian steel bronze cannon to the 
Prussians and the Italians. The traitors now stand before 
a court of justice. The secret which has been divulged 
appears, however, to have never been a very profound one ; 
the so-called steel bronze is nothing but | bronze ob- 
tained by a process which is a combination of three dif- 
ferent systems. The first is Rodman’s, viz., the hollow 
casting effected by cold water in the centre; the second is 
Whitworth’s system of casting under pressure ; third 














is an addition of phosphorus to the alloy. 
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LOCOMOTIVE FIREBOXES. 
(Concluded from page 253.) 

Means for Promoting a more Perfect Combustion.—To 
the question as to whether it is beneficial to admit air to 
the firebox above the grate, in the use of bituminous coal, 
a large majority answer in the affirmative. Those who 
answer in the negative claim that in the use of fine grates, 
and by running with a thin fire, equal if not superior 
results are obtained. ; 

Mr. Johann, of the Toledo, Wabash, and Western Rail- 
way, says, “‘In my experience with the coal used on this 
division, it has been found that a sufficient quantity of air 
passes through the grate to effect complete combustion, 
and that hollow stays have a hurtful effect rather than 
otherwise.” 

Mr. Rufus Hill, of the Camden and Atlantic Railway, 
using a semi-bituminous coal, says, ‘‘ Have experimented in 
burning smoke, and must say successfully, by admitting 
the air in furnaces directly over the surface of the fire. 
Dispensed with the use of the ordinary door and used an 
arrangement inside of firebox worked by a small notched 
lever placed on fireman’s side, or, in other words, an inside 
firedoor. The quantity of air admitted in the firebox, and 
the manner admitted, is a subject that has often been dis- 
cussed, but from my experience I feel confident we can 
finally accomplish burning smoke, and save some fuel. 

‘The mileage of the engines experimented with showed 
an increase over the old door arrangement.”” Mr. Jas. M. 
Boon, of the bears Fort Wayne, and Chicago Railway, 
says, ‘It is beneficial to admit air above the grate, about 
7in. above the grate bars, on all sides of the firebox.” 
‘*‘ We are using two square inches area of opening to one 
square foot of grate surface.’’ ‘‘ Believe better results 
would be obtained by more air openings, but cannot get 
more in.” 

Mr. Chas. R. Peddle, of the Vandalia line, says: ‘‘I 
consider it an advantage, especially in diminishing the 
amount of smoke.’’ ‘‘I consider the best point to put in 
the holes on the back of the box, say the fourth row of 
stay-bolts from the bottom, using tubes of 1}in. outside 
diameter. This will bring the holes about 12 in. from the 
grate.” ‘‘I think lin. area of opening to 1 square foot 
of grate will do very well.”’ 

Mr. C. M. Higginson, of the Chicago, Burlington, and 
Quincy Railroad, says in regard to admitting air above the 
grate: ‘‘ Decidedly yes. As close above the coal as 
possible on ail sides. For locomotives the ae of 
‘hollow stays’ area to grate surface should vary with 
different coals, from one-sixtieth when the fixed carbon is 
60 per cent. to one-fiftieth when it is 55 per cent. These 
proportions will vary for different coals, and each road can 
easily determine by experiment. It is safe to sa; 
that for western coals one-fiftieth is a good working ratio.”’ 
‘* We have used in connexion with hollow stays, as above, 
the Jauriet water leg, and the brick arch.’’ The latter is 
the cheapest and gives the better combustion.’’ ‘‘ We use 
hydraulic pipe with a hole $in. in diameter for the hollow 
stays.”’ “In a 66in. box we use three bricks 4in. by 9 in. 
by 33in. to 36in., placed across the firebox.”’ ‘‘ They rest 
on tubes similar to those used on the Pennsylvania Rail- 
road.”” ‘‘ Many of our engines will give a uniform result 
of 7lb. of water evaporated per pound of coal burned.”’ 
“The figures are reduced to an equivalent evaporation 
from 212 deg. to equalise feed-water temperature.’’ ‘‘ Under 
moderately careful firing they make absolutely no smoke 
when working steam.”’ 

These are some of the replies received on the subject of 
the admission of air above the grate. Your committee do 
not undertake to harmonise the different views expressed 
by those believing that the admission of air at such point 
is beneficial and those who do not. The admission of air 
above the grate can be useful only in one particular, to 
furnish oxygen to unite with the gases evolved from the 
coals that otherwise will not receive it, and as a conse- 
quence pass through the tubes unconsumed, rendering no 
useful effect. An excess of air is hurtful, from the fact 
that it lowers the temperature in the firebox, to that ex- 
tent giving back no heat in return, as only the requisite 
proportion of oxygen will unite in combustion with the 
carburetted hydrogen,' and the excess of air, whatever 
quantity that may be, will not burn, but absorbs heat and 
carries it off. The quantity of gas evolved from the coals 
In agiven time is constantly varying, in the usual way of 
firing a locomotive. For instance, after coals have been 
placed in the firebox and subjected to the heat for a few 
seconds, the gas is evolved from it and the air passing up 
through the opening between the lumps and particles, it 
burns with a white clear flame, the combustion being then 
nearly or quite perfect. If air is then admitted in consider- 
able quantities above the grate, it serves no useful purpose 
at that particular time, but rather the contrary. Then, 
ina few seconds more, several shovelfuls of fresh coal are 
thrown in, filling up or covering over the small air openings 
between the coal on the grate, cooling the interior of the 
box to a certain extent, ‘and ‘at the same time the gases 
from the fresh coal are evolved, needing a supply of oxygen, 
without which they will not burn. Yet that supply of air 
is to a great extent cutoff at that particular moment by the 
closing of the openings from below, as stated; and if air 
1s not admitted above the grate, in liberal quantities, 
combustion of the gases is not accomplished, or only 
m part, and the result is a cloud of smoke, until the 
greater portion of the gases is driven off, and air again 
finds its way up through the coals, to give the remainder 
of the gases the requisite oxygen for their perfect com- 
bustion, this operation being repeated every minute or 
two, or oftener, while running. 

As about one-third of the Resies value of bituminous 
coal is the vombustion of its gases, it is of very considerable 
importance that it be accomplished with the least possible 
waste ; a the difficulties to be overcome, to accomplish 
thatend, are greater than are generally ocknowiolged. 





The difficulties are in supplying the requisite quantity of 
air to the gases, at the ri Bt time and place, needed for 
their perfect combustion. If through the grate and the coals 
on it, we find that at the time that most is needed is just 
when it is the most difficult to get it in that way, and when 
the least quantity will be supplied. If through fixed open- 
ings above the grate large enough to admit the maximum 
quantity needed at a given time, then too much is admitted 
when the minimum only is required. If we depend for the 
requisite supply from both sources, the case is not altered 
ineffect. Perhaps no better arrangement can be adopted in 
practice than a sort of compromise between admitting too 
much when the minimum is required, and too little when 
the maximum is needed. The area of such openings above 
the grate to accomplish that object best will vary with the 
kind of coal used, and can only be determined by test or ex- 
periment in each particular case. 

Your committee are under obligations to Mr. Howard 
Fry, of the Philadelphia and Erie ; Charles Graham, of 
the Delaware, Lackawanna, and Western Railway ; Jacob 
Johann, of the Toledo, Wabash, and Western ilway ; 
James Sedgley, of the Lake Shore and Michigan Southern 
Railway ; Charles R. Peddle, of the Vandalia line, and 
others, for drawings and sketches furnished in explanation 
of matters presented in their reports to us, and in illustrat- 
ing the different parts of the locomotive assigned us for 
investigation. 

Respectfully submitted, ; 

R. Wells, Master Mechanic Jeffersonville, Madison, and 
Indianapolis Railway ; Jacob Johann, Master Mechanic 
Wabash Railway; S. J. Hayes, Superintendent of 
Motive Power, Illinois Central Railroad; Chas. R. 
Peddle, Superintendent Motive Power, Terre Haute and 
Indianapolis Railroad; N. E. Chapman, Mater Me- 
chanic, Cleveland and Pittsburgh Railroad, Com- 
mittee. 








BLISTER STEEL, 


On the Cause of the Blisters on ‘‘ Blister Steel.’’* 
By Joun Percy, M.D., F.R.S. 

In the process of making steel, which is so oot rac: 
tised at Sheffield, bars of iron, usually of Swedish or 
Russian manufacture, are imbedded in charcoal powder, 
and kept heated to bright redness during about a week or 
ten days, according to the degree of carburisation desired. 
Carbon is thereby imparted to the iron, and steel is the 
product. The bars operated upon are generally about 3 in. 
broad and ? in. thick. How the carbon finds its way even 
to the centre of such bars, is a question not yet satisfac- 
torily solved, though it possesses high scientific interest, 
and been much discussed. It is not, however, my in- 


Y | tention to consider that question on the present occasion ; 


but to communicate to the Institute experimental evi- 
dence as to the cause of the singular phenomenon which 
accompanies this process of converting iron into steel, 
namely, the occurrence of blister-like protuberances on the 
surfaces of the bars. This appearance is so characteristic 
and so constant, that the name of ‘‘ blister-steel’’ is applied 
to such bars. The protuberances are hollow, exactly like 
blisters, and vary much both in number and size; some 
are not larger than peas, while others may exceed an inc 
in diameter, and they are not always confined to the surfaces 
of the bars, for I have a specimen of “ blister-steel’’ in my 
collection, in which there is a single blister as large as a 
small hen’s egg, protruding equally from each of the flat 
opposite surfaces of the bar. 

ith regard to the cause of these blisters, there has been 
a difference of opinion. I will take the liberty of making 
the following quotation on the subject from my volume on 
‘Tron and Steel,’’ published in 1864: ‘‘ They (i.e., the 
blisters) appear to be due to internal local irregularities 
and gaseous expansion from within, while the iron was in a 
soft state from exposure to a high temperature. There is 
no doubt that all forged bars, for reasons previously 
assigned os which I stated in considerable detail}, contain 
more or less interposed basic silicate of iron irregularly 
diffused throughout. Now, what should be the effect of 
the contact of carbon, at a high temperature, with particles 
of this silicate? Most probably the reduction of part of 
the protoxide of iron with the evolution of carbonic oxide ; 
and if this be so, then it seems to me, the formation of 
blisters may be satisfactorily accounted for. Admitting 
this explanation to be correct, a bar, which has been made 
from molten malleable iron, should not blister during 
cementation [the term used to designate the process in 
question of making steel]; and, should this prove to be the 
case, it would not be cult to prepare such a bar with 
particles of cinder {ferrous silicate] imbedded, and, by sub- 
sequently exposing it in a converting furnace, ascertain 
positively whether blisters would occur only in places cor- 
responding to the cinder.’’—(page 772). 

It has, I think, been conclusively proved that all bar 
iron manufactured by charcoal finery processes, or by 
puddling, must contain, intermixed, some of the slag, 
which results from the conversion of pig iron into malle- 
able iron by such processes, in which, let it be remembered, 
the malleable iron is never actually melted. In the quota- 
tion which I have given, I mentioned only ferrous silicate 
as constituting the slag; but I ought, also, to have in- 
cluded free oxide of iron, doubtless magnetic oxide. The 
bars converted at Sheffield are chiefly Swedish, and are 
generally manufactured by the so-called Lancashire process. 

On a visit to the great steel works of Messrs. Firth, at 
Sheffield, in February last, Mr. Charles H. Firth was so 
good as to undertake, at my suggestion, to settle the 
question whether blistering would occur in the converting 
process in the case of a bar of iron which had been actually 
melted, and so freed from all intermixture of ferrous 
silicate, or magnetic oxide of iron. The experiment was 


* Paper read before the Iron and Steel Institute at New- 
castle. 








accordingly made, and with good effect, of confirming, and, 
I think I might almost say, establishing the correctness of 
the explanation which I ventured to submit con ing the 
cause of the formation of the blisters. On the 9th of last 
May, Mr. Firth informed me that he had melted Swedish 

iron, and cast it into a flat ingot, which he had car- 
burised in the converting furnace in the usual manner ; 
and, at the same time, he forwarded to me a piece broken 
from the ingot, after conversion ; this piece was about 6 in. 
long, 3 in. broad, and a little more than } in. (exactly 7’) 
thick ; it showed a fracture at each end, characteristic of 
converted steel, but there was not the slightest indication 
of a blister. 

The other experiment, which I suggested, seems scarcely 
to be needed, namely, that of cementing a cast bar of 
malleable iron, in which bits of slag, or magnetic oxide of 
iron, had been imbedded. But should any one be willing to 
make such an experiment, probably the best way would 
be to cast an ingot of Swedish iron, drill a hole or two in it, 
to the —_ of about the centre, insert a bit of slag in one 
hole, and a bit of magnetic oxide of iron in another, then 
plug up the holes hermetically by means of a screw or 
otherwise, and convert in the ordinary way. 

I have great pleasure in publicly acknowledging my 
obligation to Messrs. Firth for permitting me, on several 
occasions, to visit their works, and for their uniform kind- 
ness in other respects ; and, I may add, that I have never 
visited any works from which I have derived more instruc- 
tion and pleasure. 








THE MINES OF CORNWALL AND DEVON. 
Physical Phenomena Connected with the Mines of 
Cornwall and Devon.* 

By WaRINGTON SmytTu, M.A., F.R.S., President of the 
Royal Geological Society of Cornwall. 
(Concluded from page 236.) 

LET us now take a rapid glance along the district with 
which we are concerned. The eastermost points in the de- 
velopment of these mineral- ing agencies in South 
Devon are the east and west lodes, which a few miles 
north of Exeter intersect—at a small distance from the 
parallel line of fault between the two formations, one the 
carboniferous slate, the other the new red sandstone. They 
were traced and worked many years ago; the former for 
lead ore, the latter for manganese. 

In the valley of the Teign the first of the great cross 
veins makes its appearance. Boldly explored in the Frank 
Mills Mine, in Wheal Exmouth, South Exmouth, Christow 
Consols, &c., a series of fractures, sometimes in three 
lodes, with their intermediate ground, amounts occasionally 
to as much as forty fathoms in width ; and the products 
a been lead ores, barytes, and chalybite, or carbonate 
of iron. 

On the west of this the east and west veins begin to 
appear; at first, near Hennock, bearing micaceous iron, 
then passsing into Dartmoor, exhibiting tin ore associated 
with the latter mineral, as at Birch Tor and Vitifer mines, 
and appearing again as sporadic tin lodes at several other 
places on the moor. To the south of the great mass of 
granite several lodes continue this general direction by 


h | way of Ashburton, whilst on the north a considerable 


amount of copper ores has been raised from the curious 
and sometimes very powerful courses of garnet rock, 
which, apparently a product of intense metamorphism, are 
seen at Belstone Consols, Fursdon, and Wheal Forest. 

On the west of Dartmoor we appear to leap at once into a 
crowd of nearly parallel lodes, which continue with but 
little interruption to a mile beyond the granite protrusions 
of Hingston Down and Kit-hill. The typical character of 
the right running loads of tin and copper presents a marked 
contrast with the cross-veins of quite different mineral 
aspect, which in the case of the Tamar mines, near 
Beeralstone, have been worked as highly productive 
sources of silver lead. And, as a proof of the vast impor- 
tance of the lines in which I hope to interest you, and 
which on the ordinary map look so short and meaningless, 
I would crave permission for a few minutes to employ, as 
it were, a larger scale, and to glance at a single example 
of the social and commercial aspect of the study. A small 
patch of ground on the west of Tavistock, showing one of 
these lode-lines of three miles in length, is the scene of the 
working of the Devon Great Consols mines. Here the 
operations, begun only in 1844, have yielded up to April 
last, a total amount of 3,226,4261., and the clear profit to 
the shareholders has been 1,192,9601. Employing from 600 
to 1000 men, the excavations in the solid’ rock have 
amounted in shafts and winzes to upwards of nine miles in 
length, in galleries or levels to more than thirty miles ! 

The break of continuity in the run of the lodes between 
Kit-hill and Caradon = one may say between Callington 
and Liskeard), is varied by a remarkable group of north 
and south veins, those of Menheniot, which have been 
worked deeply for rich silver-lead ores; whilst a near 
approach to the granite on the west brings us again to a 
multiplicity of lodes more or less productive of tin and 
copper. From Sharp Tor and Phoenix on the north, through 
the various C on mines on the south, they may be 
reckoned as some thirty in number ; a few of them, as in a 
batch of students turned out from a college, having given 
great results, some turning out very indifferently, and 
others never having had a fair chance of an advantageous 
start 


These various objects of the study of many men and many 
years are situated, so to speak, within sight of this our 
place of meeting. For the more remote districts it is not 
possible in a limited address to do more than point out that 
as we pass farther on towards the western limits of the old 
Bolerium, we note similar conditions prevailing, until in 
the district bounded by the Wendron granite on the south, 


* Address delivered at the general meeting of the 
British Association at Plymouth. 
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and that of Cligga and St. Agnes on the north, we find 
the greatest development of lodes and the richest produc- 
tion of the mines. Here, in fact, in a region of nine miles 
in width may be counted up as many as fifty or sixty 
parallel lodes, some of them more or less continuous for 
miles in length, and intersected af cross courses also of 
great extension and regularity. The districts of Gwinear 
and Breague, now, I regret to add, almost deserted, are 
remarkable for the interlacing of the ordinary and of 
caunter lodes, and that of St. Just for exceptional characters 
about the course of the lodes, which combined with the 
majesty of the beetling sea-cliffs have made the glory of 
the submarine mines. 

We may fairly conclude, on turning back and weighing 
the preceding evidence, that after the deposition of the 
slaty strata, including the carboniferous beds, which are 
so well exhibited from Launceston round by Okehampton 
to Exeter, this region was invaded and pierced by the 
granite. A first series of fissures formed chiefly in a direc- 
tion from W.S.W. to E.N.E., tore asunder both granite, 
slate, and greenstone, and was filled with ‘‘elvan’’ or fel- 
sitic porphyry. Certain bands of this rock are termed stan- 
niferous ; but I think there are strong reasons for supposing 
that the oxide of iron was introduced into them at a sub- 
sequent period. Next followed in a very uncertain range 
of time the successive classes of veins above enumerated, 
and which some authors, as notably the late Mr. Jos. Carne,* 
would extend in number to nine. All these events, com- 
mencing after the disturbance and metamorphosis of the 
carboniferous slates, appear probably to have been com- 
nleted beneath a vast mass of overlying strata, and per- 

aps also the waters of an ocean. 

Sir H. de la Beche, in the admirable chapters of his report 
bearing on this subject, couples together ‘‘ mineral veins 
and faults.’’ Let me illustrate the interesting analogy 
between some of our lode fissures and the coal-measure 
faults of Lancasbire which have been so well mapped and 
so tersely describedt+ by Professor Hull, of the Geological 
Survey. 

A first series of fractures, the “‘ Pendle’’ system, con- 
sequent apparently on a violent folding of the strata, 
crossed the great coalfield of Lancashire and Yorkshire, ina 
direction bearing E.N.E., and dislocated the seams prior 
to the deposition of the Permian strata. 

A second, the ‘“‘ Pennine’’ system, coursing north and 
south nearly, and through a great extent of country, ap- 

ars to have been Post-Permian ; and a third, ranging a 
Rittle to the west of north, was considerably later, certainly 
after the new red marls, and effected a difference in the level 
of the strata, in some imstances to the amount of above 
3000 ft. In all these cases, where the amount of “‘ throw’’ 
is known from actual measure, the quondam inequality has 
been worn down by natural degradation until no trace of it 
is to be seen at the surface. 

We lack in these western counties the means of obtaining 
similar dates; and the evidence of dislocation produced by 
lodes in the adjoining or ‘‘ country’’ rock is often highly ob- 
scure. Had we a distinct stratification of materials, as in 
Yorkshire, and in Alston Moor, there would be no question 
about it; but in our extensive bodies of very uniform 
granite, or confused and almost homogeneous killas, let us 
see what evidence can be obtained. 

If we view the question theoretically, there can be no 
doubt that the tension of a portion of the earth’s crust, sub- 
jected to folding and contortion in a certain direction, would 
when the force acting upon it reached a certain degree of 
intensity, cause disruption; and whether we conceive with 
certain authors that the cause is to be sought in a move- 
ment of elevation from below, or with others that the 
gradual contraction of the globe has produced the crumpling 
of the outer crust and the concomitant lines of fracture, 
the result would be a crack, or perhaps a series of fissures 
running through the given area in a definite direction. 
Moreover, according to the conditions of the strain and the 

lasticity of the , we should find a displacement on 
opposite sides of the fissures so produced. In the North of 
England every lead miner becomes familiar, from the clear 
contrast of the successive strata, with the fact of the 
almost universal, but very variable ‘‘ throw’’ attending the 
presence of a vein. 

In this our western district it is often noticeable that the 
rock on one wall of a lode is of a different character from the 
opposite one ; nay, that sometimes one wall may consist of 
elvan, the other of killas. Furthermore, that when the 
lodes are traversed by crossed veins, fully 80 per cent. of 
them are more or less displaced, or heaved. The amount 
of such dislocation will generally be from a few feet to 
three or four fathoms, but in some cases is far more con- 
siderable, and would appear to have been'produced by lateral 
movement. Thus at the Devon Great Consols, in the 
western part of the mine, the lode is heaved no less than 
80 fathoms horizontally, in the direction of the right hand ; 
and the noble tin lode of Dolcoath, now richer at the 
great depth of 366 fathoms than it has ever been in shal- 
lower workings, is similarly heaved, at the eastern boundary 
of the mine, through a distance af 70 fathoms. But it is 
especially in looking into the structure and materials of 
the lodes that a conviction of their long and complex 
history will be arrived at. One part will be found to be of 
mechanical origin, and closely related to the rock mass 
forming the sides or walls; the other due to chemical 
action, and in no small degree utterly foreign to the sub- 
stances forming its neighbourhood. Thus among the first 
are the angular fragments of adjoining country, often of 
many fathoms in height and length, horses, which are 
enclosed, sometimes very slightly tumbled from their posi- 
tion, by branches of the lode. Sharp fragments on a 
smaller scale, tokens of recurring movement and trituration, 
are also enveloped in crystalline paste of many different 














* “ Report on Cornwall, Devon, and West Somerset.” 
Longman, 1839. 
t Quarterly Journal Geological Society, 1868. 


kinds, forming breccias, which constitute large portions of 
some of the more powerful veins. Sometimes one division 
of a lode will exhibit a compact mass of chemically deposited 
minerals, whilst another branch consists of f t 


analyses made of rails manufactured by M . i 
Gilkes, and Co., from iron puddled in their Denke — ¢ 
which it may be interesting to insert in this place.” 





ragm 
matter, which will suggest that the twofold nature of the 
vein — is due to the opening of the fissure at successive 
periods. 

Witness is borne again to the repeated rending in the 
same plane by the occurrence of faces or divisions parallel 
to the main walls, sometimes coated with crystals pointing 
from the side to the interior, in other cases forming the 
surface upon which a sliding or grinding action has taken 
place. Onsuch faces we may see, as in the coal-measure 
** faults,” polished slabs, slicken-sides, sometimes found 
continuous for many fathoms together, and in which fine 
strize or sometimes bold grooving, like that of the floor of 
a glacier, indicate the direction of former movemeuts. The 
fine polish, the variety of material and the parallelism of 
the striation, have long attracted attention, and have been 
the oecasion of some curious hypotheses by eminent men, 
who have erred, as I think, by examining their specimens 
in the cabinet and not on the large scale. The existence of 
lines pointing in different directions has been cited as an 
objection to the view which I am advocating ; but it may, 
I believe, be simply referred to successive disruptions and 
the complexit, of the movements. 

Of no less interest, but, in unskilful hands, beyond the 
scope of an hour’s address, is the subject of the filling of the 
lode fissures with the chemically deposited minerals which 
appear as vein stones, or as the metalliferous ores for 
which the mines are worked. Exhibiting in exceptional 
cases a certain order in their arrangement, they are more 
commonly confusedly intermingled, and yet often in such 
wise as to confirm the views above stated as to the long- 
continued operations and successive steps by which the 
lodes have been formed. Sir Humphrey Davy thought 
that as ‘‘ crystallisation must be preceded 4 chemical solu- 
tion, or by a division of matter tantamount to solution, ele- 
vation of temperature offered the most obvious means of 
explaining the production of combinations capable of de- 
positing crystals.” 

Werner’s ideas were strangely different, ascribing the 
filling of the lodes to depositions from a sea bottom, through 
agencies to which we have no clue open to observation. 
Other geologists have looked to segregation from the adjoin- 
ing rocks, which, though able to furnish some of the 
materials as the calcite of the veins in limestone districts, the 
asbestos of hornblendic compounds, and the quartz of our 
old silicious rocks, is quite unable to account for the pre- 
sence of other constituents. Conversely the lode is often 
seen to have supplied the country rock with mineral, as 
notably in the stanniferous caples or silicified bands, which 
so often swell the dimensions of our lodes both in granite 
and slate rock, until a breadth of from an inch to 8 ft. 
or 10 ft. of what was originally simple country is suffused 
with silica, cassiterite, and pyrites. Altogether untenable 
would the same hypothesis seem to be when we contem- 
plate the rich and massive deposits of metallic mineral, 
not a particle of which is to be found disseminated in the 
stone from which these theorists would derive it. And 
again the telling objection arises that in some instances 
parallel lodes coursing, as it may be said, side by side, 
are occupied by mineral substances of two totally different 
classes. Thus at East Budnick, at afewfathoms asunder, 
one lode with E. and W. course carries tin, another bears 
lead and zine blende; and at Wheel Newton (Harrow- 
barrow) at the present moment a south lode is a mere 
mundic or pyritous lode, a northern one, parallel to it, but 
inclined in the opposite direction, is a flucan, exhibiting 
such a course of ruby silver ore (pyrargyrite), with its 
faithful accompaniment of chalybite, as to worth hun- 
dreds of pounds for every fathom. 

For the last quarter of a century the researches of Bischof 
and Daubrée, and the reasoning of Elie de Beaumont on 
metallic emanations, have introduced the more satisfactory 
views founded upon the circulation of thermal waters as 
the agency employed. Aided by the clear evidence estab- 
lishing the increase of temperature in depth, and by a 
careful appreciation of the gaseous emanations from 
voleanoes, as well as the solid constituents of mineral 
springs, the later observers have been enabled to recognise 
strong points of analogy with the grouping of the elemen- 
tary bodies, of which so large a proportion distinguished 
the composition of the tin lodes. And although, up to the 
present time, our notions as to the original sources of the 
metals are but crude guess work, and their uncertain and 
capricious distribution has defied all attempts to educe an 
general principles, it may be hoped that, based on the | 
vance of physics and of chemistry, we are tending towards 
a sounder theory of the phenomena which exercises so 
powerful an influence on the welfare of the country. 





THE PURIFICATION OF IRON.* 

On the Separation of Carbon, Silicon, Sulphur, and 
Phosphorus in the Refining and Puddling Furnaces and 
in the Bessemer Converter ; with some Remarks on the 
Manufacture and Durability of Railway Bars. 

By Mr. I. Lowrutan Bett, M.P., F.R.S., Rounton 

Grange, Northallerton. 
Part II. 
(Continued from page 257.) 
WHEN I last addressed you on the subject, I believed, as 

I do now, that such a furnace as that of Mr. Danks will 
probably enable us to deal more successfully with the re- 
moval of the phosphorus in particular than hand puddling 
had been found capable of doing, especially when the 
element exists, as it does in Cleveland pig, to an extent 
varying from 1.3 to 1.5 per cent., or more. 

Since the date of my former paper, I have had many 
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It will be observed that there is a considerable a 
fluctuation in the quantity of phosphorus retained by tie 
iron in the examples just given, at the same time, I am 
assured, and my own observation, to some extent, confirms 
it, that the irregularity referred to is being gradually 
lessened at the works of the above-mentioned firm. 

Two or three thousand tons of rails have been manu- 
factured for the North-Eastern Company by Messrs. 
Hopkins, Gilkes, and Co. Many of these were formed out 
of a solid bloom in the following manner: The puddled 
ball, weighing about 10 cwt., was reduced to a compact 
cylindrical form, 18 in. in diameter by 30 in. long, in a 

inslow squeezer, and taken direct to a steam hammer 
under which it was set on end, and flattened first into a 
circular mass. From this, the bloom, about 10 in. square, 
was drawn without previous reheating. These were taken 
to a ball furnace, wash-heated, and reduced in a cogging 
mill ‘ready for the rail train, after which a second wash- 
heat made it fit for rolling into a finished railway bar. 

The rails so manufactured had generally a fine crystalline 
fracture. They were usually capable of being bent side- 
ways cold without breaking. In power to resist impact, 
they exhibited a certain degree of irregularity, but to a less 
extent than happens with iron rails made from piles with 
iron puddled in an ordinary furnace by hand. 

Some rails made by Messrs. Hopkins, Gilkes, and Co. 
inthe manner described, stood four blows from the 672 lb. 
weight falling 16 ft. without fracture, the deflection, at the 
end of the trials, ranging from 2}; in. to 2,5; in. 

Analysis of eight such rails gave the following results, 
the — four of which were tested in the manner de- 
scri : 











Carbon. Silicon. | Sulphur. | Phosphorus. 
A | -106 092 | 009 143 
B -104 078 .008 .093 
Cc -100 -202 .008 .076 
D -046 079 -005 074 
E | -046 .079 005 074 
F | -109 | 078 .008 .093 
G 100 | .202 | .008 076 
H -092 -009 143 
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Rails so much stronger than those produced from piles 
as these were shown to be, and, with a homogeneous and 
crystalline fracture, gave promise of good results in point 
of durability. Of this, under the ordinary strain, on a 
moderately straight road, to which a railway har in use is 
exposed, it would, perhaps, be premature to speak. On 
the North-Eastern Railway, however, there is a curve 
approaching the High Level Bridge, at Newcastle, over 
which there is so heavy a traffic, and the radius of which is 
so short, that an iron rail of the common description will 
not stand for more than twelve months, without ae 
symptoms of rapid wear. To the surprise of all who ha 
examined the solid rails in question, those laid down in 
this locality were not three months at work before unmis- 
takable signs of want of strength became apparent. The 
iron seemed so soft that it squeezed out on the outer edge 
of the inner rail of the curve. : 

The following analyses were made of rails which had 
failed on this portion of the line. 








Removed | 
after Months Silicon. | Sulphur. | Phosphorus. 

of Wear. | | 
2 | 060 | 025 078 
24 _ . .022 074 
2h 12 | ‘03 ‘110 
2 ll 018 .180 
2} | .150 045 .230 








Admitting that the product obtained by puddling ina 
revolving furnace is unsuitable for rails, possibly from its 
purity, there is every reason for believing that this form 
of apparatus is calculated materially to improve the quality 
of malleable iron for general purposes. _ 

In point of tensile strength, the bar iron so manufac- 
tured stands well, even when compared with the best 
marks known in the trade. The following trials are certi- 
fied by Mr. Kirkaldy. : : 

When it is remembered that the three brands with which 
this particular make of Messrs. Hopkins, Gilkes, and Co. 
is compared have received so much more work than the 
bars of this firnt, the contrast cannot be regarded other- 
wise than as satisfactory. I believe that I am correct in 
stating that the bloom from the hammer is wash-heated, 
drawn down into a billet, cut up, reheated, and rolled into 
the finished bar. 

It may be added, in proof of strength, that merchant 
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iron from the mechanical forge of this firm is being used 
almost exclusively at the Clarence Works for the ordinary 
repairs of the establishment with very satisfactory results. 











. Amount of 
| Ultimate Stress : 

| per Square Inch —— a4 
of Original Area. 

| 





Sulphur. Phos- 


Carbon. | Silicon. phorus. 





A blown 5 minutes... ... -156 042 -389 
Bg agnnn be os 5] hee 072 -407 
= OR pe set ae -120 019 -76 

BO gg OP gg ay OS, 156 -030 -707 











Fracture. 
| > ar 1g 
ins, Gilkes, and Co. | 4.4 4 
aan amen 23.2 29.0 
a es 24.2 32.1 
9” ”» 22.9 22.4 
: » | 56s 24.9 
Low Moor *... ae pee 26. ‘ 
Thorneycroft rivet TH S 26.67 22.4 
Lord Ward ¢{3 W RO “1 26.71 18.6 





The iron rails made from blooms from the Danks furnace, 
or occasionally from thick bars or slabs rolled from the 
bloom, ase | as has been shown, entirely inadequate to 
stand the work on the High Level Bridge curve. This 
failure led to a trial being made, by case-hardening 
upwards of 1100 tons of rails so manufact . It was 
hoped that with the margin of strength afforded by the 
new mode of manufacture the danger arising from brittle- 
ness, as already described, would be avoided. 

The extent to which the rails were impregnated by car- 
bon can be inferred from the following analyses. The 
rail head was planed down at three different times to 
a total depth of three-sixteenths of an inch, and each 
sixteenth examined separately for carbon : 


Percentage of Carbon. 


Outer a yd 
1 Inch. zs Inch. neh, 
5 e45 *515 75198 
931 .310 .150 
623 231 .030 
.868 434 .300 
-740 .696 .190 
1.013 .675 434 
1.013 .608 .468 


The figures just given, anda great number of other 
analyses, show that the actual wearing surface of the rail 
contained, as a rule,fully twice as much carbon as the 
general run of those of Bessemer steel. This circum- 
stance, by adding to the hardness, would, it was hoped, add 
greatly to the durability of the bar. 

Four rails bore six 16-ft. blows from the falling weight 
without fracture, the deflection being j in., and one only 
showed symptoms of giving way. 

The following trials with the falling weight of 672 Ib. 
were made on the premises of the North-Eastern Railway, 
the supports being, as before, 3 ft. apart : 





In power to resist a falling weight, rails so made were 
very wr 4 and, on the whole, not satisfactory. One 
blow of 672 lb., dropped on rails placed on supports 3 ft. 
apart gave the following results, at the Tudhoe Iron Works, 
where they were manufactured : 


Pig Metal. Blows on Rails. 
A 5 minutes blown 1 of 4 ft. broke it. 
B pas 5 increasing up to 10 ft. cracked it. 
Cc ~ 1 of 4 ft. broke it. 
D ra 5 increasing up to 8 ft. cracked it, 


In order to avoid any danger from the brittle nature of 
such hard iron as this, rails were made from a hammered 
slab containing this excess of phosphorus, placed on blooms 
or slabs of iron puddled in a Danks furnace. 

On the whole, these rails proved somewhat more durable, 
when exposed to the traffic on the High Level Bridge curve, 
than those formerly described, but none stood out above 
five months. 

With regard to the experimental iron rails already 
described, the time they have been laid down does not 
permit me to say much respecting their durability when ex- 

sed to the ordinary traffic of a railway on a straight line. 

ere seems no doubt, however, that those made from iron 
puddled in a Danks furnace from Cleveland iron are too 
soft, and are therefore less fit for their work than those 
manufactured from iron of a less pure character. On the 
other hand, the same rails. when case-hardened, are giving 
results under what I have designated as ordinary traffic, 
which are, so far, described as pretty good. 

Those made of metal previously treated in the Bessemer 
converter are a little irregular in quality, but seem to be 
improved by case-hardening. 

It must not, however, be forgotten that, in none of the 
cases just mentioned, have we as much as twelve months’ 
experience to speak from. It remains, therefore, to be seen 
whether the rails which during this short period of trial 
have not given way, will afford any inducement to pursue 
the inquiry, should considerations of price hereafter render 
such a line of conduct a prudent one. 

At the works of Terre Noire, in France, it was found 
that a far larger quantity of phosphorus might be present 
in a steel rail than was formerly thought possible, without 
seriously impairing the malleability of the metal while in 
rocess of manufacture, or of rendering it dangerous while 
in use, from excessive brittleness. All that was re- 
quired in order to secure these two conditions was to keep 
the percentage of carbon below that found in steels of the 





usual make. 





Blows. Height of Fall. 
10 beginning at 1, and increasing to 10 ft. 
7 » 1 9 7 ft. 
11 9 1 a 11 ft. 
5 Ke 1 ‘és 5 ft. 
5 ja 1 = 5 ft. 
7 7 ft. 


99 1 > 
10 viz., six blows of 3 to 8 and 4 of 18 ft. 
3 1, and increasing to 2 ft. 


18 1 %9 18 ft. 





—. Broke. 
1§ solid bloom 10th blow. 
aes nF ink 7 
iar wae. 
és sa be om 5th ,, 
2 eee ee 
a ee are en 
24 bloom _... isis ee 
¥ slab “al de ‘a Srd ,, ae 
outside 
Gh bloom .. .. ... 18th BS Fn ne 





To some extent one might be prepared for some irregularity 
in the strength, although, perhaps, not to the extent ex- 
hibited in these trials ; but what was a little extraordinary 
was the difference observed in different pieces of the same 
rail. Asan example, one rail broke after receiving a blow 
of 1 ft. and another of 2ft.; while one of the halves stood 
i blows, the last being 6ft. before fracture took 


The next series of experiments is that in which, in the 
hope of hardening the wearing surface of the rail, an ex- 
cessive amount of phosphorus was purposely retained in 
the iron. This was effected in the way incidentally men- 
tioned in the first part of this paper, i.e., melted Clarence 
Pig was blown, for about ten minutes, in a Bessemer con- 
verter, and transferred to a puddling furnace to complete 
its conversion into malleable iron. The richness in phos- 


phorus of each iP ; 
results : stage can be ‘judged of by the following 














weet * ,' 
— a8 =5 ~ # 
He) Pic) 2.0 
es | Es | S85 
rl a Pvelan 
oe ee eee ee 
When blown for 20 minutes ... = 1.66 72 
” 10 99 1.492 1.513 d 
” o 1.423 1.469 -701 
inbuieanieaaten ee aE 





- the poddled iron the phosphorus mentioned is probably 
omew A ~ Pe nor pe Se presence of adhering 
cinder. olowing shows the composition of some of 
the rails made from iron blown from 5 to 10 minutes. . 








The Weardale Iron Company took up this branch of the 
gpa and succeeded in rolling a sound railway bar 
rom a mixture containing as much as 90 per cent. of 
Cleveland iron, the remainder consisting of their own 
Weardale pig, containing only a minute quantity of phos- 


phorus. 

The Cleveland iron was puddled and hammered, and 
then melted in a Siemens furnace with the purer pig iron, 
and to this combination the usual quantity of spiegeleisen 
was added. 

The process, from its nature, was not one which could, 
in the matter of cost, be brought into competition with a 
rail made from hematite iron, either by the Bessemer 
process or that of the ——— 

The North-Eastern ilway directors, however, for the 
sake of the knowledge that a trial of such rails was caleu- 
lated to afford, ordered about 45 tons of the company who 
had been at the trouble and expense of pursuing the inves- 
tigation in question. By analysis these rails were found to 
contain : 





Manganese. Carbon. | Silicon. | Sulphur. | Phosphorus. 





.385 -120 012 .048 -285 
503 166 015 044 .386 
592 165 016 052 337 
346 -148 015 042 375 











can = these rails broke at ow yma blow, fang oe 
t) .» beginning at one and increasing to four feet 
bearin; being, as formerly, three feet apart. The next 


Rhode Island. 
its removal. Work has been 
sh of the Philadelphia, Wilmington, and Baltimore 
Railroad Com 


1876, and out of the entire quantity something like 14 bars 
have been turned, veg by portions of the heads breaking 
off by the action of the trains, while four broke right 
through. The remainder seem to be wearing well. 

The few tried on the High Level — curve were unable 
to stand the severe strain of the t on that portion of 
the company’s line. . 

I have now described the means employed to ascertain 
the strength and oe of durability possessed by iron 
rails manufac’ in different ways, as wellas the quality 
of an experimental lot in which steel was the material 
employed, the steel being unusually rich is phosphorus but 
deficient in carbon. Having done this, I hope, with suffi- 
cient minuteness, I must ask the attention of the meeting 
while I deal in a similar way with steel rails of the ordi- 
nary make. : 

A weight of 672 Ib. having little effect on good Bessemer 
steel, one of 1800 lb. was employed, and it may be paren- 
thetically remarked, that a good iron rail broke, when case- 
heotlenal. with a fall of 3 ft. to 34 ft. from such a weight 
as that described. The same results were obtained with 
rails from Danks’ blooms, though occasionally this kind 
of iron was capable of standing a much heavier blow than 
this before it broke. With steel made from hematite pig, 
either by the Bessemer or by the open-hearth process, the 
rails are, no doubt, immensely stronger than any, where 
iron is the material employed. 




















| 
° 
P e=] 
Rails. if Fall— Feet, 3 aan: 4 
lo ms 
Fe z 
Open-hearth steel) in. 
rails stood _...| 4/5, 10, 15, and 20 3], Without breaking. 
Sheffield rail stood 11\3 to 11 ft. 4 ” ” 
” ” 15 1 to 15 ft. 17}|Cracked. 
Lancashire ,, | 3/2of 20, andlof27ft| 7}/Broke. 
Cumberland ,, 5|27 ft, 5] wy 





In the matter of wear, it may be remarked that some steel 
rails, made in the earlier days of the Bessemer process by 
the Weardale Iron Company, lasted for ere in the 
very curve which destroyed the iron rails alre described, 
the latter showing signs of distress in as many days. 
Roughly, it may be assumed, on the authority of Mr. T. 
E. Harrison, that good steel rails will last three times as 
long as the usual run of those of iron. 

With iron therefore at 61., and steel at 61. 10s., it is clear 
that having such factors of durability and price, it was use- 
less to hope that the former could compete for a place in 
the market, at all events where the rails are intended to 
accommodate such a heavy traffic as that which obtains on 
the main line, and on many of the mineral branches of the 
North-Eastern system. 

Before dismissing the subject of rails, I may, perhaps, be 
allowed to add a few words on the vom page which I, in 
common with many others, have noticed inthe strength of 
railway bars, uced, so far as could be ascertained, under 
the same conditions. This is apparent in the experiments, 
already described, with the falling weight, but this want of 
envnty often occurs in different portions of the same 

r 


After breaking a bar with the falling weight, the two 
halves were tried by the same mode. Sometimes the latter 
stood a higher test, and sometimes an inferior one. e 
case of case-hardened rails, a couple of blows of 2 ft. or 3 ft. 
would cause fracture, while to break the separate portions 6 
or 8 blows, beginning at 1 ft. and increasing to 6 ft. or 8 ft., 
were required. One half of an iron rail not previously 
hardened was very brittle, while the other half was broken 
with considerable difficulty. An analysis was made of each, 
the samples being taken from the face of the fractures : 


Brittle Strong 
End. End. 


Carbon sud = sk oe .039 -138 
Silicon ved wk oh ~ 189 .179 
Sulphur... te a sie 034 031 
Phosphorus ai sed 346 386 


From what has preceded, there is nothing in these figures 
to account for the difference referred to. 

A Lancashire steel rail broke on being unloaded from a 
truck, and was found to contain : 


Carbon a .231 
Silicon ... -281 unusually high, 
Sulphur i bee -086 
Phosphorus ... say a 054 


Itis a well-known fact that bar iron, such as Low Moor, 
and also, as I have found, a fine grained iron puddled from 
Cleveland pig in a Danks furnace, will bend double, when 
cold, without breaking ; whereas, on making a slight nick, 
takes place atthe first blow. Possibly, in the case 
of rails, there may be come blemish on the outer surface 
which causes them to give way in the manner described. 


(To be continued.) 








AmeERIcCAN Mecuanicat Inpustry.—The Lewistown 
(Maine) Machine Company has contracted to build 300 
looms for a southern cotton mill. The looms are especially 
constructed for the weaving of coarse cottons. The 4 
Corliss engine in Machincry Hall, Philadelphia, has 

taken down and ed ready for removal to Providence, 
venty railroad cars will be required for 
resumed in the locomotive 


ilmington, Delaware, and all hands 


gs at 
broke at the sixth blow, ing at one and increasing a | previously paid of have been re-employed. Tho Baltimore 
W. 


foot at each blow. 


Steel rails, thus manufactured chiefly from Cleveland | mains to Messrs. Jesse Starr 


ater Board has awarded a contract for 5000 tons of water 
and Sons, of Camden, New 





pig, have been in use on a mineral branch since August, | Jersey, at 25.45 dols. per ton, the lowest bid. 
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Holders up ‘for rivetting 
ines, ac., 1 tod 
CW Errecocorecsesececesesccrese . 2g 


METALS. 
2 6. Zz & 
ANTIMONY ORE (perton})— 12 © i¢ © 
Hegulus (Star) ....coccccceree 48 0 eo °@ 
Briss (per ib.) - s, 4d, s. da. 
Sheets,i8x 24... ° °o °e 1 
Yellow metal .. o 6§ oe 7 
UASTINGS, TYNS AND CLBVB".ARD 

(per ton)— & 6. £ +4. 
CHEAOrS ..0.00.c0eee8 ectccene § © 6 © 
Chairs 3 5s 4 10 
Pipes ... $ to ° @ 

Oorrsr (per tou) — 
CRU DOTS .,...000-ceccceen 65 10 66 © 
Australian .....0 . 4 @ st 0 
Knglish tough, Desta.ecese 72 0° 73 10 
” ingot .., 733 0=C« ~~ = 
Sheets, &. .., 73 © co «(C8 
BIOUIOEEE. co.cc iscccoscescvoreee 9H 2G Sf ® 
Ts0N Orgs (per ton)— s. 4. s. 4, 
Red hematite, British 12 (© 13 

” ” puddiing 16 o 3 © 
Inon Pie (per ton)— 

Barrow No, 1 .s.ceeee 65 0 63 © 
© NO. 2 coves. » @& 6 64, © 

o No.8 ... 62 o 64 © 
Cleveland No. 1 4~«C«6 45 #0 
” * ~« 0 © co 0 

e eo we 42 «66 co °o 

. 4 (orgs) 39 3 39 6 

Other QUALICIO’ .c.cc00008 08 © eo «(8 
Welsh (South Wales) w- 1$ @ 80 © 
» (North Wales)... 62 o 78 © 
No, 1. No. 8. 

Beootch Pig— a «¢. a, 4. 
G.m.b., at Glasgow....08 §§ 6 s2 6 
yo a nga qpeneces oa 6 ss. 
Coltness., eccoscesee OF 6 $s © 
Ss lee bo 0 $4 CO 
Langioan 63 «(6 ss 6 
Carnbroe $7. 6 330 (C6 
Monkland.,. $3. 8 g2 6 
Oly de....cercerserserees 53 © $3. 
Govan, at Broomielaw... ae | se 66 
Calder, at Port Dundas... O61 © $3 °@ 
Glengarnock, at Ar- 

QEOREBE ..,,corcrrrecceennce 602 © §4 § 
£glinton, ditto. - §6 © 52 6 
Daimellington, ditto. eocose $$ 6 $3 0 
Carron, at Grangemouth 65 o 64 © 
Ditto, specially selected yo o° a 
Shotts, at Leith ........... 62 : $6 0 
Kinneil, at Bo'ness... 50 {i 6 

(The above all deliverable dees de). 
a. s 4, 
Shropshire oo ..s.se+ ° fo °@ 
North Staffo o 72 © 
South ” ° to 
Yorkshire Thornaby Pig. 60 © 65 © 
Ridsdale Nos.land?.,, 99 ©o 100 o 
daon, WaovucuT— £ 6. & «8. 
Cleveland angles. 6 3 6 5 
ee bars ... $ 17 6 0 
e puddied bars... 3 17 4 0 
@ boiler plates, 8 o 8 10 
e rai 5 10 $ 13 
” ship plates ® 10 o 15s 
” sheots....... 7 15 °° 
Scotch bars ..,.... o 15 7 © 
nail rods. 7 10 8 so 
Staffordshire bars © 10 8 to 
” 8 @ 9 1 
” 9 10 1 © 
hoo ree 8 © 9 19 
Wolsh rails, 8.W. $ 10 5 15 
° 0° © 10 
e teller plates, SW 9 m © 
» hoops, S.W. ..... 8 © @ 1 
LBAD ( Sn ger 
Soft English + Fe oo 8 ao. 6s 
20 610 ar @ 
Spanish ° eee 00s ° 19 10 19 17 
Sheet ,....... a2 «© 22 10 
paceruca Buona - 

(per owt.) . eeecesteeres § 12 7° 
bomen (wer bottle) 7 ¢ ° 
Scrap ( 

Old rails or re- »-mana- 

PACLUTO ....ccrcssererceeree 4 © se 

SPs.Tes (per ton) - 
Silesian, ordinary ........ 19 § 19 10 
S *1RG SLEISEN (per —— 
ost.. men 6 © 6 10 
Ooumnse eeccecceccsccsoree ote 0 $ 10 
STSEL (per ton) — 
Bost Cast ........0+ ° o 8 

- double shear . . ° an | 

» Single , ° se le 
English spring ° a2 (Ce 
Blister ... ... ° o @ @ 
Milan ...... ...00-+ nem Ge ye oe 
B rails 7 @ 7 10 

te BYTOS....crccesserse 10 © 12 © 
ee BIOS ...cccocerse 10 10 12 @ 
” j 5 8 § 
ae te 7 te 
Seust. Castines one we 
Hydraalic cylinders in 

the rough not to ex- 

ceed 6 ft. in ama es 4d. s. 4, 

guarantee! . eoccecee 4 ° 28 06 
Do, do finished » o 34 «(0 
Pinions and cog wheels 3 ° 23 0° 
Hammer tupe, faces, 

ewagen, 5 ewt. and 

QDOVES ..cccocecsceccercesesces ° 4 «CO 


PRICH LIST OF MATERIALS. 





STEEL CASTINGS - Continued, 8. 
Side cranks, cross heads, 
crane wheels, engine 

slites, #Cc. .,..... 24 
Tumbler bars and other 
castings for dredging 

















PUFPOS IG... ccerceseereeres 20 
Swevish [BN (F.0.b,) at 
~yreesnatied - £ 
i ocse 5 
Bar rolied.. 100.0 4 
, bammered.... 12 
Tix on ton) — 
ar 
Billiton 0° 
Banca ., <o 
English 1 
English bars... 7° 
English refined, rh 
Australian..........0ceve oo 06 
TIN PLATES (per box) - 8. 
LO, Charcoal ieccorcessoree 3 
“ 29 
LU. coke 19 
» « 26 
Zinc (per ton)— £ 


Sheets, English 
Wigs, Fencing .. 
» Telegraph (g 


sevccesseree 32 


3d) 16 


COALS AND COKE. 


COALS (per ton)— 
Barrow ....secee-s0 eeccececcee 
Bristol ..... 
Derbyshire .. 
Lancashire .., 
Newcastle and Durham... 
Bcoteh 
Staffordshire , 
Welsh ........ 
Yorkshire... 


Coxs— 
Cleveland 
Durham... 


SO wa wo ce 6 * 











anne ceecese 
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OILS, GREASE, & LUBRICATORS 


OILs (per TBR) ncoccercoccccceces 








Seal, brown = 
ai pale ... 33 
rm head 8o 
Sporn pale 35 
» Yellow 33 
» brown 23 






| a mE 

PerRoLsum— a 

Fine (per gallon) .,.. I 

» Spirit...... ° 
PiroH (per cwt)— 

Britiad ..,.00..cccocceccecoesee 8 

Arch 1 8 





PLumBaGO (per cwt.)— 
Ceylon lump .... 












» chips 
90 BABE ...000 a. ccccceeee 
RatLway Gaeeass (per 
OWt.)—RO80'S ....ceceereeeee 28 
Pritchard, Offer and Go’ 3 
concentrated ......0006060. $2 
Resin (per cwt.)— 
American ..,... $ 
TALLOW (per cw 
N. American .. 4° 
S. American bee 43 
— pata a 
Australian — eee 42 
4c 
St. ee... ta 4t 
English, town . » 
Rough, English . Oeietgcoces 12 
Tag—Stockhoilm (per bari.) 18 
Archangel ., eco-ne 36 
TURPENTING ~Spirit— 
American (casks) . a 
WIPINGS, engine (per “owt, 0° 
CHEMICALS, 
Acips— 8. 
| Aquafortis (per Ib.) ..... ° 
Sulphuric acid (per ib) ° 
Sulphuric acid, brown... © 
Ammonia — Muriate (per £ 
CON)....00 e000 eccccsesen .cccecee 688 
ARSENIO— 8. 
White, lump (per owt.) ... 26 
Powdered (percwt.) .. 8 
BLEACHING powder percwt. 6 
BorRax—refined (percwt.) 4° 
Beimsrons (per ton)— & 
eae. 
Flour .. wey 
Roll... ES 
Correnas - green (ger 
COD) —.....0 es00 ecceee 
CopPér — Sulphate we 
CWR.) ccccccccccccccscccccesce BE 





LEAD, Sats, &c., “(per owt) — 





Acetate, best $5 
Brown » 23 
Red... eosene 33 
White ....... ane . 2 
LITHARGE (per owt). woccccce | 98 


VotasH—Bichromate (per 
IB.) ecocccccescsccccseces: er | 
SALTPETRE (per ton.) 
English refined, kegs as 
) 








da. 


fos 


~ 
ecowPowwono 


~ 
~=ocoo « 


12 
19 
to 
ir 


io) 
1° 
19 
i 


37 
20 
33 


37 


26 


22 


O° 


eoo 


FeeeecPocoeoeeo 


oo - 
eo 0 


SADR SCORAOF 


8. 
19 
2 
19 


- - 
e Coo co "oe e000 
oo * 


° 


eooocooec oo ° 


Foc co om gung ee 


= - 
“coco 


° eoacce o 





TIMBER, DEALS, &e. 


LONDON 











(Por Petersburg standard) £ 8. 
Archangel lst yellow...... 19 © 
- 2nd ° 
Petersburg ...0-+ sees 5 
Wyburg.. ° 
Petersburg & ‘Riga ‘white 9 10 
Unristiana deals, best 
sorts, yell.and white... 13 © 
Norway deals, other 
sorts .... 8 o 
Norway battens, 6 5 
Swedish deals mixed .,. 10 © 
Swedish deals ard ........ 13 10 
Swedish deais, inferior 
and 4th o2 00 seseeees 10 
(Battens 6 Js. less than 
deals) 
Fiviand deals .......c000008 12 © 
o battens .....0068 9 10 
e H. 8. deals .. 8 § 
a H. S.battens... 7 10 
AMERICAN DEALS— 
16 9 


Quebec — bright pine ... 
and 


ww 10 10 8 


” » 


- 

— 

uO 
eoo°o 


400 
45 0 
gi°9 ° 

t, 


érd 7° 
Floated pine 40s., 20s,, “and 10s., less for 1s 


2nd,and 3rd, "respectively. 


Oanadian spruce, 1st...... 10 
pa 2nd... 8 
pes a Brd .. 7 
New Brunswickspruce,,, 8 
Ditto battens . 


° 
oO 
° 

zo) 


7 10 


N. 3. & P. E, Isle spruce 7 10 
U.S. pitch pine ........... 12 15 


AMERICAN TIMBER—(per load) 
Red pine (mixed and 


















buildi $3 10 
Do. for yards ‘and ‘spars 410 
Yellow pine, large ... $0 
Ditto waney board 40 
Ditto smail ....... 3 15 
Pitch pine..,. » $ 9 
Oak, Quebec ... 6 10 
Do. United State: 5 0 
Elm, MR .ccceee: 410 

BO csccee-cccenccess ZZ. 
Birch, Quebec large . 44 
Masts, red =the eos ; 2 

»  Oregon.. 7 10 

a Kawrie., 8 0° 
Indian teak . 10 10 
British Guiana 

DEALT ....r0cccresresseerre 8 0 
Australian ironbark ,,,... 6 § 

BALTiIc TIMBER (per load) 
Big fF nccccccccccccccccccccses §§ 10 
Dantzicand Memelcrown 4 o 
» Ist middling... 3 10 

» geod, middling, 
and 2nd....... 3 3 

» common mid- 
eeececcccccecce §68 10 
» unde 2 10 

» Small, short, and 

irregular 25 
Stettin ... 215 
Swedish 210 

” ecccscee 3 § 
» end Norw 
DAIS .....cccercese-coerseees EIS 
FLOORING BoaRps wer 8q. 

of 1 in.)— 

First yeliow..... om 
whi 2 12 
Second qualities ... 10 
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WHOLESALE Prices OF TIMBER, DEAL, &0. 
From British NORTsa AMERICA. 
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foot string measure) £ 
Quebec yellow square ,,, © 
7 Waney board, o 
St. John’s, N. B., 18 in... © 
Miramichi and — 
CHALOUT .....0.00000008 ° 
Richibucto .., ~ 
Nova Scotia and Princo 
Edward Island ,,,...... ° 
Quebec red ........, ° 
Uak, Quebec (1st) ° 
Elm , evsesé ° 
Ash  _ eee ° 
Whitewood ,,,...ccccceee. © 
—, Canad and 
Uni eeeeee ° 
Birch, ‘St. Senne, &c.N.B, © 
uebec....... ° 


ova Scotia “and 
Prince Edward Island o 


D&SALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, Ist... 18 
Quebec — pice, and (3 


st. John, "Bangor, - 
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£ad £ aa 
Pitch pine planks ......... orj3g e184 g§ 
United States cak jogslst © 2 0 © 2 7 
(Per load calliper measure) 
Cast Indian teak (per ld) ” eo mwego 
Greenheart .,.,.. - © 700 
Demerara Morra. 2€ - is ° 0 8 oO 
bullet tree (per foot)... © 2 0 o 2 6 
FaOM THE BALTIC, £0. 
(Per cb. ft. string measure) 
Fir timber, Riga red ...... ot¢ a.3-4 
Fir timber, Dantzic and 
Meme! crown ... emteseess¢ 
Ditto, ditto, otherkinds o 1 2 © 1 4 
Srettin seeeee....0 ma .2*e 63 4 
Swedish... oe 3.9 64 4 
BOPWAS 000.2 ccorcoscoccocese e©ornm e118 
WAINSCOT (Logs calliper 
measure) 
Riga, &C., CrOWD...... © 6 3 © 6 g 
Ditto brack .....000 °©5 0° 0 5 6 
Ovwk timber, “Dantzio 
(striug measure) ...... ©2320 03 3 
Pit props per linealyard o © 2 © o 4 
DEALS, &c.— 
(Per Petersburg standard) 
Kedwood, Archangel, and 
Omega, 18 ...0s000000 27 © 8 19 0 0 
Ditto, ditto, 2nd ........ 14 0 © 1§ 0 0 
Redwood, Petersburg 1si 19 10 © 17 10 © 
” ” 2ud 13 10 © 1410 © 
” Wydurg weer 12 0 9 15 5 0 
” Uleaborg ee rioo%w2e?es9sd 
os Gothenburg .. «, IL 10 © 31410 0 
° Gefle and Stock- 
holm ,,,.....13 © © 16 0 0 
e Memel , : ©1200 
pe Norway....... ° g10 0 
° Ditto white... 7 © 9 715 © 
MAHOGANY, &c. (per foot 1 in.) 
City St. Domingo ee7 @O@8 ¢ 
Cuba . oo uv © o10 
Sabicu .... ee 4 866 
Uedar, Havana, &e. °oo4 0008 
Sleepers, Hacxmatack, “each 
9K 10x5 °os$6 040 
» Pine © 30 © 3 6 
e Hemlock ; e 02323 0° 2 6 
® Fir cccccoccccccccccce @ § 9 O § O 
HULL, 
(Per load). 
Memei crown fir timber... 4 7 6 0 0 0 
2nd 310 © gig 0 
Riga and Dantzic ‘ist aa 466 4650 
» 2nd - 3°00 3100 
Swedish, edeepeenanieen . 2100 300 
smi . . 276 210 0 
Mining timber ......csseeceeese 117 6 200 
(Per cubic foot). 
Quebec CLM ....cereccrerrerseee © 2 ¢ G8 3 6 
- birch org 022 6 
= BBD seoee 020 03 32 
St. John’s birch . ory 0320 
Pitch pine, hewn tonsa 2 8S 
SawWD ... ove 4 ¢ 
(Por Petersburg standard), 
Best Arch, and Unegared.., 19 10 © 20 0 © 
» Pet red3xll&3x9 19 © © 1910 © 
» ” white .. 11 © © 1210 0 
Wyburg red,....0......c0crees 14 10 8 If 19 © 
Quebec ist pine .. coe, 233 0 © 35 0 © 
o 2nd ,, 15 § © 0 0 © 
pe trd ,, 1010 © 11 0 O 
ee 4th , -« wm © 86 $@m 0 
Gefle and Soderham mixed 14 10 © 16 0 © 
Bultic Ist red flooring bds. 14 © © Ig © © 
DittO WILE ..cccococccocseseceee IL O O IL 10 O 
Charge for labour 2s. per standard for deals, &c. 
and Is. 6d. per load for timber. 
WEST HARTLEPOOL, 
(Per cubic foot ) 
Dantzic good middling fr... o 1 3 9 © © 
Ditto common middling fir o o 11g © 1 cf 
Sundowall tir .......++. ecccece o10 o18 2 
(ver Petersburg standard, ) 
a ay ot oo RA 1% 00 8 8 
Getle Ist red deals .. 1610 © 17 § @ 
» wad ecee 1310 0 © 0 @ 
» 3rd yy . 200000 
eo . e gwoee0o 0 
» unsorted white deals 
Co ae ve ©: eese io eo 80 8 O 
Tunadal Ist red 1s 10 0 16 5 © 
ee battens. 1410 © 1412 0 
pa brd red deals . mise 80 OO 
Dattens cn. 10 § © 09 0 0 
Gottenburg 3rd redbattens 10 15 © © © 9 
Petersburg Ist red deals... 17 9 © 18 § © 
Quebec Ist pine 3in. x 7in 
and upwards ..........-.000 3210 © © 0 0 
Ditto, ditto, 2nc . If 19 0 9 0 @ 
Ditto, ditto,3rd .... niin Se 4-2 @ &-@ 
Charge for labour 2s. per standard for deals, &c. 
and ls 6d. per load for timber. 
WISBEAOH. 
(Per Petersburg standard. 
Gefle Ist reddeals ......,17 109 09 9 09 @ 
2nd o a °o e000 
» srdred ‘deals pote ae © 6 @ 
Peversburg Ist red battens 10 5 © © © 0 
Christiana white battens... 910 © 912 © 
Tunadal 2nd red , «1 1§ 0 9 9 @ 
i ra ,, «w. 1010 © 10 2 6 
3rd ,, deals an oe a 
Wyburg Ist red deals ......14 § © 1415 © 
” battens ...12 © © 19 § ®@ 
cee ura and 
timea~—~;~£€ 4:48: 0° 6 @ © 
ws § @oeo 


wyeers ¢ 2nd Ted 


Free on railway tracks. 
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NOTES ON TORPEDOES.—No. XXII. 
TorPEDO DEFENCE. 


Havine described at some length the several | 
forms of moored torpedoes, or, as they are technically 
called, submarine mines, we will now proceed to | 
illustrate the manner in which they are employed 
in combination for harbour and channel defence. 

Fig. 158 represents an imaginary harbour de- 
fended by torpedoes, the presumed width of the 
navigable channel being about one mile, and the 
mouth of the harbour itself, say, two miles. The 
lines of torpedoes marked 1, 2, 3, are placed across 
the entrance at a distance of from two to three 
miles from the town; each line consists of seven 
torpedoes, each of which should contain a charge of 
500 1b. of compressed gun-cotton, and be placed so 





as to converge on one signalling or converging 
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station ; of course this station only becomes a necessity 
when it is desired that the torpedoes in question be 
so arranged as to allow of their being exploded 
either by contact or from the shore by observation. 
The firing and converging stations are connected b 

a four-core electric cable, one conductor for eac 

line of charges, and the other for telegraphing. The 
telescopic ares A A A, shown at the converging 
station, are each provided with a single fixed tele- 
scope which commands one of the lines of mines; 
while those shown at the firing station, and marked 
BBB, are provided with telescopes that are capable 
of being revolved on their axis by means of a wheel 
and pinion arrangement, operated by a small mill- 
headed screw ; each of these arcs are provided with 
seven sighting pieces—as described in a previous 
article —one sighting piece to each torpedo, fixed 
1 & position correnjepaing to the position of the 
said torpedo as indicated by the telescope during the 
operation of mooring, and are connected so that one 
arc commands one particular line, and is in connexion 
with that line only; each arc at the firing station 
marked respectively 1, 2, and 3, being connected 
electrically with the arc at the converging station 
bearing that particular number, so as to include 
each individual line in a separate circuit, and thereby 
render firing by observation practicable. Each arc, 
both at the og and converging station, is pro- 
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vided with ke closi : : 
pernssse ys for closing at will any particular 








Conyens 


A signalling and shutter apparatus c with seven 
indicators—also described in a previous article—is 
attached to each telescopic arc at the firing station 
and in connexion with the same individual line o: 
torpedoes. 

One battery of a hundred cells—modified Le- 
clanché—is placed at the firing station, and is con- 
nected one pole to earth and the other to the firing 
terminal on the shutter and signalling apparatus ; 
but although attached to the apparatus it has no 
connexion with the torpedo wires until one of the 
indicators fall. The dropping of the indicator arm 
may be effected either by the simultaneous. action 
of the observers at the two stations, or by a vessel 
striking the circuit-closer in-connexion with and 
floating above the torpedo. A signalling battery 
of two cells is also connected with the shutter and 
signalling apparatus, the mechanism of which is so 
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arranged as to permit of the current charging all 
the conductors connected with it, yet no perceptible 
rt must to earth without the circuit-closer 
eing struck, when the full force of the current 
would instantly circulate, and trip the indicator arm 
belonging to the circuit-closer struck, thereby 
switching in the firing battery current, and s0 
explode the annexed charge. is system of firing 
may be in operation both night and day, but firing 
by observation can only be carried out in clear 
weather, when the approaching vessel could be 
clearly discernible with the telescopes of the firing 
and converging stations: Supposing an enemy's 
vessel were seen advancing in the line of torpedoes, 
but still outside the furthest line; the moment she 
covers one of the torpedoes, as observed through 
the telescope at the firing station, which must be 
moved rapidly from one to the other of the fixed 
sights that indicate the position of the several mines, 
as often as the vessel changes its course, closing at 
the same time the key cusrecpeneins to the sight on 
which the telescope rests, and keepin them closed so 
long as she remains covering them, But the observer 
at the converging station would wait until the vessel 
came on his line, breag nie Ser only 7 ee was 
crossing, and if she did not cover any lo in 
passing, the operator at the firing station watching 
would have no key down, and consequently no 
torpedo would be fired. As in this case she would 
be passing through the space between two torpedoes, 








and advancing on the second line, the key of the 
second line would then be closed at the converging 
station, the effect of which would be the completion 
of the electrical circuit, providing the operator at 
the firing station had compressed the key posseins (ning 
ing to one of the charges situated in the second line, 
thereby tripping the indicator belonging to the 
torpedo named, switching in the firing battery, and 
so exploding the mine, the two observers simply act- 
ing the part of the circuit-closer when struck. 
Should the vessel, however, strike the circuit-closer 
before both keys are closed the explosion would be 
brought about independent of the operators, so that 
both systems of firing are in operation at one and 
the same time, each entirely independent of the other. 
The channel is also guarded by a system of electro- 
contact torpedoes placed a mile or so in advance of 
the outer line of large torpedoes. In our diagram 
each of the two lines of torpedoes is shown con- 
nected with the firing station by means of two 
single-core cables, but it is also proposed to employ 
a four-cored cable running from the firing station, 
and terminating in a junction box, adjacent to the 
intended moorings, from which the branch cabl 
to which are connected the several short cab 
leading. the charges, would extend ; the remainin; 
two cores being intended, one as a reserve in case it 
should be required at any time to throw out another 
line of torpedoes, and the other for establishing 
telegraphic communication between the guard boats 
and the firing station during the night and in foggy 
weather. (ne great advantage in employing a van- 
guard of electro-contact torpedoes is that they save 
the necessity of expending so large a charge as 
500 Ib. of gun-cotton against minor vessels, for the 
destruction of which a lesser charge would suffice. 
A series of mechanical torpedoes are also shown 
guarding the flank of the electrical system, to which 
for this purpose they form valuable adjuncts. In 
the navigable channel, however, no torpedoes are em- 
ployed save what are in connexion with the shore, 
as it is absolutely imperative that they shoul be 
capable of being rendered safe for the passage of 
oem | vessels, and this can obviously only be 
effected by running the cables to the firing station 
and connecting or disconnecting them at will with 
the firing wa oy i 
Referring to the diagram under discussion, Y and 
Zare two strongly fortified positions from which 
the electrical torpedoes are controlled. At the con- 
verging station Z are three fixed paneeenee AAA, 
one to each line of mines, and a Morse telegraphing 
instrument for sending and receiving messages to 
and from the firing station; while at the firing 
station Y are three telescopic firing arcs B BB, 
each provided with seven sights corresponding to 
the seven charges of one particular line, one arc, as 
at the converging station, serving for each line; 
three shutter si ing and firing apparatus C C C 
connected with the firing arcs and with the cables 
in the manner shown on the di , four or seven- 
strand copper wire insulated to five-sixteenths of an 
inch with india-rubber being usually employed for 
ee a battery D of a hundred modified 
Leclanché cells; two cells E, Daniell’s or medium 
size, ordinary Leclanché for signalling, one well- 
appointed “test table” with the necessary battery, 
five firing keys FF FFF, one test battery with 
galvanometer complete, one ordinary galvanometer, 
one frictional-electrical machine, one magnetic ex- 
ploder, one magneto-electrical machine, one box of 
selected tools, two signalling lamps (Walker’s 


petent), for each of which must be provided the 
ollowing list of articles : 

2 retorts. 1 oil lamp (reading). 

1 wash bottle. 3 yards indip-rabber tubing. 

1 gas bag. 1 wrench. 

1 pressure bag. 1 stove. 

1 pair of lamp scissors. 1 case of potash. 

1 box: of Ment pencil. 1 case of spirits. ' 


One portable tool chest containing the necessary 
tools for adjusting circuit-closers, &., including 
one small plumber’s stove, one soldering iron, one 
bottle of spirits of salts; a few sticks of solder, one 
small box of india-rubber solution, two rolls of 
india-rubber tape, one pair of pliers, and one band 
knife, and, say, half a dozen military telegraph 
sounders, Referring to our illustration, 
G GG are seven-core multiple cables, H H H are 
multiple junction boxes, I 1 I are single-core cables, 
JJJ torpedoes, K K are also shighs-cobe cables, 
LLL T junction boxes, M M Melectro-contact tor- 
pedoes, and N N N are mechanical torpedoes The 
single-core cables K K may be connected to the 
large firing battery or to independent batteries 
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according as the operator in charge may deem best. 
We doubt not but it will be more convenient to 
substitute for the two cables K K, one four-core 
cable and junction box, as before alluded to, espe- 
cially if they are to be placed at any considerable 
distance from the firing station . 

Fig. 159 illustrates the defence of a navigable 
channel, heavy ground charges only ere | employed, 
arranged to be fired either by contact or by observa- 
tion ; the general arrangement is precisely the same 
as in the diagram just described, and need not there- 
fore be recapitulated. 

The instruments, &c., represented in the diagrams 
have been drawn to an e erated scale for the 

of rendering the explanation more lucid. 

In concluding this series of articles on moored or 
fixed torpedoes, we have only to add that those in- 
terested in the torpedo question will now be in a 
position to judge of the possible efficiency of the 
approved appliances of to-day, and to see how 
needless are the fears expressed by sensational 
alarmists as to the presumable fate of our ironclad 
fleet in the maritime wars of the future. We do 
not, be it understood, wish to deteriorate in any 
degree from the merits of torpedo defence, or to 

errate their value as obstructive ts ; indeed 
wé can unhesitatingly assert our belief that even 
should an enemy succeed in clearing a passage 
through them without any considerable loss to them. 
sélves—and we should certainly dissemble if we pre- 
tended to think that anything the grossest care- 
lessness on the part of the invaders could lose 
them a single vessel—the delay necessarily caused 
would more than compensate for the outlay ex- 
pended on them. 

There are doubtless many ways by which an 
intelligent commander could force a ge through 
even most formidable lines of these submarine 
obstructions, without any very considerable danger 
to his ship. It will be sufficient, however, for our 
present p to call attention to three methods, 
which are as follows: First, the sending down of 
divers to search for and sever the connecting cables ; 
secondly, the sending out of small craft, under cover 
of darkness, to grapple for and raise the torpedoes 
bodily from their anchorage ; and, thirdly, the pro- 
jecting of a guard of Bessemer wire, or other 
material, some 40 ft. = 50 ft. in eo - = bla 
prow, stipporting it, if necessary, w uoys; by 
this means the etrouit-closer would be struck, the 
eiréuit closed, and the mine exploded, before the 
vessel was near enough to be anything more than 
seyerely shaken. 

It is not our intention to go fully into the ques- 
tion here, as we | Ay png devoting a future chapter 
to show, not only how moored torpedoes may be 

comparatively useless, but how attacking 
torpedoes may be baulked. 


LITERATURE. 


Blectricity and the Blectric Telegraph. By Groner B. 
Prusco1r. New York: D. pp ot ba Company. 
London : E. and F, N. Spon. 1877. 

Tuus considerable work, by an accomplished Ame- 

rican electrician, supplies our ers hists with a 

large-scale treatise comparable with the elaborate 

manuals of France and Germany, The treatises of 

De la Rine, Du Moncel, and Gavarret, in France, 

and of Wiedemann, Schellen, and others in Ger- 

many, have been unexampled hitherto in English. 

For all that we have done for the telegraph prac- 

tically, we have not produced any full and compre- 

hensive book upon it. Mr. Culley’s Handbook, and 
some other smaller works which have recently ap- 
, are theoretically instructive, but do not go 
sufficiently far into the modern practice of tele. 
phy. One great drawback which has been felt 
fitherto in the English works is their poverty of 
illustration when compared with the Continental 
works. The figures in our scientific manuals of all 
kinds are meagre, skeleton-like, and small; while 
those from the Continent are large, complete, and 
artistic. We are beginning to.see, however, that 
good illustrations not only enhance our pleasure in 
reading a book, which in itself.is some gain, but 
also its usefulness. The eye is less easily fatigued, 
and the intelligence more quickly grasps the 

meaning of an experiment, or the principle of a 

machine, when it is amply and artistically illustrated. 

In a handbook of the telegraph above all, where 

apparatus is so complex, manifold, and delicate, it 

is advantageous that the illustrations should be of 
the finest quality. Mr. Prescott has recognised 





this, and freely adopted the best style of the Conti- 
nental treatises. The illustrations of his work are 
highly commendable, and we hope their influence 
will spread among our publishers. ‘The object of 
the work is to present a comprehensive and accurate 
summary of the advanced state of the science and 
art, both in America and abroad, and at the same 
time to serve a useful purpose as a manual for the 
information and guidance of those engaged in the 
different branches of the telegraph service. No 
pains, says the author, have been spared to render 
the work complete, as well as historically and de- 
scriptively accurate, With this view every avail- 
able means of information has been resorted to, and 
all the existing literature relating to the subject has 
been carefully examined. ‘The American writer 
occupies a peculiar position with res to the rest 
of the world. He regards the Old World as his 
foraying ground, from which he can carry off as 
much spoil as he pleases, almust without acknow- 
ledgment. The electrical literature of England, 
France, and especially Germany, has been a rich 
booty to Mr. Prescott in the compilation of his 
work. We observe many figures and descriptions, 
almost unaltered, which have been boldly appro. 
priated, without even mention of the quarter from 
which they were taken. In a representation of 
Bain’s system (page 693), taken from Schellen, it is 
somewhat amusing to notice that the tell-tale German 
‘* Erde” has not been erased. Neither does the writer 
hamper himself with much historical mention. Only 
the most important, and the American, inventions 
and discoveries are referred to their authors and 
times, The practical improvements of the past few 
years, and especially those relating to the duplex 
and quadruplex methods of transmission, and to the 
improved type-printing apparatus, which in America 
have almost revolutionised the telegraph service, 
are, says the author, ‘‘ now described and illustrated 
for the first time with a completeness commensurate 
with the great importance of the subject.” 

The instrumental parts, and especially those 
devoted to an account of the new apparatus just 
mentioned, are without doubt the most novel and 
valuable portions of Mr. Prescott’s treatise, although 
it is in all its sections instructive and trustworthy 
as far as it goes. For the science of electricity it 
does not, however, go far enough; it is richest on 
the art side, and as treating of the latest develop- 
ments of the telegraph it is an important acquisi- 
tion. The Americans are in the van of telegraphic 
progress, and a book which comes to tell us of their 
doings will have both interest and value for us, 
who recently despatched a Government electrician 
to study the workings of their systems, 

As is usual in books treating of the telegraph as 
a whole, the introductory chapters are devoted to 
an exposition of the leading phenomena of frictional 
and voltaic electricity. Then follow several chapters 
in which batteries are very fully described, especially 
the “‘ gravity” battery, invented by Mr. Cromwell 
F. Varley, and which is almost universally used in 
America, Itis, as is well known, a form of Daniell’s 
element, in which the solutions are kept separate by 
their own gravity. The sulphate of copper solu- 
tion, being the heavier, keeps at the bottom where 
the copper plate is set, while the sulphate of zinc 
solution surrounds the zinc plate above. One im- 
provement in the Americans’ gravity battery is 
worthy of notice—the zine plate is made so that it 
can be readily raised or lowered in the cell, according 
as the line of separation of the fluid rises or sinks. 

The author, in common with many other writers 
on batteries, does not draw a sufficient distinction 
between the metals or plates of a battery and the 
poles, in applying to them the terms positive and 
negative. In speaking of the Leclanché battery he 
says that the + pole consists of acarbon plate and 
the — pole ofazinc rod. Now, the pole from which 
+ electricity flows outside the cell is certainly the 
carbon plate, but the carbon plate is really the 
negative plate of the combination. Similarly zinc 
is the + plate, although outside the cell it yields the 
—current, A clear understanding of this point is 
too often overlooked by writers on the subject. 
Zinc is the positive “ pole” with regard to the current 
inside the cell, and the negative pole with regard to 
that without the cell. 

After the batteries are described, there follows a 
chapter on the ways of connecting them up. We 
noticed here also that the unit of current is called a 
farad, a practice which is liable to produce ambiguity 
of meaning, since the unit of capacity is also known 
as a farad, The unit of current is really that current 





which is measured by a farad of electricity flowing 


per second, where a farad is taken as the quan- 
tity which a farad capacity contains when 
electrified to the potential of one volt. There igs 
even an objection on the score of ambiguity to 
employing the word farad as a name for quantit 
since it is also applied to capacity, and Mr. 
Latimer Clark’s term weber for the unit of quantity 
is — preferable, but it is a worse ambiguity to 
speak of a farad of current, Although it be per- 
missible to call the unity quantity a farad, itis clear] y 
confusing to call the unit current a farad also. 

Chapters on magneto-electric, electro-magnetic, 
electro-static, and electro-d ic induction follow. 
There are some good re 8 on ‘ extra currents,” 
the name given in America to the induction of a 
current on itself, discovered by the American, Pro- 
fessor Henry, in 1832. “ One of the principal 
reasons,” says Mr. Prescott (p. 112), “ of the lack 
of success which has hitherto attended all attempts 
to construct motors by the use of large electro- 
magnets, is this action of the extra current upon the 
primary current from the battery, which interferes 
seriously with the rapid charging and discharging of 
the magnets. In consequence of the appearance of 
the extra current in opposition to the primary or 
battery current at the moment of closing the circuit, 
the battery current does not attain its full strength, 
either in a helical coil or in a very long straight 
wire, at the first instant of closing; nor does the 
current disappear instantaneously when the circuit 
is broken. ‘That is to say, a gradual increase of the 
current takes place upon the closing of the circuit, 
and it is not until after the lapse of from one-fifth 
to one-sixth of a second that it attains its maximum 
strength. When, as is almost always the case, the 
helices or coils surrounding the iron core of an 
electro-magnet are included in the circuit, this time 
is lengthened to as much as one-half or three-fourths 
of a second, which must elapse before the current, 
and consequently the magnetism of the iron cores, 
can attain its maximum stren This is one of 
the reasons why it is not possible to telegraph with 
anything like the same rapidity on long lines as on 
shorter ones, and also explains the fact that in all 
electro-magnetic motors it is impossible to increase 
the speed beyond a certain limit,” 

A number of chapters are then devoted to the 
theory of electrical measurements, electrical mea- 
suring apparatus, and the construction of land lines 
and submarine cables. They are both full, and, in 
a practical sense, choice, Attention is directed to 
the want of uniformity in wire gauges among dif- 
ferent manufacturers and nations. This is a serious 
evil. ‘‘ Wire purporting,” says the author, ‘“ to be of 
a certain gauge or number, not unfrequently will 
be found to differ several thousandths of an inch in 
actual diameter when furnished by different manu- 
facturers.” An account follows of a gauge proposed 
by Messrs, Browne and Sharpe, Rhode Island, in 
1857, which has already been adopted by several 
manufacturers in America, and it is hoped will be- 
come a recognised standard there. In this gauge 
the graduations are calculated as follows : 


‘* Let A=the first term in a geometrical series of numbers. 
B=any other term whose number from A is N. 
=number of terms between A and B. pe 
R=ratio or factor by which the terms are multiplied. 
Therefore if A=.005 in. or No. 36 B:W. gauge, B= 
.46 in. or No. 0000, and N=—40: 


wo A 2=0.0508586. 


Each term commencing with .005, or No. 36 
big being successively multiplied by this 
actor, gives the successive sizes, and any inter- 
mediate size may easily be found by calculation.” 
The remainder of the work is chiefly devoted to 
descriptions of historical and actual telegraph 
apparatus, and is, as we have already said, rela- 
tively the most valuable The American 
apparatus appears to be of very neat and handsome 
sake. The various printing telegraphs so much 
used in the United States, and so little used in 
England, especially Phelps’ electro-motor printer, 
are elaborately illustrated and described. The 
author is not so happy in his description of appa- 
ratus for the working of submarine cables as_of 
land lines, presumably because he is less familiar 
with the subject. The ‘‘dead beat” mirror galyano- 
meter or “speaker,” so universally employed in 
cable work, is left out altogether; the only galvano- 


meter described being the marine galvanometer and 





the astatic, which are testing rather than signalling 
instruments, Also in his account of the syphon 
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recorder (p. 559) either an antiquated or an excep- 
tional form is described. 

The closed circuit system of working lines, by 
which as many as forty stations are operated in 
one circuit, whereas in Europe, by the open circuit 
system, not more than six are usually o : 
the repeating instruments so widely employed in 
America; the new duplex, quadruplex (of which 
with Mr. Prescott, the author, is with Mr, Edison 
the joint inventor), and harmonic or tone and voice 
telegraphs, are fully dealt with. Inconnexion with 
the duplex system we remark the absence of Muir- 
head’s system of submarine duplex, which if of too 
recent note for appearance in the first editions, is 
too successful to be omitted in future ones, 

Two chapters devoted to the testing of land lines 
and submarine cables, and an appendix giving an 


account of some special instruments, modes of test- 
ing, specifications, soipes, tables, @ dictionary 
an 


of technical terms, an index, complete this very 
comprehensive and on the whole excelent work, 
which is a decided acquisition to our telegraphic 
literature. 








THE PARIS EXHIBITION.—No. III. 

WE published in our issue of Augus#J1, 1876, an 
outline of the scheme for the Paris- Exhibition of 
next year, andon the 2]st and 28th of September 
last a more detailed notice of the works which are, 
as we have already said, in a very sati state 
of advancement. We now propose to take. up 
again the history of this enterprise, and.notice suc- 
cessively all the various measures taken bythe Com- 
missioner-General, M. Krantz. In his report of 
May, 1877, this Commissioner first analyses general 
arrangements, then special facts relating to the 
works, the relations with foreign countries, and 
lastly the organisation of the French portion of the 
Exhibition. 

The decrees authorising the construction of the 
Paris Exhibition bear the date of the 4th and 13th 
of April, 1876. A preliminary Commission was first 
formed to study the question of the site, and to 
determine the most suitable form.of construction for 
the buildings. About the same time the various 
foreign Governments received an official notification 
of the intention to hold the Exhibition, and were in- 
vited to take part in it. The Chambers approved of 
the financial scheme of the undertaking, and the law 
bearing on this part of the question was on 
the 29th of July, 1876. The State by this law takes 
all risks, and reserves the direction of the Exhibition, 
without any interference however with private 
interests. ‘The City of Paris makes a contribution 
which was fixed at 240,000/. 

M. Krantz was appointed to the post of director 
on the 5th August, 1876, and he immediately or- 
ganised the various executive departments, com- 
prising the bureaux for the exeeution of works, of 
technical services, of foreign commissions, and the 
French industrial, the fine arts, the agricultural, horti- 
cultural, and piscicultural sections, - The names of 
the chief officers controlling these sections we have 
already published (see page 252 ante.) The time 
available being very short, the time accorded: for 
settling preliminaries was far less in the case of 
the present Exhibition than it was for that of 1867, 
which was decided on as early as June 22, 1863. 
Whilst the Direction of Works devoted its attention. 
to inspecting and reporting on the Champ de Mars 
and the Trocadéro, and considering the various offers 
of contractors, the General Commission prepared 
the preliminary scheme, The experience gained .in 
1867 was found of great assistance in completing 
this task. We may indicate briefly the leading con- 
ditions by which the Commission has been 
governed. In each section devoted to exhibitors 
of the same country, the objects shown will be 
divided between the nine following groups: 1. 
Works of art. 92. Education, instruction, materials, 
and processes connected with the liberal arts. 3. 
Furniture and its accessories. 4. Textile fabrics, 
clothing and accessories. 5. Chemical industries, 
raw and manufactured material, 6. Machinery and 
processes of mechanical industries. 7. Food pro- 
ducts. 8, Agricultural. 9. Piseieultures Each of 
these groups is divided into classes to the 
system we shall hereafter describe. No person 
will be allowed to copy any work of art or other ex-. 
hibit shown in the palace or grounds without they 
Under the conditions of 
1868, relative to the guarantee 
may be patented, or of designs 


consent of the exhibitor. 
the law of May 93, 
of inventions which 


the exhibitors will enjoy all the rights and immu- 
nities accorded by this law, under the following 
paragraph: ‘“‘ Any Frenchman or foreigner, pro- 
prietor either of a discovery or an invention which 
oe be pened under the heh a of the law of 
uly 5, 1844, or any design which may be protected 
adic the law of March 18, 1806, can, if such object 
be admitted into-any public exhibition authorised 
by the Government, obtain from the préfet or 
sous-préfet of the department or arrondissement 
in which this Exhibition,is held, a certificate re- 
lative to the object exhibited. This certificate 
assures to the holder the same rights which 
letters patent..would eonfer on him, or which 
would.be secured by a vgn ed design, and dating 
from the admission of the it to three months 
after the closing of the Exhibition, without pre- 
pies to the patent which the exhibitor may then 
~ 
French and foreign exhibitors will have to pay 
no rent for the space accorded:to them. The floor 
is provided in good condition throughout the build. 
ings of the Champ de Mars, excepting in the Ma- 
chinery Hall; any modification or alteration will 
only be allowed by the consentof the Commigsioner- 
General, and at the cost of the exhibitors, These 
latter will also have to bearalkother expenses of in- 
stallation and decoration im-the , the parks, 
and the gardens. Such expenses will essentially com- 
prise the providing and:establishment of cases and 
draperies in the buildings, special earthworks and 
plantations in the park, and around annexes autho- 
rised by the Commissioner-General. The works of 
French: and igen: artists executed since the lst 
of May, 1867, will be eligiblefor admission. These 
works will be comprised under the seven following 
heads: 1. Paintings; 2, Water colours, enamels, 
painting on porcelain, &c., but exclu all works 
of art referring only to ornamentation; 3. Sculp- 


ture; 4, Fine medal engravings; 5. Architecture ; 
6, Engravings; 7. Lithography. The: ; 
Copies, evens 


are excluded from this; group: 
as the original in a different or 
manner; 2. Unframed pictures or. drawings;. 3. 
Work in terra-cotta, 

All pronase agriculture or industry are ad. 
missible, except explosive or other dangerously in- 
flammable products. Alcohols, essences, hydro- 
carbons, or other. inflammable or explosive liquids, 
will be received:only.in strong vessels, the forms and 
dimensions of which. are-prescribed, and the same 
restriction.applies to. chemical products, which might 
injure adjacent.exhibits, or incommode or endanger 


similar, objects, will only be received without 
any addition of inflammable material, or as imita- 
tions, 

Water, gas, and steam for the Machinery Halls 
will besupplied gratuitously, but all countershafting, 
intermediate gearing, and belting will have to be 
yen by the exhibitors, “Active measures will be 
taken to protect all exhibits against injury, but the. 
Government will in.no ease be responsible for acci-. 
dent or damage by,fire.or any other cause which 


such exhibits may imcur;,exhibitors will, however, | empty 


ny all. facilitiesto.imsure their goods against 


A general supervision and inspection of the build- 
ing will be at the charge of the French authorities, 
but every foreign commission will have to provide 
for the special guardianship of their respective 
sections, and the officials selected by them for this 
work must be approved by the Commissioner- 
General. Such officials will have a _ uniform 
or distinctive badges, and they will be empowered 
under all circumstances to call for the co-operation 
of the French agents and police in the building. In 
the French sections, the exhibitors will combine to 
form a separate police system, independent of the 

eneral surveillance established by the General 
Sranteien. The different members of this force 
will have to be approved by the Commission, 

On the 13th of September, 1876, the special 
instructions relative to the transmission, reception, 
installation, and returning of goods were issued, 
According to these instructions, French packages 
enclosing objects for exhibition must each carry the 
letters , enclosed in a circle, and besides, the key 
numberof the exhibitor. On the invoice accom- 
panying the package will be repeated, besides the 
name of the exhibitor, the same number and dis- 
tinctive letters. The sender will also attach on two 
sides of the package the printed address sent to him 
in duplicate by the Committee of Admission. Every 





which may be othe 


rwise secured to the originator, 


exhibitor must attend, either by himself or by his 










visitors, Fuses, fireworks, chemical matches, and |. 


agent, to the transmission and reception of the cases, 
as well as to the inspection of their contents. If the 
exhibitor or his agents are not present to receive 
the packages on their arrival at the gate of the Exhi- 
bition, the carrier will be called upon to take them 
back at once. The General Commission will abstain 
from any intervention between the carriers and the 
exhibitors. It will, however, apprise the latter of 
the general agency which will be established by the 
Paris Chamber of Commerce for the reception, re- 
tention, and re-expedition of the article exhibited. 
Foreign cases containing exhibits will also bear 
the letters E. U. enclosed ina circle, They will be 
addressed to the care of the Commission appointed 
by the country whence the goods are forwarded. 
Such cases must also carry on their sides indications 
of their nationality, that is to say, the emblems of 
their respective sections, Exhibits, French as well 
as foreign, will be admitted within the Exhibition 
from the 1st of January to the 30th of March, 1878. 
This latter date may be extended, by special per- 
mission of the General Commission, for objects 
difficult of transport, or of a special value or cha- 
racter. The Exhibition will form actually a bonded 
warehouse, and all foreign exhibits may be received 
as bonded goods up to the 15th of March, 1878, by 
all common or international transport agencies. 
Exhibits of all classes must be installed, and arrange- 
ments completely terminated, by the 15th of Apri 
1878, this date admitting of no extension. Con- 
sequently the General Commission reserves to itself 
the right of disposing of all space which at the 
above date is not occupied, or is only partially occu- 
pied, by the exhibitors to whom it has been assigned. 
‘The General Commission will not interest itself with 
the storing or preservation of empty cases; it does 
brea offer any facilities for this purpose, nor 
preserve any 8 It only recommends ex- 
hibitors, who themselves are not in a position to pro- 
vide for their empty cases, to address themselves to 
eral agency established by the Paris Chamber 


)tdmmediately after the closing of the Exhibition, 
thesexhibitors must proceed to remove their goods 
and showcases, a work which must be ended before 
thelSthofDecember, 1878, Beyond this time, goods, 
and show-cases which have not been 
removed bythe ‘exhibitors or their agents, will be 
s@uthorities in a public depdt at the 

e exhibitors, Any objects which 
1879, shall not have been re- 
t. will be sold publicly, and the 
be devoted to charitable pur- 











wap 


foregoing resolutions it will be gathered 


From 
that the-French® General Commission leaves more 
than might be desired on the shoulders of the ex- 
hibitersy~who, under the unusual conditions which 
take\them out of the regular routine of their busi- 
ness, and having new and considerable duties 
ron 9 upon them by the very fact of participating 
\in' the Exhibition, should certainly be relieved of as 
much trouble as possible, The fact that the General 
Gemmission undertakes to make no provision for 
‘packing-cases, and by inference throws all the 
ee of unpacking and removing cases to 
such depéts as may be found (unless the exhibitor 

laces himself in the hands of the agency established 
a the Paris Chamber of Commerce), as well as of 
bringing back these cases at the close of the Exhibi- 
tion, will not only involve the exhibitors in a great 
amount of extra work and expense, but is likely also 
to be highly conducive to confusion and delay. 

For the benefit of those very numerous manufac- 
turers in this country who are going to take a part 
in the Exhibition next year, we would point out 
that, thanks to the admirable arrangements made by 
the British Commission, no such delay, annoyance, _ 
or trouble will devolve upon them, and we would 
advise such exhibitors to rely upon these arrange- 
ments and themselves instead of trusting to tf 
agents who may press forward their services. Su 
agents, however laudable their motives, will, exhi- 
bitors may rest assured, render them but little if any 
service, and must involve them in needless expense. 
We advise them, therefore, most strongly to have 
business relations only with the British Commission 
at Westminster, or with such persons as the 
Commission may recommend. We make this re- 
mark solely for the benefit of exhibitors, and in 
justice to the British Commission, whose arrange- 
ments are so perfect that the expense and trouble of 
securing agents are rendered entirely unnecessary. 

We may now briefly glance at the financial de- 
partment of the Exhibition, divided into two 
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83% in. between them. These are held together by 
through bolts, and on the outer side of each of them, 
and 17 in. apart from centre to centre, the transverse 
ties 1 in. in diameter pass between the longitudinal 
timbers, as shown. The space between the pair of 
transverse timbers is filled up in the middle for a 
distance of 38 in. with a packing the same depth as 
the timber, Between the latter and the end beam 
three struts are placed, one on the centre line and 
the others 11}in. on each side of it, These struts 
are each 3? in. by 10 in., and are tenoned into 
the transverse beams, and: similar timbers extend 
along the whole length of the frame, the centre one 
being omitted, Fig. 1 shows the positions of the 
trucks, which will be described in detail further on. 
The distance between centres of trucks is 10 ft. 
Figs. 1 and 2 show the mode in which the centre 
plate of the body is attached, as well as its form and 
the position it takes in relation to the trucks. Upon 
the top of the framing is laid a floor of planking 
lfin thick placed transversely, and over this is laid 
longitudinally a second flooring of lin. thick, which 
extends only as far as the point A, Fig. 1. Odat- 
side the tank, however, it is increased in thickness 
to 2}in , and runs around the whole frame, At the 
rear of the tank is a locker, built of 1}in stuff at 
the back, and l}in. top and front, with a sloping 
lid, asshown. ‘This tooher is 12in. high at the rear. 
The form of the central couplings is shown in the 
drawiogs, the sockets are of different forms, and 
both are provided with a through hole 2in. in dia- 
meter for droppingin the coupling pin. The jaw of 
the socket to receive the coupling link is 3in. by 
7 in. These sockets are also shown in plan, 
where it will be seen that they are secured to the 
frame bv four 1} in, bolts, while the rear one has 
also two } in. vertical bolts passing through the head- 
stock. Angle plates jin. thick protect each corner 
of the frame, The wooden footstep at each corner 
of the tender is 6 in. by 17in., and is attached by 
two angled bars, as shown. 

The water-scoop apparatus is shown in its general 
application and various details in Figs. 1 to 47. Re. 
ferring first to Figs. 1, 2, 3, 4, 5, 6, it will be seen that 
the portion within the tender consists of a sheet- 
iron rectangular trunk, rising at the angle shown 
from a cast-iron socket in the floor of the tank, to 
the raised portion in the top. For the first part, 
this trunk is 8in. by ]12in., and is curved with a 
radius of 26} in. ;it is then straight for a length of 
35in., slightly tapering, until at the upper end it 
measures Yin. by 12in. ‘The mouth is curved, 
the inner side with a radius of 5}in., and the outer 
with aradius of 15fin. This trunk is fastened to the 
sloping plate of the tender bya flat bar 19in. by 
#in., bolted to the packing pieces at the end (Fig. 
5), and near the mouth by a wrought iron } in. 
bracket, Fig. 6. To the underside of the tank, and 
forming a continuation of the trunk, is a cast-iron 
tube marked B, 3ijin. long to its lowest part. 
This tube is rectangular in form 1]2in. by 8 in., and 
is shown in section in Fig. 4. The bottom face is 
formed with a curve 6 in, radius, and makes a tight 
joint with the upper surface of the movable part of 
the scoop. It is shown in detail, Figs. 15 and 16, page 
274. From these figures it will be seen that the inner 
face is curved with a radius of 4ft. 1?in., and the 
outer face with a radius of 3ft. 5gin. The bottom 
surface is somewhat extended at aa to increase the 
contact surface with the movable length of the scoop, 
and near the bottom a flange 4 is cast on for the 
purpose of securing the bracket c. This bracket is 
also steadied by two lugs. The bracket itself 
is bolted to the casting B, by a bolt lin. in dia- 
meter through the flange J, and by two } in. bolts 
through the sides of the tube. ‘This arrangement 
is repeated on the other side of the tube B. The 
brackets are of wrought iron, each formed with a bear- 
ing at the lower end d. to receive the trunnion of 
the scoop. The bracket is shown in detail Figs. 
38, 39, 40. The scoop is illustrated by details 
Figs. 9 to 13. Fig. 9 shows the curve to which it 
is formed, and by the same figure it will be seen 
that the upper part of the scoop is formed of brass 
sin, thick, The trunnions are cast on to this 
oo and are 3}in. long by 2in. in diameter, 

ormed with an enlarged bar against the side of the 
scoop and strengthening feathers as indicated in 
Figs. 9, 11, and 13. To the bottom of the brass 
portion is rivetted the mouthpiece made of copper, 
and terminating with an extended top lip, as shown 
in Fig.9. Within the mouth astiffening diaphragm 
g. Figs. 9 and 14, is placed, and the upper lip is 
strengthened on each side by a brass bracket to 
which is rivetted a sheet-iron wing 4} in. deep, and 





13g in. long. The size of the mouth is 12in. by 
24 in., and the distance between the wings is 15 in., 
leaving aclearance of 2 in. on each side between the 
walls of the trough where the scoop is lowered to 
take water. Fig. 12, a section on line E, F, Fig. 
9, shows a lag cast on to the lower end of the brass 
portion of the scoop in which a hole ltin. in dia- 
meter is made, 

The controlling mechanism of the scoop is shown 
in the general views, Figs. 1, 2, 3, and in detail 
Figs. 82 to 43. In the front of the tender is a lever 
A, Figs. 1, 2, 8, $2,°38; turning on a bearing bélted 
down to the main frame, and moving between 
guides 4' shown in detail, Figs. 41, 42, 43.- ‘To the 
lower end of the lever 4 is connected a rod &, 
Fig. 35, 1} in. in diameter, and 973 in, long. Around 
this rod is a spring #', one end of which presses 
against the frame of the tender, and the other 
against an adjustable stop /, set fast on the rod& 
by aset screw. The end of this rod engages with 
a lever m, Fig. 27, 15 in. in length and mounted on 
a countershaft m', that turns,in the bracket bear- 
ings a , bolted to the frame of the tender. On the 
centre of this countershaft, which coincides with 
the centre of the scoop, is keyed the lever 0, see 
detail, Figs. 25, 26, 15 in. in length, which takes 
hold of the short link g, fastened to the lug on the 
brass portion of the scoop before mentioned by thé 
pin Figs. 1, 2, 3, 4, 23, 24, show the strut 
which carries the trunnions of the scoop... [tis com- 
posed of a bar p’, 1} in. in diameter with an inclined 
soleplate at one end, by which it is bolted to the 
transverse beam of the frame overthe truck, Fig. 2, 
while the other end is flattened to receive the two 
bars p p' which are 2} in. by } in., and are bolted to 
p. by two Zin. bolts, The barsy p diverge, until at 
the ends they are 16} in. apart in the clear, and carry 
the trunnion bearings as clearly shown in the draw- 
ings. -At rin the general view is shown a steam 
pipe ; in. in diameter, which is brought underneath 
the frame of the tender, until the end is within 
54 in. of the scoop trunnion on which it is directed ; 
the other end is coupled by rubber hose to a steam 
pipe from the boiler. The object of this arrange- 
ment is to melt any ice that in winter forms around 
the trunnion and prevents it from turning. We 


have already described the way in which the water in | Ra 


the troughs is prevented from freezing. 

Figs. 19 and 20, page 274, show the details of the 
water discharge from thetender. 1t consists merely 
of a cast-iron box bolted to the bottom plate of the 
tender, and formed with a valve seat on its upper 
face. The lower end of this box is screwed and 
receives the union by which the rubber hose is 
coupled to it with a brass union. The valve is a 
simple wing valve, attached to the vertical spindle 
worked by a small handwheel from the top of the 
tender, Fig. 21 shows the arrangement for strain- 
ing the water before it leaves the tender. It con- 
sists of a copper tube 2 in. in diameter surround- 
ing the valve spindle, and bolted to the underside 
of the top plate of the tank by the flange shown in 
Figs. 19, 20, and brazed on to the tubes. ‘The 
lower end of this tube is free to slide in a second 
tube which forms the continuation to a cone enlarged 
from the diameter of the tube to 11} in. at the base 
where it is secured to the bottom plate of the tank, 
enclosing the valve (see Fig. 20). This cone is per- 
forated with holes }in. in diameter and pitched 
gin. apart in both directions, The length of 
the cone is 12 in., and of the outer tube 5 in., 
while immediately above the latter is a strap, Figs. 
21, 22. 

The general view, Figs. 1, 2, 3 show the arrange- 
ment of brake rigging, and the position of the 
Westinghouse air cylinder. 
workmauship of these tenders leaves but little to 
be desired. It should be mentioned, however, that 
tank work in the United States is as a rule far 
inferior in finish to that in this country. 








‘* CONSOLIDATION” ». FAIRLIE ENGINES, 
To Tue Eprror oF ENGINEERING. 

Str,—In Enoingerine of July 6, 1877, you draw 

special attention, in your article on the Pennsylvania Rail- 


road, to the woxking of the type of engine known in 
Americaas the “‘ Consolidation” pattern. 

‘The results obtained with this class of engine are, as 
point out, of t importance. I am confident that 
sooner English railway men test these engines themselves 
the sooner will lish capitalists realise profits from 
many Trailways in thé colonies, India, and in South 
America, where receipts are now being eaten up by the 
expensive and destructive engines of English design. 

A wealthy stockholder in the Erie Railway while in- 
specting that line, at the time when I was superintendent 
of motive power there, informed me that he was largely 


you 
the 


The whole of the | design 





interested in a railway in South America which had failed 
at first, to pay dividends owing to the inefficiency of the 
motive power first built for the road. The engines were of 
English make, Fairlie design, but, owing to their frequent 
need of repairs, it was impossible to get a sufficient mi eage 

month todo a heavy traffic; the repairs in a country 
wherg the mechanics got excessive wages were a burden- 
someitem, and the consumption of fuel was also very large 
Soffequent were the delays to traffic by engines waiting re- 
pairs; and so costly were the locomotive charges that new 
power was ordered for the line. 

The question of keeping working expenses below gross 
receipts depends, ina t measure, on the type of locomo- 
tive In providing power for any given line it is, 
therefore, of importance to know what results may be ex. 
pected from it, and to do this, it is necessary to have 
tabulated the actual performance of locomotives. You 
recognise the importance of this question in an article on 
railways in Queensland, in your journal for March 2, 1877, in 
which you speak a of the future of railroads in that 
colony owing to their having recently ordered enzineg 
of the Fairlie system. Now the engines usually sent out 
from England to the colonies involve so much outlay for 
firstcost, are so expensive to repair and so destructive to 
the rails, that if the Fairlie <— are free from these 

ou are undoubtedly conferring a benefit on 
the Queens people by sustaining them, oeneh your 
influential paper, in their experiment; but if there are en- 
gines “muc cheaper than Fairlie’s at first cost, much 
cheaper to repair, which will burn less fuel and not be 
more’ ‘destructive to the track, and which can be 
relied on to do more work in a given time, you will do our 
Quesnsland friends and the railway world at large, a still 
greater benefit by letting them hear of them. 

Ihave prepared a table showing the actual performan 
of Fairlie engines, as published in your aamaland also in 
Spooner’s work on narrow gauge railways, and the per- 
formance of American engines on narrow gauge lines, the 
data for which can be found in the ‘‘ Catalogue of Narrow 
Gauge Locomotives’’—Edition 1877—published by the 
Baldwin Locomotive Works. I also add the performance 
of Consolidation engines on the standard gauge from my 
own experience. In comparing the value of these two 
types it is well to bear in mind that the Consolidation 
engine is not now in an experimental stage. The first 
om of this class was built by Baldwins in 1866 for the 
Lehigh Valley Railroad, and the success which it met with 
was so marked that their shops have never been without 
orders for them since, and there is scarcely a gauge to be 
mentioned (for we have all gauges in America) to which they 
have not been adapted. Most of the principal roads, 
among them the Pennsylvania, the Baltimore and Obio, 
and the Lehigh Valley, have scores of these engines in 
service, and other lines, in all parts of the country, are 
using them toa ter or less extent. -The Pennsylvania 

road, which is not only the most important in America, 
but is also distinguished for having given more care to 
locomotive design than any other, has finally adopted them 
as its standard for freight service. 

I do not know of any important line which has adopted 
to any extent the Fairlie system ; but this I do know, that 
the Lehigh Valley road tried a Fairlie engine, but atan- 
doned its use as more costly and less efficientthan the Con- 
solidation. 

The Toronto, Grey, and Bruce, narrow r gs , in Canada, 
owned and controlled by Englishmen, h airlie engines 
when the line first opened, but the great expense of work- 
ing them compelled the managers to apply to Baldwins, 
who advised the use of Consolidation engines, and since the 
Baldwin engines have been received, the Fairlie engines 
kuve been used. The locomotive superintendent 
of the line in to my request for details of the cost of 
running the Fairlie engines had to give me figures for 1872, 
as he said they had run very little since the Baldwin engines 
came, the latter doing the work more satisfactorily and 
economically. And the Erie Railway has for the last threo 

ears been running a Fairlie engine experimentally, but 
decided to get Consolidation engines for their heavy 


*| freight work m future. 


These three instances of the preference given to Consolida- 
tion oyer the Fairlie type have come under my own im- 
mediate notice. 

The Consolidation engine has been so fully described 

illustrated in your valuable journal it is needless to 
specially refer to it. It commends itself to locomotive 
engineers by its simplicity, there being no duplication of 
machinery, it costs no more either at first or for repairs 
than an ordinary engine, and, being of American type, it 
would be much cheaper than an ordinary engine of English 
I suppose one of the largest size for standard 
gauge, weighing, say, 100,000 lb., and able to haul a train 
averaging 2400 tons on a level, would not cost in Phila- 
delphia over 20001. without the tender. : 
‘he disadvantages of English engines for colonial rail- 
ways, or railways anywhere which are less substantial 
than first-class English roads, are excessive first cost, ex- 
cessive weight per wheel, and rigidity of construction, the 
two latter defects being sestipuiedle destructive to the 
rails So serious are these defects that, I believe, in all 
eases where English-and American engines have been tried 
in competition, the English engines have been abandoned. 
though the lines on which the competition has taken 
ce have been controlled by Englishmen. 

The most notable, instance is » where, after try- 
ing English engines for many years, they have been 
finally abandoned ; and at the hong of gauge, in 1874, 
all the new rolling stock was ord of American design. 
The éxperience in South America has, I believe, been 
similar. 

The Fairlie engine has been designed, apparently, to 
overcome the chief disadvantages of the 2 ie English 
engine. It will be seen that the weight per wheel and 
rigidity of structure are avoided in the Fairlie design, but 
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COMPARATIVE STATEMENT OF THE PERFORMANCE OF LOCOMOTIVES OF FAIRLIE AND AMERICAN TYPES. 
Cylinders. | Driving Wheels. | Weight on Drivers.| Actual Performance. peed ona Trat ad Pa of! Tractive Power. Percentage, 
2° 7 3 S$4 > 3 
| 2 cI a s a & | 
| oge |2 |€ 3 3 
| ame (85/8 Bh 
RAILROAD WHERE OPERATED. FER 3 3 a z 3 32 ge 3 > 
|g ae52/74 |* Sha | £2 |28 3 
&o oe a 225%| 22 | 33 S agli 
3g = s ~ | = 53 a | 3 ° . § | : : ‘aun 
| : z ad | 4 desige/G3| ¢ ¢ | 3 a4 22 | 23/33 
igs g s > S 2 P| a ? a 2 £ E E “SE > @o 3 
lz| a Zz a & | a BE4e 54/5 o rs} & z q™ | 47 |< 
Fairlie Locomotive. in. in. ib. | Wb. ft. Ib. Ib. Ib. Ib. Ib, Ib. 
Southern and ema G. ry iad of Queensland .... 4/ 11x18 8 39 62,720 | 7840 148. |105.6/ ,., 44.8 vit 10 54.8 10,052 8110 | 19.3 
auge ‘ | 
: Baldwin Locomotive. | | 
Denver and Rio Grandé Railway of U.S.A. 2/12x16| 6 86 | 33,000 | 5500 | 1618 | 75 32. 10 42 5,760 6774.6] ... | 17.6 
Gauge 3 ft. | 
; F | 
Baldwin Locomotive. | | 
Mineral Range Railroad of U.S.A. .., 9 «1 = ae ww. | «0-2 | 1216 6 36 33,000 | 5500 83,2, | 211 89.6 10 99.6 5,760 8286.7 43.8 
Gauge 3 ft. | 
: 
Baldwin Locomotive. . 
East Broad Top Railroad of U.S.A. eee } 2/| 14x16 8 36 44,000 5500 104.8 | 140 338 59.4 9.3 10 78.7 7,840 8247.76 5.2 
Gauge 3 ft, } 4 
Baldwin Locomotive. - 
Toronto, Gray, and Bruce Railway of Canada ... «| 2] 16x20 8 41 50,000 6250 305.8 | 88 573 | 373 5.5 10 52.8 11,239 16046.24 42.7 
Gauge 3} in. | 
Fairlie Locomotive. ‘(150 Ib. steam) 
Festiniog Railway of Wales ... coe an eee sa 4 | 8x13 8 28 44,800 5600 206 62.11; 297 26.3 10.7 10 47.0 9,480 9682 21 
Gauge 1 ft. 11} in. | 
Baldwin Locomotive. (90 Ib. steam) 
Pennsylvania Railroad of U.S.A, ... ee 2 | 20x24 8 50 79,400 9925 | 2462 level 10 10 17,289 24620 42.4 
Gauge 4ft. 84 in. | 
at the sacrifice of simplicity, an increase of first cost, and, | 1864. hg | were made, I believe, for and at the expense of quiry as to the future prospects of Cyfarthfa, Mr. Robert 
in consequence of using four cylinders to do the work | Mr. John Frederick Spencer, and I am indebted to myfriend, | Crawshay has written to say that he does not see the 


of two, at a large increase in the consumption of fuel. 

The Consolidation type avoids all the defects of the 
English engine without incurring those of the Fairlie. 
They are to be found working on railways with curves of 
400 ft. radius on the standard gauge, and on narrow 
gauge lines, with still sharper curves, without exceptional 
straining of either engine or rails. The weight, per wheel, 
is very small, so that rails are not unduly crushed. The 
engines are well balanced, and being very long they ride 
with remarkable steadiness. . 

The figures in the statement are only useful as showing 
that there is nothing extraordinary in the performance of 
the Fairlie engines, the tractive force developed not being 
great when compared to tke tractive power at rails, as 
ascertained by the usual formula, while the Consolidation 
engines develop a force in excess of the calculated power. 
The formulz used in such calculations are crude, as the 
conditions on different roads are so variable. It is, there- 
fore, the practical results which will command most 
attention. 

The performances of the Fairlie engines are those ob- 
tained during special trial trips, those of the Consolidation 
engines are results taken from ordinary practice when no 
one was specially on hand to see that the engines did their 
utmost. Consolidation engines on our level division from 
Sunbury rarely start with Tens than 90 and frequently take 
over 100 loaded coal cars into Harrisburg, a loaded car 
weighing 21.8 gross tons. These trains are considerably 
over half a mile long and are hauled round curves 950 ft. 
radius. This work for an engine which has less than 5 
tons on each wheel is startling when compared with 
English practice. An English engine igned for such 
work, unless of the Fairlie pattern, would knock any 
colonial railway to pieces in a week, and the Fairlie e es 
are too costly for any poor road to keep up, nor could we 
run them 40,000 miles a year as we did our Consolidation 
engines last year. 

Were it not, that you had spent a few days ins 
ing our line, and that I have had the pleasure of show- 
ing you these engines in actual service during your, to 
us, pleasant visit here, I should scarcely expect you to 
credit the reports of the work done by these American 
engines. Too many Englishmen come out here so convinced 
of the inferiority of everything un-English that they refuse 
to credit the results of any practice not conforming to their 
own experience. Your thorough inspection of the in- 
teresting work going on here, and your hearty appreciation 
of real improvements, and especially your exposition of 
American enterprise in your journal, is appreciated here by 
Americans as a tribute to their progress, and make your 
criticisms of acknowledged faults atl the more valued. 
You are doing also a service of much value to Englishmen 
by bringing to their notice the results of American practice, 
and, asan Englishman, I sincerely hope that the resulta 
may be beneficial to both countries. ° 

Yours very truly, 
ce Howarp Fry. 
Williamsport, Pa. 








FIXING BOILER TUBES. 
To THE EpiToR oF ENGINEERING. 
Sir,—In an interesting article on this subject in your 
number of the 2lst of September last, you remark that it 


1s somewhat singular so few experiments have been made 
to determine the holding power of tubes, when fixed in the 
boiler tube-plates. 

This reminded me of some trials made at Messrs. R. and 
W. Hawthorn’s, of Newcastle-upon-Tyne, so far back as 











Mr. John McKay, for the following extracts from his notes 
made at the time he made the tests. 
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_A plain iron 10 W.G. tube, 6 ft. long, 3} in. outside 
diameter, was fixed at both ends intoj;a }-in tube-plate, in 
the style then in common use before machine tube fixing 
was introduced, and hammered and laid over into a slight 
countersink, and arranged for the experiment as per sketch 
enclosed. Two caps were bolted on to the tube-plates ; to 
the one was attached a pressure gauge, and to the other 
the ipe leading to the force pump, the following,were the 
results : : 
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1 | 560 |24,642 |Two bolts broken in flange. 
a i4 5,803 |Tube-plates bagged slightly. 
8 | 1125 | 9,326 |Lead pipe burst. 
| Tube-plates dished too much to allow 
of their being kept tight, but the 
4 | 1800 |10,777|< beading on the tube ends was not 
| ¢ pulled off ; the pump was too small 
| to follow up the leakage. 





Looking at these results, I cordially agree with a remark 
which Mr, McKay makes, that he often grudges the ex- 

mse of fixing stay tubes, when there is so much strength 
in the ordinary tubes. With the new modes of fixing, I 
have no doubé the results would be much more favourable. 
These experiments were made nearly fourteen years ago, 
before roller tube nders were introduced, although I 
remember that Mr. McKay lad then a design for fixing 
tubes in this manner, since so successfully introduced by 
Mr. Dudgeon. I myself made some efforts to improve this 
part of boiler work by designing a small — machine 
which you illustrated some years ago ; it did excellent work 
when everything was perfectly true and accurate, but when 
Mr. Dudgeon’s invention a , I saw at once that mine 
was beaten, and I dropped it with regret, but glad that it 
had caused attention to be directed by others to an im- 
portant detail in the manufacture of boilers. 

Yours very truly, 
RALPH Hart. TwWEDDELL. 

14, Delahay-street, Westminster, Oct. 4, 1877. 





NOTES FROM THE SOUTH-WEST. 
The Forest of Dean.—There is no icular alteration 
ins portage, if caything aightiy improve’ is. West 
> 8, if an improved. 
Dentovnal collieries and mines on dened, 
Cyfarthfa.—In replying to a workman who made in- 


slightest chance of the vast works restarting, and it is his 
intention, if possible, to sell them. The improvements re- 
quisite he deems himself too old to think of undertaking, 
and he thinks too badly of trade to wish to see his sons 
remain in it. He refers pathetically to the estrangement 
between himself and his employés, and adds, ‘‘I go to my 
grave feeling I am a perfect stranger, as all my old men 
are gone, or nearly so.”’ 
Briton Ferry.—Trade prospects here are 

damping down of the blast furnaces at the Briton Ferry 
Iron Works has dispelled any lingering hope that may have 
been entertained that there would not be a suspension of 
work after the expiration of the notice to determine con- 
tracts. There is now good ground for stating that the 
works are likely to be idle until the new year, the cause 
being-want of orders. 


Blaenavon.—Notice of a reduction of wages, to begi 
on the Ist inst., having been posted on the office door at the 
iron and steel works, the men were idle all day Monday 
discussing the matter. They decided to submis to the re- 
duction, which does not affect the colliers and miners 
and work was resumed the following day. The amount of 
the reduction is not yet known. 


Newport.—Large arrivals of French pitwood have occurred 
during the past week. Of Spanish ore there has been less 
received than usual. Steam coal isin poor demand, prices 
are low, and shipments are restricted. A vessel has been 
loaded with rails for Australia, and more railway iron is to 
follow thither. 


Aberdare.—The coal trade of this valley still continues 
in a depressed state, and seems to be growing worse rather 
than better. The Powell Duffryn Collieries, which have 
been slack for several weeks past, only worked last week in 
some pits two days, and at others three. The Gadlys pits, 
however, may be instanced as an exception, and have | wom 
going stondil ly for some time past. The Abernant, Werfa, 

ynborwen, and Aberdare Coal Company’s pits have been 
working steadily, but lost at least one day each. 


Newport-Abercarne Black Vein Steam Ooal Company.— 
Coal to the amount of nearly 11,000 tons had been raised 
from No. 1 pit, when the Government inspector gave orders 
that the work must cease until the completi No. 2 pit 
should ect the ventilation of the co - The sinking 
of No. 2 pit was resumed early in February, and has pro- 
gressed favourably ever since. Up to the 14th of Jaly 
103 yards of new work were ou, yan Be total of 
315 yards accomplished, and leaving 50 yards to sink to 
reach the black vein seam. This second shaft is 
to be completed before the end of October, and as the 
directors contracted for the delivery of the boilers and fan 
during August, the maso being in a forward 
state, there would seem to be no visible hindrance to the 
colliery being in full operation by the close of the year. 

Dock Extension at Cardiff.— Private meetings between the 
directors of the Taff Vale Railway Company and the directors 
Selng eld for tho purpose of inlay pubeutites pakeae tor 

ng held for the purp2se promoting a scheme for 
the extension of the Penarth Dock, or of constructing an 
additional dock at the mouth of the River Ely for the 
affording the dock accommodation required by 
hee ny op . A large meeting was held on 
when the percay et cen gps of the scheme was 
The Penarth di can go to Parliament to 
raise additional capital to provide the new dock, which 
would be leased by the Taff Vale Company. trustees 
of the Windsor estate, on whose land the dock would be 
constructed, are warm supporters of the scheme. 
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ANTHRACITE BLAST FURNACE. 
DESIGNED AT THE WEIMER MACHINE WORKS, LEBANON, U.S.A. 
(For Description, see opposite Page.) 
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ANTHRACITE BLAST FURNACE. 
DESIGNED AT THE WEIMER MACHINE WORKS, LEBANON, U.S.A. 
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Wz illustrate above and on the opposite page an Ameri- 
can anthracite blast furnace, designed at the Weimer 
Machine Works of Lebanon, Pennsylvania, and present- 
ing in its construction several new features of interest. 
Mr. Weimer, the designer, has endeavoured to embody in 
this construction a complete arrangement to fulfil the 
requirements of the special fuel used. 

It will be noticed that the entire stack from the hearth 
to the head is encased in a sheet-iron jacket, the shield 
below the tuyere openings being secured to the dam- 
plate and bosh casing with bolts, so as to be readily 
detached. 

The usual cast-iron columns and mantle are dispensed 
with, and strong wrought-iron columns extending up to 
the bosh are substituted. These columns are composed 
of 18-in. J beams, and lin. plates 18 in. wide rivetted 
together, and supporting an angle-ring casting to which 
they arerivetted by suitable projections. The columns eac 
rest upon, and are secured to, square baseplates, whic 
are tied together by three bolts (lin. in diameter) so as 
to prevent any spread of the bases owing to expansion of 
the hearth. 

_ The angle-ring, which takes the place of’a mantle, has 
rivetted to its upper part the shaft casing, and to its lower 
part the bosh casing, thus insuring increased strength. 

The walls of the hearth and bosh are 30 in. thick, and 
made of firebrick, with a loam space of 4in. between the 
walls and the casing. In the loam placed in this space 
& series of coils of 3-in. pipe is imbedded, through 
which water circulates. These pipes are not continuous, 
but comprise a series of coils, each supplied from a 
main pipe, and controlled by valves, so that each may be 
used independently if occasion should uire. Thus 
any portion of the bosh or crucible can be subjected to 
the cooling effect of these pipes. 

The circular blast pipe and the water-supply pipe for 
tuyeres and casing are supported upon brackets attached 
to the columns. The top of the furnace is shown fitted 
with an annular bell, depositing about one-third of the 
charge in the centre of the furnace, the remainder being 
thrown against the sides. It is covered with Weimer’s 
furnace charger, which prevents the escape of gases when 
= bell is dropped, and which was illustrated in our 
la, volume, page 97. The illustration shows a 
urnace stack measuring 17 ft. across the bosh, and 65 ft. 


in height, from floor of hearth to top. 








FOREIGN AND COLONIAL NOTES. 


Production of Iron. —In 1875, Switzerland made 
6,789,720 cwt. of steel and iron. The quantity of iron and 
steel made in Russia in the same year was 7,950,000 cwt. 


American and British Iron and Steel.—In 1876, the 
United Kingdom turned out 120,872,328 ewt. of iron and 
steel. The correspondi: roduction of the United States 
in the same year was 45,330,000 cwt. 


Rolling Stock for New South Wales.—The New South 
Wales Minister for Works recently stated in the House of 
Assembly in that colony that tenders were about to be 
invited in England by the New South Wales Government 
for the supply of 24 locomotives. The claim of local manu- 
facturers for some share of the Government work has not 
at the same time been overlooked; thus out of 20 car- 
— just ordered for the New South Welsh Government 

ilways, 12 are to be manufactured in the colony. 


Working Expenses in the United States. — Statistics 
collected from a number of American railroads show that 
the gross earnings of last year amounted to 497,257,959 
dols., as com with 503,065,505 dols. in 1875. The 
earni thus declined last year to the extent of 5,807,546 
dols.. but the net i of 1876 were nevertheless 
946,314 dols. in excess of the corresponding net earnings 
for 1875. This increase was due principally to the t 
economies practiced in conducting the operations of the 
roads. ether these economies were enforced to an 
excessive extent the future must determine. The intro- 
duction of steel rails materially assisted, however, the re- 
duction of the working charges. 


Tramways in Japan.—A Belgian company has solicited 
the concession of a tramway at Tokio, Japan. The result 
of the application is not known. 


Iron Railway Ties in Germany.—Dr. Achenbach, the 
German Minister of Commerce, has ordered that upon the 
railways under the control of the State, iron ties shall 
now be employed to a largerextent. Thesystem to which 
the recommendation of the minister refers is the Hilf long- 
tie system. If iron ties were introduced throughout. the 
German railways, there would be a consumption of 
13,606,000 tons of iron under this head alone. 


Montreal.—The Montreal Harbour Commission has 
deepened the channel of the St. Lawrence between Quebec 
and Montreal from 11 ft. at lowest water to 20 ft. at 
lowest water. The commission is still proceeding with the 
work, so as to secure a depth of 25 ft., and to adapt the 
river for the passage of steamers of 5000 tons burthen. 


Iron Steel.—Messrs. Asbeck, Osthaus, and Eicken, of 
Hagen, Westphalia, are manufacturing a metal composed 
partly of and partly of iron, to which they have given 
the name of iron steel. The novelty in the process of 
manufacture consists in the introduction of a sheet of iron 
of slight thickness between the s' to be uni A 

for casting is divided into two compartments, either 
by means of a transverse metal, or by a tube placed within 
it, and the two metals are poured each into its compart- 
ment. Before fusion both the metals are submitted to a 





complete refining process, which frees them from all 
matters which would interfere with their union. After 
this they are poured into the mould, where the partition of 
the iron plate serves at the time to prevent their mixing, 
and to facilitate their union by beco "fone 
The success of the operation depends greatly on the prepa- 
ration and composition of the mould and on the thickness 
of the plate, which has at the same time to stand a high 
temperature without burning, and to undergo a 
fusion. The thickness has to be ascertained by experiment, 
and depends upon the size of the ingot to be produced. 


American Railroad Progress.—In 1876, 2856 miles of 
railroad were opened in the United States, against 1919 
miles in 1875, and 1911 miles in 1874. The increase in the 
extent of line built last year was due almost entirely to 
the Pa ealiaity Sapa in the construction of the 
Sou Pacific road, as well as in the establishment 
of narrow gauge lines in Ohio, Texas, and Colorado. No 
new lines of any considerable magnitude were undertaken 
last year in the United States. 


Royal Portuguese Railway.—The bridge which the Roya 
Portuguese Railway Company is throwing over the Douro 
has been nearly completed. The principal arch of this 
bridge is 533 ft. span. 

American Locomotive Works.—The Brooks Locomotive 
Works, Dunkirk, New York, have contracted to supply 
the Covington, Columbus, and Black Hills Railroad Com- 
pany with one 42in. gauge senger engine. The same 
works have also five Consolidation engines on hand for the 
Erie Railway yma The Schenectady Locomotive 
Works are buildi ve locomotives for the Chicago, 
Milwaukee, and St. Paul Railway Company. 


A Safety Cannon.—A_ new safety cannon, which shoots 
an anchor from ships in distress, has been tried at Bremer- 
haven. m @ cannon, with a diameter of 5in., an anchor 
ag ee | 17 lb. was shot along with a double rope 2400 ft. 
in length, and weighing about 32 lb., to a distance of 300 
yards. By this means a stronger rope was pulled on to 
the ship in distress, so that ship and men could be drawn 
to the shore. 


Kapunda and North-West Bend Railway.—Good pro- 
gress is being made on this line. At the last dates from 
Adelaide, South Australia, there were about 400 men and 
some 70 horses constantly at work, while a large number of 
piecework men were emplo. in getting and breaking 
stone for ballast. All the cuttings from 18 miles to 
Endunda are in full operation, and a numerous parity are 
engaged in the earthworks at the North-West Bend, where 
a mamomee and tramway are about 'to be constructed 
for unloading railway materials from the river. The 
wages paid to navvies range from 6s. 6d. to 7s. 6d. per day. 


Locomotive Building at Vienna.—In the course of last 
year the locomotive works of the Franco-Austrian Railway 
Company, at Vienna, made seventeen engines for use on the 
company’s lines. The company also received during the 
year an order for two engines from another source. 


Railways in India.—At the close of last year, there 
were 6937 miles of line in operation in British India. The 
extent of line completed in 1876 was 479 miles. Of the 
— network constructed, 767 miles are laid with a double 

ie. 


American Locomotives.—The Baldwin Locomotive 
Works, Philadelphia, have received an order for a number ef 
locomotives for a narrow gauge railway in Sduth America. 


Underground Telegraphs.—Germany has seven under- 

—_ telegraph lines between its capital and its western 

rontier. A line between Berlin and Mayence has been re- 
cently completed. 


Port Adelaide—At a recent meeting of the Port 
Adelaide (South Australia) Marine Board, the engineer of 
tties reported that the deepening operations 
at Milang advanced to some extent; but the ground 
being , the p made was slow. In all, a distance 
of abont 250 ft. been excavated. The Munday-street 
wharf, Port Adelaide, was completed, but the filling in be- 
hind was only proceeding slowly. As to the ferry steps of 
Port Adelaide, the piles been driven, and the beams 
and crossheads on the Birkenhead side were all piaced. 
The operations on hand for deepening Port Adelaide were, 
the engineer added, — satisfactory progress; the 
average cost of he at Port Adelaide for the previous 
month had been 114d. per cubic yard. In the first instance 
the corresponding cost was 4s. ld. per cubic yard ; the 
saving which had been effected was due to the employment 
of a powerful dredging machine. The ribs of a new dredger 
were bolted together and ready for rivetting; the machi- 
nery had not, however, arrived at present from England. 
Work at the Port Pirie wharf was ing satisfactorily ; 
about 338 ft. were finished, and the remainder would 
com in about two months. The amount appropriated 
for deepening Port Broughton would be exhausted in about 
two months; the result of the nditure already made 
would be a slight inpeovenaess in thechannel. The Tipara 
Reef lighthouse would be ready for lighting early in August. 
The Port Wakefield wharf was being slowly p with. 

Algerian Railways.—At the close of June, 1877, there 
were 320 miles of line in operation in Algeria. No new lines 
appear to have been opened in French Africa during the 
twelve months ending with the date indicated. 

Iron Minerals in France.—The imports of iron minerals 
into France in the first eight months of this year amounted 
to 632,000 tons, as — = 589,000 tons. in - 
corresponding period , Showing an inerease 0: 
43,000 tons, or about 74 per cent., this year. The imports 
of Algerian minerals into have declined this year; 
the imports of Spaniah minerals have, on the contrary, in- 
poner The ex of iron minerals from France de- 
clined from 56,300 tons in the first eight months of 1876 to 





50,900 tons in the first eight months of 1877. 
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MACHINE FOR CUTTING BEVEL GEAR. 

We illustrate by a two-page plate this week a machine 
for cutting the teeth of bevel gearing for wheels of large 
diameter, designed and constructed by Mr. Geo. H. Corliss, 
of Providence, Rhode Island, U.S. The blank wheel, in 
which the teeth are to be cut, is mounted on a horizontal 
hollow shaft, Fig. 1, which passes through a quadrant 
frame, and carrying at its outer end a wheel about 15 ft. 
in diameter. In the periphery of this wheel are pierced a 
series of holes equally spaced, and by means of which 
any desired subdivision is obtained, through the operation 
of a lateral gearing, in which a pinion driven automati- 
cally engages. The large diameter of this wheel, which 
serves as a dividing plate, secures the great advantage of 
reducing to a minimum the errors due to setting out the 
teeth to be cut. On the frame is placed a brake which 
serves to keep in place an enlarged template that con- 
trols and guides the motion of the cutting tool, and which 
forces the latter to give the desired form to the tooth. 

The movable guides in which the cutter holder 
slides, are moved by a rack and pinion in such a way as 
to give a reciprocating movement, the tool cutting in its 
descent. At its upper end the support carries a finger, 
which bears constantly against the template, and the 
necessary pressure is produced by means of two weights 
hanging by cords, as shown. At right angles to the hollow 
shaft is placed the driving shaft, to which an alternating 
motion is imparted by means of pulleys, belts, and gear- 
ing, asin a planing machine. At one of its extremities 
this shaft is carried in a bearing resting on a hollow stud, by 
which free motion is given to it to oscillate the length of the 
template. Each of the teeth of the rack is also movable on 
a centre, insuch a way that the movement of the step bear- 
ing produces a corresponding motion in the rack and the 
pinion controlling it. The mechanism for advancing and 
moving the shaft laterally is placed at the outer end of 
the latter. The downward motion is effected by means 
of a crank and levers operated by wheels gearing in the 
toothed segment fastened to the frame. The lateral dis- 
placoment along the template is produced by a finger 
movable around an axis. In consequence of the revolu- 
tion of the gearing, and the tension produced by the cord, 
the finger follows the face of the template, which pro- 
duces at each stroke a modification of the line followed 
by the cutting tool, As the latter rises it does no work, 
but is lifted, and it is for this reason that the finger is 
placed to turn on a centre. Beyond this axis the finger 
is conical, and its extension enters between a frame, 
which rises during the descent of the tool, and keeps the 
finger fixed ; but as soon as the crank and with it the 
frame rises, the finger is set free. In our illustration of 
this machine, which is reproduced from our contemporary 
the Revue Industrielle, Figs. 1,2, and 3 are respectively side 
and front views and plan, Figs. 4 and 5 are enlarged 
views of the mechanism for actuating the cutter bar, 
Fig. 6 shows a portion of the dividing wheel, and Figs. 7 
and 8 the rack and pinion. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday last business 
nat 53s. fora. cash ; afterwards 53s. 9d. was taken, 
and there was a further reduction to 53s. 7}d. cash, 
58s. 10}d. one month, and 53s. 9d. fourteen days. There 
was a steady market on Friday, and as low as 53s. 7}d. 
cash was again taken, the reduction over the week amount- 
ing to 6)d. per ton. An extensive business was done on 
Monday at 53s. 9d. to 53s. 7d. cash, the market closing in 
the afternoon with buyers at 53s. 6d. The warrant market 
suense quietly yesterday morning at a further reduction of 
ld. per ton, and prices, after receding another 1d., became 
more firm and regained the latter fall. Business was done 
in the forenoon at 53s. 8d. to 53s. 7}d. one month, and 
53s. 6d. cash, the market closing sellers at 53s. 6d. cash 
and 53s. 8d. one month, with buyers near. In the after- 
noon 53s. 5d. and 53s. 6d. cash were quoted, and the market 
closed, sellers 588, 7d. and buyers 58s. 6d. cash. The market 
was quiet and steady to-day, with business done during the 
forenoon at 58s. 6d. and 53s. 6}d. cash, and 53s. 9d. one 
month open, closing, buyers at 53s. 6d. cash, sellers at 
53s. 64d. There was a quiet market in the after- 
noon, and the prices were the same as at the forenoon’s 
close. It is considered that the advance in the Bank rate 
has had a depressing effect upon the Glasgow pig-iron 
market. The position of the trade seems to become more 
unsatisfactory as the season advances. Special brands are 
in moderate request, but considering the fact that the 
shipping season is fast drawing to a+lose, the demand for 
the Continent is aeons. For G.M.B. iron there is 
an exceedingly slow sale. The imports of Cleveland pig 
iron into Scotland are weekly menacing the Scotch iron 
trade more seriously, as might well be expectod when it is 
considered that they have actually begun to exceed the 
total exports of Scotch pig iron. The deliveries of pig 
iron into the public warrant stores continue large, not- 
withstanding the fact that there is now only the produce of 
87 blast furnaces to work upon as against that of 118 at 
the same time last year. The total stock with Messrs. Con- 
nal and Co. up till last Friday night amounted to 162,408 
tons, thus showing an increase for the week of 1507 tons. 
Last week’s shipments from all Scotch ports amounted to 
10,654 tons, as compared with 11,908 tons in the corre- 
sponding week of last year. 


The Manufactured Iron Trade.—In the department of 
finished iron there is still a lessening demand to complai 





of. Some good contracts which were expected to have been 
placed in the Glasgow market, have been closed elsewhere 
of late. There is no improved demand for shipbuilding 
iron yet apparent, although the shipwrights on the Clyde 
are now showing considerable signs of activity. e 
specifications afloat for new steamers or sailing vessels are 
very few, and those that are out are chiefly for small sail- 
ing vessels. Freights are not very encouraging, and the 
dividends upon shipping have been unusually low during 
the past year. 

Arbitration in the So Shipbuilding Dispute.—The 
arbiters in the shipbuil a had their first busi- 
ness sitting yesterday in Glasgow. There were present — 
Lord Justice Clerk Moncrieff, umpire, who presided ; Mr. 
James White, of Overtoun, arbiter for the employers, and 
Mr. Lloyd Jones, of London, arbiter for shipwrights ; to- 
gether with Mr. William Borland, solicitor, clerk to the 
referee ; Mr. Robert Ross, law agent, and Mr. J. W. Ross, 
solicitor, secretary to the Masters’ Association. The fol- 
lowing attended to give evidence for the employers—Messrs. 
Simons, Renfrew; Pearce, of John Elder and Co., 
Govan; Scott, Greenock; Duncan, Port-Glasgow ; Steel, 
Greenock ; Connel, Whiteinch ; and Inglis, Partick ; and 
there were seven pn oe present in the interest of 
the shipwrights. The arbitration court in sat to-da: 
to hear additional evidence. It is expected that the evi- 
dence will be concluded on Friday, when the decision of 
the arbiters will very probably be given. Hitherto the 
strictest secrecy has been maintained regarding the nature 
of the evidence led. 


Improved Lighthouse IUumination.—A light is hence- 
forth to be shown on Holy Island, Lamlash, Firth of Clyde, 
the lighthouse itself consisting of a tower and dwellings for 
two keepers, the light being elevated 46 ft. above high 
water, thereby giving a range of about twelve nautical 
miles. In order to distinguish the light from those ad- 
jacent it has been made of a bright green colour; but as 
green absorbs a very large portion of the rays of light pro- 
ceeding from the lamp, it was necessary that special appa- 
ratus should be designed to meet the peculiar requirements 
of the situation, which involved the spreading of nearly the 
whole light equally over an arc of 82 degrees of the compass, 
a certain limited amount only being directed into the loch 
towards Lamlash. This could best be done by a modifica- 
tion of Mr. Thomas Stevenson’s condensing system, so 
successfully introduced in 1857 on the west coast and now 
largely used in all countries. But on the Lamlash light- 
house there was not {room for the ordinary condensing 
apparatus for collecting the rays that would have been lost 
on the island itself, where of course, no light is required. 
It was therefore resolved to adopt an ingerious plan of 
Professor Swan, of St. Andrews, of arranging the glass 
prisms, twenty in number, behind each other, so that the 
rays from the back prisms should be sent through the 
chinks or spaces between the front prisms. But even this 
arrangement was not sufficiently compact to admit of all 
the spare rays being utilised in a lantern of the size em- 
[> we at Lamlash. In order to attain this end, Mr. 

tevenson had recourse to the device of making groups of 


twin a, by the use of which the quantity of glass em- 


ployed is greatly reduced, and the loss of light by absorp- 
tion prevented. By means of these twin prisms, which are 
the first of the kind ever made, the light of 98 degrees, 
which would otherwise have gone to waste, is spread over 
the arc of 82 degrees, lighted by the main apparatus, thus 
largely augmenting the power of the light. The lamp em- 

loyed has two concentric wicks, and‘consumes paraffin. 

he lantern is of -metal, with diagonal astragals. 
Messrs. Stevensons’ designs have been successfully carried 
out by Mr. Service, Saltcoats, contractor for the tower and 
dwellings; Messrs. Dove and Co., Edinburgh, for the 
lantern and lamps ; and Messrs. Barbier and Fenestre, of 
Paris, for the dioptric apparatus. 


St. Enoch Central Station, Glasgow.—The works of 
this great engineering structure have made great progress 
during the past summer and the preceding spring. The 
main roof and the screens at either end are finished, and 
the only work of importance remaining to be done about 
the Stockwell-street end is the alteration of the southern 
portion of the bridge over the street, which could not be 
proceeded with during the summer months owing to the 
necessary interference with the railway traffic. As regards 
Mr. Watson’s contract for the hotel and offices, the walls 
of the portion fronting St. Enoch-square are up to the 
third floor level. The main girders on the first and d 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
larger attendance on ’Change at Middlesbrough than usual, 
it being the quarterly meeting of the iron and allied 
trades of the North of England. There were present re- 
———— from London and all the centres of industry. 
e Cleveland Ironmasters’ Association returns showing 
the make and di of pig iron during the month of 
September were posted up as follows : 
4 Furnaces 
Furnaces out or 
Blowing. Damped 


wn. 
Total for September, 1877 105 57 
in » 1876 108 55 
Make of Pig Iron. 
Port of 
. Middlesbro’. 


tons. 
Month ending September 30, 1877 123,458 
‘i a 1876 105,075 

* August 31, 1877 ... 123,501 


Furnaces 
Built. 


162 
163 


Total of 
District. 
tons. 
169,236 
163,005 
171,622 


Decrease upon August, 1877 
Increase upon September, 1876 
Shipments Foreign of Pig Iron from Port o 
Middlesbrough, v 
Month ending September 30, 1877 
Corresponding month last year ... 


6,231 


Increase upon September, 1876 
Shipments Coastwise of Pig Iron from Port of 
Middlesbrough. 
Month ending 30th of September, 1877 . 


- 42,542 
Corresponding month last year ... ig 


38,464 


Increase upon September, 1876 4,078 


Makers’ Stocks. 


138,107 
133,599 


229,971 
228,139 


1,832 


August 31,1877 __... 
September 30, 1877... 


Decrease upon August, 1877 
Stock in Warrant Stores. 


24,950 
31,030 


—_——- 


6,080 


August 31, 1877 __... 
September 30, 1877 


Increase upon August, 1877... 


Abstract. 
Decrease in make upon August, 1877 ... see 
Decrease in makers’ stocks upon August, 1877 
Increase in stock in warrant stores upon 
August, 1877 ‘ ose sed sos mm 6,080 
The usual facilities were given for the exhibition of 
models, machinery, or articles of interest to the trade. 
Messrs. Hopkins, Gilkes, and Co., Middlesbrough, 
who have for a considerable time been making iron 
by the Danks process, showed samples of homogeneous 
iron which were much admired; and by the side of 
this collection were specimens of ‘aeollle wire and 
m sheets made from the Danks iron of refined metal by 
ster and Mitford’s process. These latter productions 
were the general theme of conversation, and there were 
sanguine people on ’Change who predicted a great future 

for Middlesbrough as a centre of steelmaking. 


The Finished Iron Trade.—In this important branch of 
the great staple industry it is to be regretted that there is 
little doing. Many of the works are only partially em- 
ployed, and others are entirely closed for want of orders. 
Everybody seems to cling to the idea that there will be no 
improvement in trade as long as the war continues, but 
that the restoration of peace would be speedily followed by 
a revival of business generally. Ironfounders, engineers, 
and shipbuilders are not quite so busy. 

The Coal and Coke Trades.—Fuel is in rather better 
request. Household coals have been advanced about 1s. 
per ton. Coke, too, is more inquired for. 

* 


2,386 
1,832 








AMERICAN CARTRIDGEs.—We learn from Bridgeport 
ticut, that a local cartridge company has finished a 





floors are all fixed, and the concrete flooring finished. In 
the range of buildings along the north approach the walls 
are above the second feor level ; the girders and concrete 
flooring of the first floor are completed, and on the second 
floor most of the ironwork is fixed. When this station is 
finished it will be one of the finest in the kingdom. It 
may be mentioned that it is generally designed on the plan 
of the St. Pancras Station of the Midlan Railway Com- 
pany. 

Dunfermline and Queens Railway.—This new 
line of railway was formally ny by a Sonia of the 
directors and officials of the North British Railway Com- 
fing by ee preparatory to its being opened for traffic 
in the first week of November. In length about six miles, 
it has been fully two years in course of construction, the 
estimated cost of the works somewhere about 
100,000. ; but the cost has been considerably enhanced by 
the large price which had to be‘paid for property. 





Austrian Rattwayrs.—The te revenue ac- 
quired by the railways of Austria and H in the first 
eight months of this year amounted to 12,662,000/., as 
compared with 11,6383,000/. in the corres: i i 
1876. =~ : extent of line worked 3¥, t 31 this 
year was 10, miles, as compared wi y miles in 
the corresponding periodof 1876. 


of | an enemy through the shoals near the entran 





heavy Turkish order, and has nearly completed its arrange- 
ments for another contract with the same Government. 
The company is, with great impartiality, also ooes just 
now upon heavy contracts concluded with the Russian 
Government. . 


Bete1an Coat Imports.—The quantity of coal im- 
ported into Belgium in the first eight months of this year 
was 410,000 tons against 490,000 tons in the corresponding 
period of 1876, and 434,000 tons in the corresponding 

riod of 1875. Coke was imported into Belgium in the 
fre seven months of this year to the extent of 16,000 
tons against 19,000 tons in the correspondi riod of 
1876, and 10,000 tons in the corresponding period of 1875. 
It will be seen that the imports have rather sensibly 
declined this year. 


AUSTRALIAN Derences. — Sir William Jervois and 
Colonel Scratchley, the commissioners appointed to report 
on the best means of defending the a of Victoria, have 
completed their inspection of Port Philip Bay and Western 
Port Bay, and have left for Sydney en route for Queens- 
land. commissioners recommend that the passage of 

ce to Po 


Philip should be prevented by two forts and by torpedoes ; 
also that the outer and the passage to it should 
be defended by two land ies. 
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RAILWAY ACCIDENTS IN 1876. 
_ We have already (see page 189 ante) considered 
in some detail the report of the Board of Trade on 
the railway accidents of 1876, especially with refer- 
ence to the miscellaneous causes to which many of 
those casualties were due. We now turn to one of 
the most serious and fatal in its effects—the want of 
efficient brake power. The number of investigated 
accidents classified by the Board of Trade as due, 
for the year in question, to this cause, or to a 
ready — of it, is 21; but as is re- 
marked by the report, and as will be evident to 
every person acquainted with railway working or 
railway traffic, this number in no way represents 
the number of accidents which might have been 
avoided had the means been at hand for bringing to 
a stand within a reasonable distance the trains con- 
cerned on these and other occasions. The 2] 
accidents set down to this deficiency are those 
directly due to it, without taking into account lateral 
causes of any character whatever. The question is 
indeed one of far more importance than is repre- 
sented by the figures quoted, and is one calculated 
to effect in a still higher degree than is even the 
case at present, the welfare of all railway traffic; for 
as traffic increases the rails must become more 
crowded, the sections more reduced in extent, and 
the speed augmented, Nor is the question one 
which affects the railway traveller only, No acci- 
dent arises but what it affects the railway interest 
in amore or ess degree, either directly or indirectly, 
and we concur _with the suggestion thrown out in 
the report that it would be well for the leading rail- 
way companies to consider thoroughly and without 
further delay a question of so much interest to 


themselves, The language employed i porti 

yed in that on 
of the report devoted specially to this point, is by 
no means wanting in power, and indicates as clearly 





as words can do so, the sense entertained by the 
Board of Trade on the question. ‘‘ There is it would 
seem no improvement which would do more to pre- 
vent accidents. or to mitigate their serious conse- 
quences, than the use of continuous brakes; and the 
time has now come when it is incumbent upon the 
railway companies to agree amongst themselves as 
to which of the various systems of continuous brakes 
which have been brought forward is best adapted 
for general adoption. It is for the companies to 
consider the various conditions which such brakes 
should fulfil, and to decide upon the system of brake 
which best complies with those conditions,” Such 
are the remarks of the report, and generally they 
will be thoroughly indorsed by the public. The 
Arlsey accident is a strong case in point, Had the 
unfortunate express been fitted with an efficient con- 
tinuous brake there cannot be the slightest shadow 
of a doubt but the mishap with which it met would 
have been avoided, 

The report considers the question under its three 
principal heads: 1. When under the control of the 
engine driver ; 2. Under control of the guards ; and, 
8. Its automatic action. With regard to the first, 
it points out that to give the engine driver the ready 
and full use of the brakes throughout the train ‘is 
of the utmost importance, inasmuch as it would be 
applicable in the greater number of accidents, be- 
cause it is the engine driver who generally first be- 
comes aware of danger, or of the necessity for 
avoiding it.” Obstructions or obstacles in the way, 
a slip ina bank, or a fall of earth or rock in a 
cutting ; cattle on the line or a vehicle at a level 
crossing ; his line fouled by other railway stock, 
whether from accident, neglect, or shunting; or if 
there is observable an imperfection in the permanent 
way, are, with many other items, pointed out as in- 
stances in which the driver could render the utmost 
service to life and property by a ready and judicious 
application of such a power. Arguments upon the 
point are quite unnecessary, the fact is patent to all, 
and to none more so than to railway men themselves, 
Accidents are constantly attributed to a want of cau- 
tion on the part of the engine drivers in approaching 
distant or other signals, or in approaching at too high 
a speed places known to be more or less dangerous 
or likely to be obstructed; and the men are often 
greatly and unjustly censured for what they have in 
fact been unable to avoid. They are—as the report 
truly remarks—‘‘more or less trained to risk by 
being timed to run at excessively high speeds wit 
trains that cannot be stopped sometimes in 1200 
yards or more.” The long and short of it is these 
men are the scapegoats of a system which in its 
present equipment is not in a position to cope with 
those irregularities and emergencies insuperable 
from a mixed or heavy railway traffic; and until 
this deficiency is met, as the report remarks, by the 
adoption of a brake power which will be sufficient 
to bring “trains to a stand in 300 in place of 1200 
yards” it will not be possible to observe, in their 
strict sense, the regulations of the service; and 
until this is the case how is it possible for railway 
managers to expect a strict observation of their 
instructions in this or any other branch of duty? 

The reasons adduced for placing the brakes also 
under the control of the guards, are cases where the 
speed is observed to be too great, where signals are 
not being regarded by the driver, where a carriage 
in a train leaves the rails, or becomes disabled by 
losing a tyre, or by the fracture of an axle; all of 
which may be known to the guard, but of ‘which the 
driver may have no knowledge. Other cases are 
instanced of which it is not only possible but pro- 
bable the guard would obtain the earlier intimation, 
as for instance, a carriage on fire, in which case the 
draught of the train would, unless the driver were 
looking back along his train, remove all sense of it 
from the vehicles in front, whilst the reverse would 
be the case with those in the rear, 

In speaking on the question of automatic action 
the report points out that where an engine leaves the 
rails, and, as not unfrequently happens, turns over on 
its side, the engine-driver and fireman have no time 
to do anything, “and it is a question of life or 
death to the passengers to have the brakes self-ap- 
plied instantly on every vehicle, to check the spews 
of all at the same instant, and to prevent the leadin 

iages from being destroyed by the momentum o 
those behind them.” The accidents during the past 
year, near Lowestoft on the Great Eastern Rail- 
way, at Claverdon on the Great Western Railway, 
at Long’Ashton on the Great Western Railway, at 
Calne on the Great Western Railway, near Croydon, 
on the Brighton Railway, at Cornbrook on the 








Manchester, South Junction, and Altrincham Rail. 
way, are quoted as instances of this description, 
whilst the following afford illustrations of cases 
where it would have been of the greatest service in 
connexion with casualties arising from portions of 
trains becoming ted, viz., the Wigan and 
Shipton accidents, where the leading parts of the 
trains went forward whilst the hinden [wb ‘were 
dashed to pieces ; the case at Hatfield, in September, 
1876, where, after the failure of a crank-axle, the 
train could only be brought to a stand, after it had 
separated into three parts, in 927 yards; that at 
Ballyshannon, when a composite carriage, after 
becoming separated with other vehicles from the 
train in front ran down an embankment; and that 
where the carriages became separated from the en- 
gine in the Calton tunnel near Edinburgh. Another 
instance is that of Killarney Junction, on the Great 
Southern and Western of Ireland, where the engine, 
after mounting the facing points, broke away and 
fell over on its side, and another at Drem, on the 
North British, when, at a speed of 40 miles an hour, 
the last two vehicles of a train left the rails and 
broke away from the rest without the knowledge of 
the pos coher These are cases singled out and 

pointedly referred to in the report; but it is added 

there are numerous other cases ‘reported to the 

Board of Trade, in which much risk would have 

been avoided if the trains had been supplied with 

self-acting brakes. 

On the other hand, attention is directed to those 
instances which have occurred in which the advan- 
tages of automatic action have been illustrated. 
The first is that at Heeley, where the leading wheels 
of the truck of a Pullman’s car dropped between * 
the rails, and the front part of the train, which was 
travelling at 60 miles an hour, went forward, whilst 
the rear carriages, under the influence of the auto- 
matic brake, came to a stand immediately behind 
the car. (The facts of this case were fully detailed 
by us at the time, vide vol. xxii. p. 469.) The second 
case is that at Ormside, where some wagons, falling 
on a passing passenger train, ca a separation in 
the leading part of it; and the third case that at 
Whitehall Junction, near Leeds, where, in the course 
of acollision, an engine became separated from a 
train, the carriages were brought to a stand by the 
automatic action of the brakes, And to these we 
may well add that near Kirkstall Abbey on the 10th 
of August, in which the driving axle of the leading 
engine of the Scotch up-Midland express—a long 
and heavy train on the occasion drawn by two en- 

ines—broke in two. The train was fitted with the 
estinghouse automatic air brake, and this was 
applied at its full force by the driver as soon as he 
felt the shock of the fracture. The momentum of 
every part of the train was immediately checked, 
nothing left the rails, there were only trifling colli- 
sions between the carriages ; and no passenger sus- 
tained injury beyond a shaking from the sudden 
stoppage. ‘To give some. idea of what the result 
might otherwise have been we have merely to add 
that the engine was wrecked, and the rails for some 
distance twisted like corkscrews. Splinters of the 
engine were thrown many hundred yards; but 
except that the leading axle and the stepboards of 
the first carriage were broken, no injury was done 
to the train, which was brought to an absolute rest 
in 100 yards. Nor was the effect of the brake con- 
fined to the train to which it was applied. A down 
train was due, and the stoppage of the Scotch ex- 
press was only effected—speedy as it was—in time 
to admit of one or more of those travelling by it 
rushing forward and stopping that approaching in 
the opposite direction in time to prevent its coming 
to — over the detached pees. Aaja 
he report concludes its remarks under this head 
by observing that ‘ whether brakes be applied by 
the engine driver, or by the guard, or both, or auto- 
matically, it is essential that their action shall be 
instantaneous, so as to provide that they shall be 
— in cases of emergency in the shortest pos- 
sible time ; and it is also essential that there should, 
in continuous systems at any rate, be uniformity of 
brake, so that when vehicles from one line are con- 
nected with trains on another line the brake power 
may be available for both.” 
ese then are the views entertained by the 
Board of Trade on this—perhaps the most im- 
portant question of railway Be. ment, On the 
whole they are fairly set forth, It is not for a 
public department of a Government service to indi- 
eate the system most suited for sdopeiba. nor does 
hg at all aim to do so. Tt simply sets the 
acts, ore the 


plain and simple & they are, 
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public, and indicates, as does general opinion upon 
the subject, that the time is come. when railways 
must adopt a better, a more thorough and efficient 
means for the control of trains when in motion 
than is at present the case. We have seen the 
efficiency with which that in use on the occasions 
quoted has acted, and we have pointed out to us 
many instances in which it would have been equally 
serviceable had other trains, involved in lamentable 
accidents, been similarly provided. It is not for 
us on the present occasion to argue the merits of 
the pest systems of brakes which have been 
brought forward. We are constantly referring to 
the importance of the subject, whilst from time 
to time we have not failed to lay before our readers 
results obtained from every important trial, whether 
competitive or otherwise, which takes place, and 
we can only repeat our desire that railway com- 

nies will recognise the fact that it is to their 
interest as well as that of the public to lose no 
farther time in the adoption of that for which there 
has been so long a serious necessify. In our recent 
remarks upon the rest of the report we have now 
considered, we have expressed our conviction that 
given a properjand a well-regulated block system, 
and trains provided with an efficient automatic 
brake power, the long list of casualties which these 
reports annually bring home to us asa blot upon our 
railway management, would be reduced by at least 
one half. We adhere to our assertion, and we hope 
the day is not far distant when railways may be in 
& position to test it. 





«tHE POLLUTION OF RIVERS AND ITS 
REMEDIES. 

Tue Rivers Pollution Act, which came into opera- 
tion last August, after a twelvemonth’s grace to 
offenders, since its ing in 1876, was first put into 
operation at Canterbury, by an inquiry instituted by 
the local sanitary authority of that city, particulars 
of which we gave in our last issue at page 268 anée. 
It will be perhaps of some value to our readers if 
we discuss the future of the Act in reference to the 
means which exist, whether of an engineering or 


chemical character, in theuse of which manufacturers, | p@ 


local boards, and others may avoid the penalties 
exigible for infringement of its provisions. 

We may first notice that the Act is eminently 
tentative and permissive. It is so replete with 
restrictions that no vexatious proceedings can be 
instituted under it. In fact the initiation of a pro- 
secution must have the consent of the head Local 
Government Board. In the next place it is strictly 
enjoined that whenever prosecution takes place it 
should be so conducted that the requirement of local 
industry should be respected, so as to balance, if we 
may 8o say, the interest of the manufacturer with 
the sanitary requirements of the locality. We may 
briefly state that it is one of the most merciful Acts 
of Parliament that was ever passed against offenders, 
which should be taken as & reason why every effort 
should honestly be made to fulfil its objects. 

But in this lies the great difficulty. How shall 
mining, manufacturing, sewage, and other refuse be 
treated so that the admission of the liquid portion 
into a stream shall not cause a deposit, an offence or 
danger to health? In discussing this question we 
shall entirely omit any reference to town sewage, 
and simply deal with industrial causes of pollution. 

Commencing with the mining interest, their 
remedy is remarkably simple. With scarcely a pos- 
sible exception, the refuse of all mines is insoluble 
in water; in fact, it would be difficult to find a case 
in which the chemical dangers arising from them 
would be worth notice. It hence follows that all 
mining refuse combined with water may safely be 
dealt with by subsidence in successive tanks, i 
refuse varies from an almost impalpable powder to 
coarse grains, as for example ix coal, and lead ore 
washing. In all such cases, by a succession of 
tanks, each of these kinds of refuse would be depo- 
sited, the finest in the last tank, and consequently 
there is not a shadow of excuse why the liquid from 
mines could not be sent into a stream without 
danger of making a deposit or of being injurious to 
health. 

Not so with manufacturing refuse. This consists 
of a great variety of matter, such as the waste of 
textile substances, dye-stuffs, dyeing and bleaching 
liquids, &c., in all of which the tem heart element 
is accompanied by those of a chemical nature, in dis- 
posing of which lies the chief difficulty. In some 

as Leeds, Manchester, &c,, the rivers receiv- 
ng this refuse are literally as black as ink as a rule, 





varied occasionally by other colours os the 
dyeing processes going on in the town. This of 
course results from the dy. -stuff of each factory being 
cast into the stream just as it leaves the ‘‘ becks” or 
dye-tubs. At the same time every variety of smell 
is afforded, not only offending the nose but being 
itively dangerous. It has been stated in evi- 
ence that a morning’s walk near one stream in 
Lancashire “a ay prove all but fatal. We can 
speak personally in reference to the similar condi- 
tion of the River Aire after passing through 
Leeds. 

One serious difficulty of an engineering character, 
but which renders the prevention of pollution the 
more necessary, is the position of factories on a 
river. We have in view in making these remarks, 
a stream on which are situated seven works which 
include paper-making, cotion-spinning, dyeing, 
bleaching, and calico -printing. Each of these 
works has successively to use the water from the 
one next to it, up the stream, partly for power and 
also for internal processes. It has always been a 
puzzle to us to ascertain how the chemical processes 
are carried on in some of these places, as the well 
supply is very limited, and the refuse of the last 

ill is of the most abominable character. But this 
is only one instance typical of scores of others 
that exist in Lancashire, Yorkshire, and other of 
our manufacturing districts. 

In treating this kind of manufacturing refuse it 
is evident that there are only the meth of sub- 
sidence, filtration, and precipitation by chemical 
means that can possibl & adopted. The mode of 
subsidence is exactly that we have noticed as re- 
— in the case of mining refuse, In regard to 

ltration many methods have been suggested, as 
that of Mr.'Bailey Denton, which has been successful 
in treating aoy - In many cases filters constructed 
after the same plan as that adopted by water com- 
panies might be rendered available. 

It is very desirable, however, in most cases that 
precipitation by chemical means should be resorted 
to, either essentially, or in connexion with the fore- 
goin methods. Lime has for along time been used 
or this purpose. Under certain circumstances it is 
rtially effective, especially in cases where the 
refuse is ofanacidnature, But the deposit obtained 
must be quickly disposed of, otherwise it soon 
becomes very offensive. General Scott has got rid 
of the difficulty by burning the resulting sludge, 
and of this making a cement. 

The sewage precipitating companies and their 

romises have all passed away except the Native 

uano Company, which still holds its own by the 
treatment of sewage at Aylesbury, and the Rivers 
Purification Association, which has Coventry in 
hand, The Common Council of that city have 
unanimously agreed to continue the process, which is 
Dr. Anderson’s, brought out first by the defunct 
General Sewage and Manure Company. 

In respect to the ABC process of the Native 
Guano Company there is no doubt that it successfully 
treats manufacturing refuse, 

In September, 1875, the Leeds authorities carried 
on the A BC process for seven days and nights con- 
secutively, treating the whole of the sewage durin 
that time, taking careful data of the cost, oa 
collecting samples of the effluent every few hours, 
which samples were then averaged by mixing, and 
sent to Ir. Letheby for analysis, From his report it 
—— that in the most important items, the 
effluent obtained came well within the standards 
both of the Rivers Pollution Commissioners and of 
the Thames Conservancy. 

The cost was at the rate per hour of 18s. 33d, on 
a daily flow of about 9 millions. 

The character of the Leeds sewage, saturated with 
the refuse of dye works, bleaching houses, tanneries, 
&c., is a crucial test of the value of the process. 
The experiments here named were made by the 
Leeds authorities without the knowledge of the 
officials of the Native Guano Company, hence they 
have a trustworthy and independent chumanien, 

Numerous other chemical processes have been re- 
commended, tried, and failed, and therefore so far 
as chemical means are concerned, we only advise 
manufacturers a visit to either Aylesbury or 
Coventry to judge for themselves on methods 
actually in extensive use, expressing the hope 
that now the Act is really in a its pro- 
visions, while judiciously enforced by the authorities, 
will be carefully carried out by the manufacturer, 
who may perhaps find in the result that he will 
nee by this necessary act of legislation instead of 
ding it a hindrance to his processes. 





THE IMPERIAL TECHNICAL SCHOOL 
IN VIENNA. 

THE opinion most widely received upon the Con- 
tinent as to what constitutes an ideal course of 
training for a young engineer differs in many points 
from the opinion generally held in our own country 
on the same subject. The most important point of 
difference is probably the relative importance there 
and here attached to an apprenticeship or its equi- 
valent. Many English engineers are only now 
beginning to acknowledge that anything besides 
the rough-and-ready training received by a young 
man during his ae at all necessary to fit him 
for his future wor any continental engineers, 
on the other hand, have not yet recognised that 
anything like an apprenticeship is really wanted at 
all ; they consider that a sufficiently prolonged cur- 
riculum at a college, attendance at lectures, work 
in laboratories, examination of collections, &c., is 
all that is required to prepare a lad for practical 
office work. Of late years, no doubt, the number 
of men holding either set of extreme notions— 
especially the first—has diminished. It may be 
doubted, however, whether there will ever be a 
general agreement on the subject, or whether the 
differences between the classes of men concerned, 
both in nationality and in circumstances, will not 
cause some differences, if not so great as those which 
at present exist, to be permanent. The result of 
the present differences, combined with the fact that 
everywhere engineers are wanted, and must be got 
ready somehow, has been that while our schools for 
the scientific training of engineers are as yet few in 
number and as little developed as our apprentice- 
ship system is widely extended, the completeness of 
the technical schools on the Continent is familiar to 
all, and the number of students attending them is, 
according to our notions, enormously great. We 
do not propose here to enter into any discussion as 
to the merits of the rival systems of training, we 
have often enough had occasion to express our 
opinions on that point. We think it will not be un- 
interesting or uninstructive to our readers, however, 
if we put before them, in a condensed form, some 
particulars as to the course of instruction given in, 
and the general arrangement of, a few of the prin- 
cipal polytechnic schools of the Continent, We 
shall take first that of Vienna, as one of the largest 
and one which, while it does not possess any very 
special characteristics, is fairly typical of many 
others of the higher class. 

The Kaiserliche technische Hochschule of Vienna 
was founded in 1815 by the late Empéror Francis I. 
of Austria, rather as an extension of an existing 
Gewerbe-Schule than as an entirely new institution. 
After several changes it received its Lape ew orga- 
nisation in 1866, at which time it had about 1000 
students, Theanumber fell to 793 in 1869—probably 
owing to the separation of the college from the 
School of Industrial Drawing—but since then it has 
continuously increased. In 1876 the total number 
of students was 1406, of whom 1270 were matricu- 
lated, i.e., attending prescribed sets of lectures, the 
remainder being ‘‘ occasional” students, 

The college is divided into five departments, 
namely, the Ingenieur Schule, or School of Civil 
Engineering, the Bauschule (School of Architecture), 
the Maschinenbau Schule (School of Mechanical 
Engineering), the Chemische Schule (School of 
Technical Chemistry), and the Aligemeine Abtheilung 
(General Division). The latter includes a number 
of classes more or less closely connected with the 
curricula of the four former departments. The full 
course of study in either of the first two departments 
is five years, in the third or fourth four years. 
Students must be over 15 years of age when admitted, 
and must have a good knowledge of elementary 
mathematics and a fair general education. The first 
year of the course is much the same in all the 
schools, its principal subjects being Mathematics, 
Mechanics, Bhemistry, and Drawing. In the later 

ears the different courses diverge more and more 
into their respective specialties. In each case, how- 
ever, the students in one school learn a little of 
the matters which a! to the others. 
In the School of Mechanical Engineering, for in- 
stance, the students have a — of road and 
hydraulic engineering, and also of bridge and rail- 
way construction, in their last year. It is unnecessary 
for us to give a list of classes in the different courses, 
about which there is nothing calling for special 
remark, except that considerable time seems to be 
devoted, no doubt very advantageously, to visiting 
works in progress (often at great distances) and 
factories of importance. 
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Among the subjects treated of in the General Divi- 
sion, besides lectures on special or higher branches 
of the sciences treated elsewhere, are modern lan- 
guages and literature, political economy, the prin- 
ciples of trade, industrial statistics, hygiene, history 
of the fine arts, and so on. 

At the head of the Polytechnicum is a principal 
(Herr Professor Wilhelm Doderer, professor of 
Civil Engineering and Architecture), and under him 
are the deans of the five departments, or, as we 
should call them, faculties. he teaching staff con- 
sists of twenty-seven ordinary and nine extraordi- 
nary professors, besides twelve Privatdocenten, and 
a large staff of demonstrators and other assistants. 
The teaching apparatus of the college is on a scale 
commensurate with its staff. It possesses two 
chemical laboratories and a physical laboratory, be- 
sides numerous museums or collections of appa- 
ratus. These include collections of physical instru- 
ments and apparatus, of mechanical and engine 


models, of raw and manufactured materials and. 


objects of technological interest both mechanical 
and chemical, and of models connected with archi- 
tecture and civil engineering work. There are, 
besides, geological, mineralogical, and botanical col- 
lections, a collection of objects connected with 
forestry, and an observatory containing some valu- 
able astronomical instruments, 

The fees payable for instruction at the college 
seem to us absurdly low, even when compared with 
the small fees charged at some of the northern 
universities in our own country. It is of course 
only rendered possible to make them so small without 
impairing the high character of the teaching by the 
fact that the institution is subsidised by Government. 
The whole yearly fees of a matriculated student, 
whose classes cover nearly the whole of every day dur- 
inga lony session, areonly about 4/, 10s, of our money, 
and this annual payment, with a matriculation fee 
of 5 florins, constitutes the whole — of getting 
thorough instruction from a staff of lecturers whose 
reputation as a whole is scarcely second to that of 
any in Europe. 

The college we have described is now the 
largest in the Austro-Hungarian empire, but it is 
only within the last two or three years that it has 

assed (in point of —. its older rival the 
Peastechutern at Prague, ‘This institution was 
founded in 1806, and was thus probably second in 
point of date only to the Ecole Polytechnique of 
Paris, which was founded in 1794. Its constitution 
(as reorganised in 1869) is now very similar to that 
of the Vienna School, and it contains very nearly as 
many students. There are in the Empire, besides 
these two larger colleges, four smaller ones having 
very similar organisations, those namely at Gratz, 
Lemburg, Cracow, and Brunn, having between 
them about 1000 students. In all the six schools 
taken together, there are at the present time close 
upon 4000 students. Some idea as to the distribu- 
tion of these—a somewhat interesting point—may 
be obtained from the following percentages, which 
however refer only to the Vienna Polytechnicum., 
Of the matriculated students attending that institu- 
tion, we understand that 57.1 per cent. belong to 
the Civil Engineering School, 9.2 per cent. to the 
School of Architecture, 13.2 per cent. to the Me- 
chanical Engineering School, and 7.3 per cent. to 
the Chemical School, while 13.2 per cent. are at- 
ae courses of lectures in the General Division 
only. 


THE NEW DOCKS AT BRISTOL. 

Durine the recent visit of the members of the 
Institution of Mechanical Engineers to Bristol theyin- 
spected, amongst other works, the Avonmouth Docks 
and the Portishead Docks, as already mentioned by 
us, Of these important undertakings we now pro- 
pose to give some description, but prior to so doing 
we would refer to the surprise which was mani- 
fested by the members—and certainly shared in by 
ourselves—that two such works were being carried 
out in such close proximity to each other. The fact 
is that the Bristol Port and Channel Dock (the 
Avonmouth) has always been in the cold shade as re- 
gards the patronage of the Town Council, whorefused 
to give any aid to the undertaking, and it has, there- 
fore, been carried out by the citizens independently 
of municipal support. On the other hand the council 
have from the first freely supported the second 
scheme—the Portishead Docks—and so the two have 
an independent, if not an antagonistic, existence, 
although both aiming at the same useful and legiti- 
mate end, the promotion of the best interests of the 
City of Bristol. The designs for the Avonmouth 











Docks were prepared by Mr. J. Brunlees, who is 
the engineer to the undertaking, and the first sod 
was turned in August, 1868, the docks having been 
opened in February last. Mr. Lawrence was the 
contractor, and the cost of the works was about 
500,000/. 

The docks are situated at the mouth of the River 
Avon, and for their construction a site comprising 
70 acres of land was secured. There is first a dee 
channel or approach 430 yards long and 100 yards 
wide. Next comesa lock 600 ft. in length and 70 ft. 
wide at coping, and which has a depth of water on 
the lower sills at high water equinoctial spring tides 
of 41 ft. 5in. The lock opens into a dock 1400 ft. 
long and 500 ft. wide, and possessing a water area of 
16 acres, It has a depth of water of 35 ft. at high 
water equinoctial springs, 31 ft. 3in. at ordinary 
springs, and 22 ft. 3 in. at ordinary high water neaps, 
but by locking vessels in and out at high water of 
neap tides, 28 ft. can always be maintained in 
the dock. The foundations of the lock were 
laid about 6 ft. below low water equinoctial springs. 
The length between the inner and outer sills 
of the lock is 454ft., and this length is divided by 
a pair of gates into an inner and an outer loc 
chamber, the inner one being 250 ft. 6in., and the 
outer one 203 ft. Gin. in length respectively. The 
lock sills are placed 2 ft. 7 in. above low-water 
equinoctial springs, The dock sill is 8 ft, 2 in. 
above the lock sill, or 1 ft. 9 in. above the dock floor. 
The sluiceways for filling and emptying the locks 
are formed in the interior of the side walls, and the 
are 9 ft. by 4 ft. 6in., culverts running parallel with 
the line of the walls, The lower part of the dock 
wall is in lias lime concrete, and the upper part in 
rubble masonry. ‘The walls are in some places 
24 ft. thick at the base, reduced to 10 ft. of rubble 
masonry at the top. The lock gates are of timber, 
although originally intended to be of iron, but the 
high price of that material at the time of construc- 
tion caused it to be abandoned in favour of wood. 
The quantities of earthwork in the dock and lock 
were as follows: Earthwork, 1,500,000 cubic yards ; 
rubble masonry in lock, 40,880 cubic yards ; ashlar, 
220,000 cubic feet; face work, 6670 superficial 
yards ; concrete, 10,548 cubic yards ; timber, 5130 
cubic feet. 

Hydraulic machinery is, as a matter of course, 
largely introduced in the docks, having been supplied 
by Sir W. Armstrong and Co, The engine-house is on 
the southern side of the lock and contains a 65 horse 
power engine for supplying the accumulator, from 
which a pressure of 700 lb, per square inch is ob- 
tained. Each of the three pairs of gates in the 
lock is worked by hydraulic power, as are also the 
sluices, gates, and penstocks. On the lock side are 
also four capstans worked by the same power. On 
the north side of the dock are four fixed hydraulic 
cranes with a lifting power of 35 cwt. through 
50 ft., the radius of the jib being 28 ft. ‘The ma- 
chinery is all contained within the column of the 
crane. On the same side of the dock is also a 
travelling hydraulic crane moving on rails and so 
constructed as to accommodate itself to a ship's 
hatchway without shifting the vessel. On the 
river side is a sixth crane capable of lifting 5 tons 
toa height of 40 ft. and with a radius of jib of 
30 ft. Two sets of pipes laid around the dock 
convey the water to the machines, and re- 
turn it to the engine-house. Four substantial 
brick-built warehouses, one story high, and each 
about 200 ft. long, stand on the north side 
of the dock parallel with the wall, and about 40 ft. 
from its face. Double lines of rails are laid be- 
tween the warehouses and the walls for facilitating 
the transport and shifting of merchandise. In order 
to provide proper railway communication with the 
dock, Mr. Brunlees laid out the extension railway to 
connect the port and pier line with the Great 
Western and the Midland systems. ‘The works of 
this extension line include a tunnel under Clifton 
and Durdham Downs, 1758 yards long, and a com- 
modious station at Clifton. By this means the dock 
has been placed in connexion with the great railway 
systems of the country. 

The Portishead Docks were authorised by the 
Bristol and Portishead Pier and Railway Act of 
1871, to be completed in July, 1878. Powers were 
granted to the Bristol corporation to subscribe one 
half the dock capital, viz., 100,000/., which power 
they exercised, and the Board of Directors’ for 
carrying out the Portishead Dock undertaking is 
constituted of members appointed equally from the 
railway and the Bristol corporation. The entrance 
to the dock is direct from the Kingroad anchor- 





age, which is the rendezvous of vessels proceedin 
to Bristol, Gloucester, and intermediate | ages £ 
line of railway opened in 1868 connects the docks 
with the general railway system. The docks have 
been built upon the site of Portishead Pill. The 
outer works consist of 1000 ft. of pier, affording 
accommodation to steam vessels en route to Bristol, 
for landing such of their passengers as may be 
desirous of availing themselves of quick railway 
transit to London, Birmingham, and other places. 
Within the line, and at the end of the outer pier, is 
the entrance lock, which has itself an entrance 66 ft. 
in width, the lock being capable of receiving a 
vessel 445 ft. in length, he gates consist of 
wrought-iron ribs plated with sheet iron, and have 
been made by Messrs, Maudslay Brothers, of Car- 
diff. A caisson built by Messrs, Finch and Co., of 
Chepstow, will be used for the exclusion of the 
equinoctial tides from the dock, which tides at 
Portishead rise to the great height of 44 ft, The 
dock is 1800 ft. in length and 500 ft. in width. 
The depth of water in the dock will be 24ft. and 
in the lock 34 ft. on a spring tide and 25 ft, at neap 
tides, capacities sufficient to accommodate the 
largest class of ocean-going steam vessels, The land 
acquired by the dock undertaking is about 80 acres 
in extent, and of which the dock, lock, and timber- 
ponds re about 40 acres. The remainder is re- 
served for the construction of a graving dock, ware- 
houses, transhipment sheds, and wharves, It is ex- 
pected that the water may be admitted intothe dock - 
early in November. The contract was entered into 
in Uctober, 1872, and the works were soon after- 
wards commenced. Mr. C. E. Daniel, the con- 
tractor, anticipates being ready for opening before 
the end of the year. 

We may mention in connexion with this subject 
that since the Peer of the Act incorporating the 
docks, gas and water companies have been sanc- 
tioned, and these important undertakings are now 
supplying Portishead with gas and water. 





THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. IX. 

WHILE ascending elevations with an aneroid, the 
pointer moves to the left hand, showing the decrease 
of atmospheric pressure; descending it moves to the 
right hand, showing the increase of pressure, in 
accordance with the difference of levels, A well- 
made aneroid will, in this manner, measure the 
height of a house, or even the difference in height 
between one floor and another, approximately. Con- 
sequently, with less relative important errors, it 
should indicate the heights of mountains and balloons, 
if used with proper precautions to insure good re- 
sults. One of the objects of the series of balloon 
ascents made by James Glaisher, F.R.S., at the in. 
stance of the’ British Association for the Advance- 
ment of.Science, in 1861, was ‘‘to compare the 
readings of an aneroid barometer with those of a 
mercurial barometer up to five miles.” The aneroid 
readings, Mr. Glaisher affirms, “‘ prove that all the 
observations made in the seven ascents may be 
safely depended upon, and also that an aneroid 
barometer can be made to read correctly to pressures 
below 12 in.” Further, as a general conclusion 
derived from his numerous observations, he states 
‘¢that an aneroid barometer read correctly to the 
first place, and probably to the second place of 
decimals, to a pressure as low as 7 in.” This is 
conclusive as to the value of the aneroid when well 
made and used with the requisite knowledge. 

Of course, as the aneroid is a substitute for the 
barometer, the calculation of heights from its read- 
ings depends upon the same rules as for the primary 
instrument. ‘Lhe formula now generally adopted 
for calculating heights from barometer observations 
was investigated by the celebrated Laplace in the 
Méchanique Céleste. Adapted to English measures 
it is given as follows in the official publications of 
the Meteorological Office : 


F=60159 log. v we (1+.00268 cos. 21) 


f+52251 x ) 
1+- ; 
( . 20886861 * 1044343. 
Where F=difference of elevations in feet. 
f=the same, used approximately. 
«x=height of lower station above the sea. 
b and b/=barometer readings corrected and reduced to 
32 deg. Fahr. at the lower and upper stations 


respectively. , 
¢ and t/=temperature of the air in shade, at the re- 
spective stations. 
l=latitude of the place, or mean latitude between 
the stations. 
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The constant 60159 is deduced from the density 
of air in latitude 45 deg., and as density is affected by 
gravity, the term .00268 cos. 2/ provides for the 
vatiation of gravity from latitude 45 deg. tothe place; 


the term/ +5225! i, duetothe diminution of gravity 


in the vertical between the two stations ; and the 


20886861 
_* ___ ig due to the height of the 
10443430 
lower station. The term involving /is to correct for 
the mean temperature of the column of air between 
the stations. 

The formula requires the height of the barometric 
column at two stations not far apart in latitude and 
longitude, taken at the same time, or reduced to the 
same epoch. If aneroids take the place of baro- 
meters at the stations, it is only necessary that they 
should be nearly in agreement with a barometer, 
because the logarithm of the difference of readings 
merely is required, which will not be affected ma- 
terially by any want of absolute accordance of the 
aneroids with a barometer, but care should be taken 
to ascertain that both aneroids read alike when 
together. If an aneroid be used only at one station, 
anda barometer at the other, the former should be 
compared with the latter, and corrected accordingly. 

The solution of problems by the direct use of the 
formula being in general too laborious, Tables for 
facilitating the calculations have been constructed. 
,Of these there are several sets by various authors, 
but those which agree most closely with the formula 
are given in ‘‘ Meteorological Tables,” by G. H. 
Simmonds, Even the use of such sets of Tables is 
too laborious and difficult for the generality of ob- 
servers. Something extremely simple is always 
desirable even at the sacrifice of some degree of accu- 
racy. To meet this demand, in 1867, Sir G. B, Airy 
prepared the accompanying Table, ‘ particularly for 
the graduation of aneroids with a circle of measures 
in feet concentric with the ordinary circle of baro- 
metric height measured in inches.” For the sake of 
brevity, and as practically sufficient, only every 
hundred feet are given here instead of every fifty. 

The circle of feet is to be read off at the 
upper and lower stations, by the index; and the 
rule for measuring the height is : Subtract the read- 
ing at the lower station from the reading at the 
upper station, the difference is the height in feet, 
For temperatures the following correction must be 
applied: Add together the temperatures at the 
upper and lower stations, if the sum is greater than 
100 deg. increase the height by ,5h5th part for every 
degree of the excess above 100 deg. ; if the sum is 
less than 100 deg. diminish the height by y¢55th part 
for every degree of the defect from 100 deg. ‘The 
corrections for gravity are neglected. This Table 
assumes the pressure at the sea level to be always 
31 in., though no such fixed value can be assigned, 
while such possible values as 30, 29, 28, or 27 re- 
quire different altitude scales. Hence a fixed alti- 
tude scale is scientifically wrong, for no kind of 
altitude scale can be fixed which shall not be 
erroneous except for the same pressure at the sea 
level from which it commences, Nevertheless, the 
results yielded by this fixed scale under ordinary 
circumstances are sufliciently accurate for practical 
purposes, and is convenient and serviceable so long 
as it is used as directed, The makers, however, 
imagine that they can go a step further than Sir G. 
Airy, for they make his scale of altitude movable 
‘* designed especially for showing on the dial, with- 
out the aid of pencil and tables, the height of any 
given place above another.” The observer is di- 
rected to set the zero of the altitude scale to the 
reading of the aneroid at the lower station ; then, 
on ascending a mountain the pointer moves leftward 
and the vertical height of the ascent is to be read 
off at once on the scale of feet. This plan assumes 
that given differences of pressure are always and 
everywhere equivalent to the same differences of 
elevation, which is entirely erroneous. However 
advantageous it might be to have so simple a means 
of observing heights, truth compels the assertion 
that this movable scale is unscientific and misleading. 
Its effect is to make the second differences of baro- 
metric inches, for equal elevations, a decreasing 
series instead of an increasing one; in fact, to re- 
verse the character of the serial differences. The 
heights are only likely to be correct when the scale 
is adjusted to 30 in. at the sea level. As the ad- 
justment is made further from 30, so the elevations 
are given more and more inaccurate, always in defect 
as the heights increase. Thus from 26, at zero, to 
15, it gives 12,300 ft., being 2000 in defect; from 
16, at zero, to 15, 1000 ft., or nearly 700 in defect ! 
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It is evident that this movable scale is a gross mis- 
conception, and must generally give erroneous 
measurements. 

Mr. Rogers Field, C.E., in 1873, applied the 

movable scale to the aneroid so as to convert it 
from being a source of inaccuracy into an aid to- 
wards accuracy. He employs the altitude scale 
proposed by Sir G. Airy for temperature 50 deg., 
but he makes it movable so as to adjust it for any 
other temperature. The shifting of the scale into 
certain fixed positions is made to answer the same 
purpose as if the original scale were altered to suit 
various temperatures of the air. In the Journal of 
the Meteorological Society for 1874, January, Mr. Field 
says: 
‘“‘ The object aimed at in designing this improved 
form of aneroid was, to simplify the correct determi- 
nation of altitudes in cases such as ordinarily occur 
in England, and the instrument is therefore 
arranged to suit moderate elevations, say of 
2000 ft. and under, and is not intended for more 
considerable heights. 

‘‘ The aneroid is graduated for inches in the usual 
way on the face, but the graduation only extends 
from 31 in. to 27 in., so as to preserve an open scale, 
The outer movable scale is graduated in feet for 
altitudes, and this graduation is laid down by fixing 
the movable scale with the zero opposite 3]lin, 
This is the normal position of the scale, and it is 
then correct for a temperature of 50deg. For 
temperatures below 50 deg. the zero of the scale is 
moved below 31 in., for temperatures above 50 deg. 
the zero of the scale is moved above 3lin. The 
exact position of the scale for different temperatures 
has been determined tly by calculation and 


partly by trial, and marked by figures engraved on | 


the outside of the aneroid. In order to insure the 
altitude scale not being shifted after it has once 
been set in its proper position, there is a simple con- 
trivance for locking it in the various positions. This 
consists of a pin, which fits into a series of notches 
on the outside of the ring carrying the glass. By 
slightly raising the glass it is freed from this locking 
pin, and can be turned until the figures correspond- 
ing to the air temperature are opposite to the pin, 
when the glass should be depressed so as to relock 
it, and the scale becomes correct for that tempera- 
ture. The altitudes are in all cases determined by 
taking two readings, one at each station, and then 
subtracting the reading at the lower station from 
that at the upper. 

** It will be seen from the foregoing description 
that the movable scale of the instrument requires 
to be set for temperatures before taking any obser- 
vations, and must not be shifted during the progress 
of the observations. This may appear at first sight 
as a defect, inasmuch as the a of the air 
may alter during the progress of the observations ; 
but practically it will not be found to be any draw- 
back in the case of moderate altitudes, as small 
variations of temperature will not appreciably affect 
the result. A variation of 5 deg. of temperature 





gives only about 1 per cent. variation in the alti- 


tude, an amount that would under ordinary circum. 
stances be inappreciable, so that as long as the 
temperature does not vary during the course of the 
observations more than 5 deg. from that at which 
the instrument is set, the results may be accepted as 
correct, and, generally speaking, even a greater 
variation than this, say 6deg. or 8 deg., would be 
practically of no importance. Of course, if it 
should be found at any time that the temperature 
has varied considerably during the course of the 
observations from that at which the instrument 
was set, this variation can be allowed for by calcu- 
lation in the usual way.” 


The adjustment for the temperature of the air is 
| applied by shifting the scale in accordance with the 
| figures engraved on the outside of the instrument, 
marked A A A A on woodcut. The rim which holds 
| the glass should be slightly raised, so as to be free 
from the locking pin, and then turned until the 
figures corresponding to the air temperature are 
‘opposite to the pin, when the rim should be de- 
pressed so as to relock it, 

The principle of allowing for variation of tem- 
peratures of the air by shifting the altitude scale 
is not theoretically accurate, but sufficiently so for 
practical purposes. For altitudes within the range 
of the instrument (say 3000 ft. and under) and 
temperatures between 30 deg. and 70 deg., the maxi- 
|mum error from using the shifted scale, instead of 
the calculation, is only 2ft., which is inappreciable 
on the scale. The same principle might even be 
applied to altitudes up to 6000 ft., as the maximum 
\error would be only 10ft. For considerable eleva- 
tions, however, the variation of the temperature 
between the base and the summit would interfere 
| with the application of the principle. : 
| Nevertheless the best plan is to dispense with 
‘altitude scales, whether fixed or movable, and to 
jealeulate the heights. Simple rules, giving more 
reliable results than the attached scales, are at the 
service of those who need easy processes. ‘These 
we propose to discuss in the next article. 











LecrurEs ON HEALTH.—Under the direction of the 

Trades Guild of Learning, a course of twelve lectures on 

** Life and Health’’ will be delivered in the Town Hall, 

Shoreditch, by Dr. B. W. Richardson, F.R.S., commencing 

on Monday evening mans, at 8 p.m., to be continued on 
and Frida: 





bring the instruction within the reach of the poorest. 
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STRENGTH OF BOILERS.* 


Mr. J. Mizron, Surveyor to Lloyd’s Registry of 
od British and Foreign Shipping. 

HE introduction of the compound engine, by allowing 
a a ratio of expansion to be practically carried out, 
reduced the coal consumption in marine engines by fully 
50 per cent., but even now scientific men tell us that we are 
only converting about yoth of the available heat of coal into 
work. The ony pecomenl way of still farther economising 
fuel appears to be in expanding still more, and to do this we 
want steam of a higher pressure. The great drawback to 
advancement in this direction is the want of a boiler strong 
enough and at the same time safe. All the latest inventions 
for generating high-pressure steam, in the shape of water 
tube or sectional boilers, have failed when set to work at ocean 
steaming, and up to the present time the ordinary cylin- 
drical boiler is, with all its defects, the only one which can 
be said to be reliable. But with this form of boiler we have 
now reached the maximum strength. The shell plates of 
some of these boilers now at work are 1} in. in thickness, 
and with a greater thickness than this it is, at least with 
our present appliances, almost impossible to properly close 
the joints. But whether or not these boilers are themselves 
fit to carry a a pressure than they now do is a point 
which deserves thorough ventilation. The recent deputa- 
tion of Clyde engineers who waited upon the President of 
the Board of Trade seem to consider that they are fit for a 
higher pressure, or, in other words, that the marine boilers 
of the present day are made unnecessarily strong; and in 
this opinion they are evidently borne out by experience. 

Sir W. Fairbairn, who was considered a great authority 
on this subject, does not give a definite opinion as to what 
the factor of safety should be. At page 344 of the First Series 
of his ‘‘ Useful Information for Engineers,’ he says, 
‘‘ steam boilers of every description should be constructed 
of sufficient strength to resist eight times the working 
pressure.”” At page 52he says, ‘‘ Every description of 
boilers used in manufactories or on board steamers should, 
in my opinion, be constructed to a bursting pressure of 
400 lb. to 500 Ib. per square inch, and locomotive engine 
boilers, which are subjected to a much severer duty, to a 
bursting pressure of 700 Ib. to 800 lb.” Factory Sellen 
were then worked at from 40 lb. to 70 Ib. per square inch, 
marine boilers were worked only at about 20 Ib. (except in 
a few gunboats in the Royal Navy), and locomotives were 
sometimes worked up to 200lb. This’ means a factor o 
safety of from six to twelve for some boilers, and only four 
for locomotives. At page 51, Series 1, in calculating the 
strength of screw stays, he says, “‘ the ratio of strength to 
pressure will be as 45 to 1 =. which is a very fair 
proportion.”’ At page 103, Third Series, he states of six, 
that “‘ this is not too large a margin of security, but 
it is sufficient provided the plates and workmanship are 
of the best quality.’’ Professor Rankine, in his ‘‘ Applied 
Mechanics,” gives three as a factor of safety for structures 
of wrought iron subjected to a steady load, and no load 
can be steadier than steam pressure, but considers that 
steam boilers should have a factor of eight. Now experi- 
ments show conclusively that up to a temperature con- 
siderably exceeding that at which it is practicable to use 
steam, wrought iron does not lose strength; and as no 
part of a properly designed boiler is subjected to a tempera- 
ture much greater than that of the steam within it, without 
being specially strengthened, there does not appear to be 
any reason for this great difference of factor of safety. 
The Manchester Steam Users’ Association, founded by 
Fairbairn for the prevention of boiler explosions, consider 
that where boilers are well built and carefully examined 
periodically a factor of safety of four is sufficient, and the 
correctness of these views is shown by the freedom from 
accidents in boilers guaranteed by them ; but of course we 
are not warranted in concluding from this that the same 
factor would be sufficient for marine boilers, which often 
cannot be subject to the same careful and systematic exa- 
minations as land boilers. The old-fashioned box boiler 
working at from 10 lb. to 30 Ib. had only a factor of about 
four, and yet the accidents which have happened with this 
low factor of safety were quite as few in proportion to the 
number of boilers in use, as with the higher factor of six, 
which is about the present practice of the country, although 
at the same time | etna appliances have enabled boiler 
makers to make better and more reliable work than formerly. 
But althous h the present factor of safety is nominally six 
in many boilers which are at present at work, there are 
parts which either from oversight, or want of knowledge 
on the part of their designers, are very much weaker than 
the other parts, and which considerably reduce the actual 
factor of safety. Yet we find that these specially weak 
parts are often quite strong enough for their work, for 
even after many years’ service they do not show any signs 
of weakness. If these parts are strong enough, then un- 
doubtedly the extra strength of the remainder of the boiler 
has been so much useless weight. 

The importance of having the question of factor of safet; 
definitely settled is therefore very great. If it coul 
with safety be reduced from, say, 6 to even 4-or 44, 
@ great step would be gained. ilers which are now 
carrying 60 lb. could be loaded to 80 Ib. or 90 Ib., and those 
carrying 70 Ib. or 75 Ib. to 100 lb., while if the factor of 
three, which was the old factor, could be used, still high 
pressures could be carried, and the necessity of sectional 
or water-tube boilers would be put off for a future day. 
Not less important than the actual factor of safety is t 
gresticn how it should be measured. Whatever be the 
— of safety which is requisite for new boilers it allows 
me some deterioration of the plates taking place before 

ucing the pressure. Now some parts of a boiler corrode 
much more rapidly than others,-whilst for the same amount 
of corrosion some parts are much more weakened than 


* Read before the Institution of Naval Architects, at 
Glasgow. 











others. For instance, the strength of the cylindrical shell 
of a boiler depending upon its thickness is not so much 
a 2 a — —— Ke, ——— mt Mage end 
p wo , their streng pen upon the square 
of the thickness. Again, in a rivetted lap joint, the sec- 
tional area of the plate suffers by corrosion, while that of 
the rivet remains unaltered. It therefore seems advisable 
to make those parts of a boiler which suffer most, extra 
strong at first ; so that when the boiler is on the point of 
being worn ont the strength of the various parts is nearly 
uniform. This necessitates a different factor of safety for 
each different part of the boiler, but the strength of a 
boiler ey that of its weakest part, the actual factor of 
safety of the boiler would be the minimum of those em- 
paw § oy and as a boiler so made would last 7 long 
and be equally safe as one made throughout with a factor 
equal to the maximum of those employed, it is evident that 
the actual factor of safety of a new boiler is no criterion of 
its value or safety when set some time to work. 

When it is definitely settled what the actual strength of 
the various parts of a boiler should be, it is easy to deter- 
mine the thickness of the parts, for the strains brought 
upon them by the pressure within the boiler are for the most 
part easily calculated. Take for instance the shell of a 
cylindrical boiler. If we take a ring of unit length, and 
consider the forces on the longitudinal cross sections at 
opposite ends of a diameter we see that they must ther 
be equal to the internal pressure x the diameter, hence 
the total force per unit length = pressure multiplied by 
radius. The pressure on the ends of the boiler is nearly 
all taken by the stays, but even if it were not, but was 
entirely borne by the shell plating, the stress would be only 
half what it is in the longitudinal section. ing to this 
fact, we find it stated in works on Strength of terials, 
that the circumferential seams should be single rivetted, 
while the longitudinal seams are double or treble rivetted. 
I shall refer to the strains on these seams presently. In 
flat-sided boilers with ——a crowns and bottoms, 
the curved portions are subjected to . the same 
strains as a circular boiler of same ius and thickness 
subjected to the same pressure, and the flat sides have an 
equal tension acting on them as the circular portion. To 
enable them to retain their shape, these flat portions are 
tied together by stays running across from side to side of 
the boiler, and it is to be remarked that they are subjected 
to the same buckling or bending stresses as the end plates 


f | would be if they were similarly stayed, in addition to the 


tension put on them by the top and bottom. If therefore 
these sides are to have the same factor of safety as the 
circular tops and bottoms they must be greatly stiffened 
either by a doubling plate, L or T irons, &. a great 
many of these boilers, ms wen in steam-winch boilers 

this point has not had sufficient attention given to it, an 

it is consequently their weakest part. This is one of the 
weak points to which I have referred. 

Some engineers seem to consider that any circular portion 
of plate is as strong as if it formed of a cylindrical 
boiler of same radius, but this is the case only when the 
edges of the circular portion are supported in the same 
manner as they would be in the cylindrical boiler, that is 
by tangential forces of an ee fen x radius. 
An interesting case of weakness from this cause was that 
of two sets of boilers made in London in 1875. There not 
being room to get two circular boilers in the vessels they 
were made with top and bottom arcs of the same circle, 
diameter 9 ft. 10 in., with the sides cut off, aiid the 
width being 7 ft. 11 in. They were tied across by three 
rows of stays. It was assumed by the designer of 
these boilers that the top and bottom, being circular, 
could be left to themselves, and that the stays fully 
provided for the flat plates. Now, if these flat sides 
could be kept perfectly rigid with the pressure on them, 
they would have just equilibrated with the tension in the 
circular parts of the boiler (since the top and bottom were 
struck from same centre), and, consequently, there would 
be no need for stays; but of course the flat sides gave, the 
tension on the circular portions tended to draw them in- 
wards at the top and bottom, putting the top and bottom 
rows of stays in compression. The change of form was so 
great with the variations of pressure that the boilers were 
always leaking at the butt straps which were at the corners. 
This made their weakness so apparent that advice was 
asked as to the best means of stre ening them. They 
were ultimately strengthened by J L. 4x 4x4 érons about 
2 ft. apart, running all round the boilers; very stiff stay 
rods were secured to these, the boilers were tested to twice 
the working pressure, and carefully gauged—and even 
after this stiffening they sprung upwards considerably but 
suffered no permanent set ; by their ordinary working they 
still strain so as to give great trouble at the butt straps 
and the rivets connecting the angle irons with the shell. 

Another point which often considerably weakens a boiler 
is the practice of cutting a manhole in the circular s and 
not compensating for the strength cut away. ._They aré 
sometimes placed with their longest diameter longitudinally, 
and a pretence is made to compensate for their loss of 
angie by a thin narrow ring rivetted on. Itis not at 
all uncommon to find in boilers made a few years ago, a 
manhole 16in. in diameter cut out of a a plate 
and a ring 3x }rivetted on. The actual section of me 
left each side of the rivet in the ring is barely greater 
than the area punched out of the shell plates for the rivet, 
and yet such manholes are said to be compensated for. This 
ns | has now proper attention paid to it by most engi- 
neers, the present practice being generally to euply a 
doubling plate of same thickness as the boiler shell, and 
well secured to the strake of plating so that a strain shall 
actually be borne by it. The yeaclion of rivetting large 
cast-iron manhole mountings and neck pieces to boilers is 
another objectionable plan, giving great weakness even if 
they are of most substantial pattern, for as cast iron elon- 
gates so much less for the same stress than wrought iron, 
if the two parts must stretch together the cast iron must 








break long before the breaking strain comes on the wrought 
iron. 

Another error which was once prevalent was the 
practice of fitting boilers with cylindrical steam domes 
with dished tops, especially, when they are of 
diameter. The tops of these domes are no doubt in 
most cases amply strong, but it is different with the 
bottoms. If we consider any cylindrical portion of 
the shell, for it to be subj to direct tension, it 
is necessary that it should be acted by a uniform 
internal pressure, and the ends — by tangential 
forces equal to the tension in it, but the portion of the ~ 
shell under the dome is not subject to these conditions. It 
has the tangential forces T.T. brought on its ends by the 
other portion of the shell, but, the steam pressure acting 
upon both sides of it, there is nothing to retain it in its 
curved form. It tends, therefore, to straighten itself, 
acting merely like a bent stay, and as it straightens the* 
bottom of the dome opens out and causes a great strain 
upon the flange, at the opposite sides. To still further 
weaken this part of the , the manhole in the shell at 
this is generally not compensated for at all. A great 
number of boilers made in this way are now running, and 
must be considerably weaker in this than is generally 
credited. What is wanted to make this part of the boiler 
as strong as the rest of the shell is that it should have a 
pressure equal to the steam pressure uniformly distributed 
over it. , therefore, the top of the dome were made flat, 
and stayed by vertical rods the plate, this pro- 
duces nearly the required effect. Most engineers, how- 
ever, now, if they fit vertical domes at all, make them 
with a contracted neck. These neck pieces are made 
of very stout material and with broad » and the 
serve to compensate in a great measure for the strong 
lost by cutting the hole in the = 

(To be continued.) 


NOTES FROM SOUTH YORKSHIRE. 
, SHEFFIELD, Wednesday. 

New Station on the Great Northern.—A new station at 

Great Horton, on the Bradford and Thornton branch of 
the West prone ty of the Great Northern Company, has 
just been opened, there being conveniences for passenger, 
goods, and mineral traffic. The station buildings are of 
stone. The line will probably be opened out to Thornton 
by next year, and the Halifax branch is also being pushed 
on with. 

Water Supply of Alfreton.—The Local Board of this 
lace have decided apply to the Local Government Board 
or powers to borrow 11,0001. for carrying out the projected 

scheme of new water works. 


The Extension Yhighwe Tramways.—At a meeti 





Friday last of the Highways Committee of the Leeds Town 
Council, it was resolved by nine votes to two to leave 
the construction of the extended tramways to Wortley and 
Meanwood Road in the hands of the company, instead o 
exercising the right of constructing them by the corpora- 
tion, and then leasing them to the company. 

Shocking Mining Fatality—On Monday last whilst 
sinking operations were in progress in a new shaft at 
Wortley, near Bradfield, a large iron drill dropped down 
the shaft and fell upon the head of the manager, Mr. 
George Ashmore, whose skull was thereby completely cut 
in two, death being almost instantaneous. 


ine ihe fy foal f ptpaneet § t the Ye etry of 
e of a ea ‘ou 
Oliver and Co. (Limited), Chesterfield, broke into several 
pieces whilst in rapid revolution, causing much damage 
and inconvenience. 

Pollution of the River Rother.— Dr. Mackintosh, 
medical officer of health, and Mr. Birch, local inspector of 
nuisances, have jointly reported to the authorities that 
from Pilsley to Killamarsh the River Rother is _ 
seriously polluted and obstructed by ashes, cinders, - 

ing, &c., by the collieries and works situate on its 
banks. The Chesterfield Board of Health has, in con- 
sequence, determined to ee ee all offend- 


ing parties, which are stated to inclu iron works 
and a railway company. 
The Barnsley Water Works.—After numerous meetings 


of the Town Council and of the re it has been 
finally decided (at a meeting of the Town Council on 
Tuesday) not to proceed with the scheme this year. 


Srmeny Betensione Fas ge peop mga train lines 
to Heeley and Nether e are now rapidly progressing, 
the former section being a ater finished. The Heeley line 
runs from the Crimean Monument along Sheffield Rone, 
London Road, and Lowfields, and will in all peony be 
opened next week, should the inspection be ay isfac- 
torily. The rails are Bessemer steel of 48 lb. to the yard, 
tic pitching is of Moust Sorel granite, ‘This pitching 
is of Moun’ ‘ is 

is aes enaind 6 in. outside the rails, the remainder of the 
streets being for the most laid with Dunford stone. 
Stabling for 90 horses and sheds for 12 cars will shortly be 
co! at Heeley, where tem accommodation 
has been secured in the meantime. The Nether a 
— is advancing rapidly but is not yet nearing com 
ion. 





Coat In France —The production of coal in France last 
ear was 7,852,930 tons, pesemenes with 8,117,074 tons 
ap che conseapenang half of 1876. Lignites were raised in 
France in the first half of this year to the extent of 
238,629 tons as compared with 213,932 tons in the corre- 
sponding ae of 1876. The total production of 
combustibles in France in the first six months of paged 
was thus 8,091,559 tons, as com with 8,331,006 
in the corresponding half of 187 . 
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THE PENNSYLVANIA RAILROAD; DETAILS OF TENDER FOR CLASS 


(Por Description, see Page 283.) 
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THE PURIFICATION OF IRON.* 

On the Separation of Carbon, Silicon, Sulphur, and 
Phosphorus in the Refining and Puddling Furnaces and 
in the Bessemer Converter ; with some rks on the 
Manufacture and Durability - Bars. 

By Mr. I. Lowrnran Bett, M.P., F.R.S., Rounton 

Grange, Northallerton. 
Part II, 
(Concluded from page 277.) 

RETURNING now to phosphorus, the substance, as is well 
known, which unfits Cleveland iron for steelmaking pur- 
poses, and which at the same time in excessive quantity in 
our north country pig, impairs the quality of the malleable 
iron made in the district. This defect is no doubt sus- 
ceptible of being partly met, but only by more careful 
treatment than can be hoped for under the ordinary con- 
ditions of our mills and forges. 

With such difficulties to encounter as those enunciated 
in connexion with the rail question, there d no alter- 
native but to ascertain whether it was not practicable to 
eopeeate the phosphorus from Cleveland pig to an extent 
which might ey ae its being employed as a material 
for making steel, at the same time obtain a metal 
capable of affording bar iron of a superior quality to that 

ly obtained from an article resembling in composi- 
tion the produce of the Middlesbrough furnaces. 

If the assumption be a correct one, that at a high 

















power of retaining its fluid condition at the temperature of 
the puddling furnace, the further removal of phosphorus 
ea matter of increased difficulty. 











A. | B. 
tie | | | 
| Phos- | | Phos- 
Carbon. phoras. | Carbon. phores. 
Pig iron contained | 
per cent. ... | 8.180 1.494 | 3.200 | 1.390 
First s , after } } 
melting ... ...| 2.830 913 | 
Second stage, partly 
ay ae 2.800 582 | 2.000 -320 
ird stage, y 
refined ... | 1.270 519 
Fourth stage, | 
puddled iron -150 452 | = .050 -330 





Let us now compare these figures, which set forth the 
| gradual changes in the ie of carbon and phos- 
phorus that occur during the process of puddling, with 
those which mark the behaviour of these bodies, during an 
altered condition of things. A sample of Clarence No. 4 





temperature phosphorus is retained by iron, or phosphoric 
acid as a phosphate of protoxide of iron is decom " 
its phosphorus being absorbed by metallic iron, and if it be 
also true that the contrary happens at lower temperatures, 





it remained to be ascertained how carbon, silicon, and | 
Iphur were affected by a careful observance of the last- | 
named condition. 


Carbon, as is well known, confers on iron, in the form of | 
fis; the property of fusibility at a comparatively low heat. 

, then, oxide of iron had to be employed as a means of re- 
moving phosphorus from cast iron under the prescribed 
circumstances, fluidity may be assumed to some extent as 
an essential feature of the operation, so as to assure the 
necessary contact between the two. This, of course, is 


equivalent to iring that while the phosphorus is being 
oxidised, the carbon should remain in sufficient quantity to 
prevent the solidification of the iron. 


In my former r the nature of tie ive changes 


experienced in puddling iron was described, and I gave the 
following > as obtained on two different occasions, | 
indicating the gradual removal of the two elements above 


referred to, viz., the carbon and phosphorus. 
Approximately, it may be assumed that, when the car- 
bon amounts to 2.8 per cent., the phosphorus was about 
.6. These show a loss of about 12 per cent. in the 
carbon, and 57 percent. inthe phosphorus. At the close of 
the experiments, while all but 1} per cent. of the carbon 
was removed, no less than about 24 per cent. of the original 
phosphorus still remained, and the metal having lost the 


* Paper read before the Iron and Steel Institute at New- 








it tp was ascertained to contain 3.637 of carbon, and 

-351 of phosphorus. oy different occasions portions 
of this pig were taken direct from the blast furnace, and 
treated with melted oxide of iron. The temperature of the 
two, at the commencement of the experiment, may be 
roughly taken as that at which ironis used in the foundry, 
but, before the close, they were rapidly cooling to that 
point when fluidity in the iron ceases : 


Content of Carbon. 

Ist experiment, 3.251 or 10 per cent. of diminution. 
2nd ” 3. » ll ” ” 

3rd % 3.182 ,, 12 ” ” 
- 4th ” 3.265 ” 10 ” ” 

Average 3.227 or 11 
Content of Phosphorus. 

lst experiment, .089 or 93 per cent. of diminution. 
2nd ”” -085 ” 93 ” ” 

3rd ” -166 ” 88 ”” ” 

4th ” ” ” ” 





Average .109 or 91 

It may be well at the present moment to consider briefly 
the comparative value of pis iron freed from that excess of 
impurities which places the Cleveland iron, in certain re- 
spects, below the produce of some other districts. For this 
purpose, I shall confine myself to a comparison of the rela- 
tive quantities of the four metalloids we are wy 

Taking the four trials just referred to, we had the follow- 
ing figures representing the percen’ of each : 











































| | 
pen. Silicon. Satpher, a 
Trial No. 1 purified! 
Clarence ... ...| 3.251 .022 012 .089 
Trial No. 2 purified 
Clarence ... | 8.209 | .000 004 085 
Trial No. 3 purified, 
Clarence ... ...| 8.182 | .023 .010 -166 
Trial No. 4 purified 
Clarence ... ..| 8.265 | .018 -007 .099 
Average ...! 3.227 | .015 | 008 | .109 
Against these numbers we have in : 
| 
Carbon. | Silicon. stp _ 
Cumberland hema- 
tite pi - | 4.18 1.92 | .05 .080 a 
Séraing unser pig| « 4.50 2.25 04 060 b 











@ Analysis by Dr. Abel, F.R.S. 

b Paper by M. Julian Deby, “‘ Proceedings of Iron and 
Steel Institute, 1875.’ 

In the Clarence iron, purified by the process described, 
there is, it will be perceived, a somewhat larger quantity of 
phosphorus than in the other specimens of pig with which it 
iscompared. It must, however, be remembered that, in the 
latter, these are pasees below the average in this oo 
and that up to the present time my experiments have been 
condu in apparatus of the rudest description. Wit! 
more perfect appliances, it is only fair to suppose that 
better results may reasonably be expected. : 

For the moment, I would wish to restrict my observations 
to the Clarence purified pig as a material for the manufac- 
ture of bar iron, and for this purpose I will contrast it with 
the refined metal from Bowling, a brand sufficiently well 
known for its excellence to render the comparison a some- 
what trying one. 

Four specimens of refined iron from these well-known 
works produced from cold blast iron contained per cent. of : 




















| ! 
pers (Carbon. | Silicon. Sulphur.| Phosphorus. 

No. 1 specimen...| 3.342 | .150 | .025 490 
o 3 ns | $490 | .114 | .025 370 
oa | 3.330 | .128 .023 .358 
a | 3.410 | .128 .023 305 
Average ...| 3.393  .130 | .024 380 

| ! 














In respect to those elements which are considered to 
affect prejudicially the quality of malleable iron, viz., 
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jlicon, sulphur, and phosphorus, it will be seen that these 
= found “ the Clarence p pig to the extent of 
11 per cent., 33 per cent., and 68 per cent. respectively 
of the quantity of each existing in the Bowling refined 
metal. 

rtion of the Clarence purified iron was puddled 
Rh pe furnace, hammered and made into puddled 
bars of the usual size. These were cut up, piled and 
rolled out once in the finishing mill, and I will now proceed 
to compare its purity with that of other well-known 
makes in respect to the three above-mentioned substances : 

















— Silicon. |Sulphur.| Phosphorus. 
Ave of five samples of, 
pe plates, prepared! 
for Royal Commission ...|_ .101 -118 123 4 
Low Moor tyre bars ...| .089 005 -104 b 
= boiler plate ...| .069 nil -112 b 
id —_ e ro -183 -043 081 b 
Ave of three samples 
of Cleveland iron puddled! 
in Danks’ furnace, twice 
heatedafterbeingpuddled| .128 011 092 c 
Bars from Clarence puri-| 
fied, once heated afte 
being puddlec... | 079 007 040 ¢ 








a Report of Commission on Armour Plates, analysis by 
Dr. Percy, F.R.S. 

b Analysed by Mr. R. Routledge, at North-Eastern 
Railway Laboratory. 

c Analysed by Mr. Rocholl, at Clarence Laboratory. 

The quality of the wrought iron containing so small a 
proportion of hurtful ingredients as those indicated in the 
bars made from the purified pig was found to be of a high 
order. The iron offered great resistance to fracture when 
cold, and were capable of enduring the severest tests to 
prove their freedom from red-shortness. 

In the preparation of the malleable iron just referred to, 
from the purified Clarence pig, only a s portion of the 
phosphorus originally in the metal was present in the 
paddling furnace. By this mode of sostbane, contami- 
nation by a reabsorption of this m oid at the more in- 
tense temperature of the second stage of the process was 
avoided. 

Now, let us consider shortly the physical condition of iron 
when it has “‘ all come to nature’’ in a puddling furnace, 
and when all the nage eer of the pig iron is present. At 
this period of the operation, we will assume that the 

ter portion of the phosphorus has been oxidised and 
found its way into the cinder. The malleable iron consists, 
as is well known, of granules of greater or less magnitude 
coated over with this cinder now rich, or, at all events, 
richer in phosphorus than it was before. 

By mechanical means, a considerable portion of this 
adhering coating of cinder was detached for the purposes of 
experiment from a specimen of puddled iron before it was 
balled, and this amounted to 8.2 per cent. of the whole. 
The cinder was found to contain 3.107 of phosphorus, and 
of it so much was retained on the surface of the cleaned 
iron, that the average of cinder and iron was 1.119 of 
phosphorus. By omen the partially cleaned granules 
in a mixture of fused potash and soda carbonates, a 
quantity of the cinder still remaining was removed, and the 
phosphorus was now reduced in quantity to .255 per cent., 
and of it probably some was still contained in cinder to 
which the melted alkali had not access. By increasing 
the temperature so as to melt the iron in the alkaline 
_ the phosphorus was further brought down to .125 per 


cent. 

The power of puddled iron to reabsorb phosphorus may 
be judged of by the following experiment. In making it, 
specimens were taken from the furnace at the intervals 
named, and before analysis the metal was cleaned as much 


as possible from cinder by fusion in alkali : 











. : 
3 ia g 5 a 
E g\4|3/ 2 
a 6 \|ai|a| @ 
1 |Pig iron, Clarence No. 4, 
contained oa «| 3.150 | 1.120 | .093 | 1.209 
2 |On being melted... «| 3.013 | .019 | .032 409 
3 |Twenty-six minutes afte 
fusion. Coming to na- 
ture 1.973 | .024] .013 | .085 


4 |Thirty-one minutes after 
fusion. Coming to na- 


ture + wh | 970} .000} .013 | .078 
5 Thirty-nine droppings. 


Coming to nature | -294] 026] 013 | .004 
6 |Forty-five finished bars. 
Coming to nature | 102) .065| 019 | .151 




















A second trial gave results corresponding in character to 
those just described : 
No. : Phosphorus. 
1. Pig iron as melted 1.516 


2. Coming to nature, and previous to 


treatment with on -230 
3. Ready for balling... ae hes va -105 
4. No.2 bar lj square... des ‘es 145 


On exposing Nos. 2 and 3 to fused alkali the phosphorus 
was reduced from .230 and.105to .216 and .067 respectively. 
In the No. 2 bar a good deal of this element has again to be 
found absorbed, no doubt, from cinder during the operation 
of balling. By direct experiment, a portion of Nos. 4 and 





5 in the first of these two trials, and containing about .08 


of phosphorus, was to the highest temperature of 
pods ry het msn with its ad- 


rever 
hering cinder. In 40 minutes, the phosphorus in the iron, 
as before mentioned, also previously cleaned with alkali, had 
we me age he fey worth Pee cent. 
ents are accepted as what may 
and erally does take piace during the operation of 
puddling, the propriety of removing the phosphorus, before 
circumstances permit of its re-combining with the iron, 

not be further dwelt on. 

To complete the illustrations given, in order to explain 
the nature of the process we have been considering, I 
would add a few words on the character of some of the 
oxides employed. 

The action, as formerly stated, which robs pig metal 
of its phosphorus is the conversion of the into 
phosphoric acid, by as a portion of the fused oxide of 
iron of its oxygen. is fact might justify the expectation 
that the more xide found in the cinder the more per- 
fect would be the action. Sofar, however, my experiments 














do not countenance such a conclusion, as will be perceived 
by a reference to the following analyses : 
Cinder contained Purified 
per Cent. of Metal 
onion contained 
r Cent. of 
Peroxide of |Protoxide of | Phosphorus. 
Iron. Tron. 
Ist trial ... z 45.43 36.01 824 
SS ia 5.86 55.30 114 











As regards the composition of the oxides before and 
after being employed in the purifying process under con- 
sideration, I may quote the following experiments : 


Mill Cinder Melted in a Reverberatory Furnace. 














J) | Before Use After Use in 
in Purifier. | Purifier. 

Peroxide of iron 15.72 2.93 
Protoxide of iron 67.96 63.79 
Sulphide of iron kis 0.94 1.67 
Protoxide of manganese 0.80 1.52 
Alumina ... ja es 1.33 1.52 
Lime 1.67 1.64 
Magnesia... 0.81 0.85 
Silica... a 8.45 18.24 
Phosphoric acid... 2.95 8.36 

100.63 100.52 
Metallic iron 64.45 52.72 
Silicon... 3.94 8.51 
Phosphorus 1.16 4.71 


























During the 
pecan 6 Be operation, the ag ag also is 
dised and removed, as may be seen in the following ex- 
periment, in which specimens of the iron under treatment 
were taken during the progress of the operation 
—_— carton, | Sito, Sulphur. —. 
The original pig con- 
tained ... | 8.264 | 1.498 | .118 1.516 
1st sample ... | 3.085 138 -091 1.088 
ee Seb | 8.091 082 .083 782 
» wee] 2,688 | 082 | 062 482 
4th », «| 1273 | .009 | 1024 | .065 
Diminution in original 
quantities ... .--| 61 p. ct. 99 p. et.| 78 p. ct. | 95 p. ot. 
In order to form an a ge as to Clarence, or, indeed, 
Cleveland iron in general, treated in the manner described 


being suitable for steel making, I will give analyses of 
the usual run Ee. of this materials tex =e 2 ie 









































a Carbon.| Silicon. | Sulphur. dincte: 
per cent.| per cent. r cent. cent. 
1 300 090 pavoo0 Perog0 
2 -420 -080 060 070 
3 -880 -100 .070 .070 
4 440 -090 060 .080 
5 440 -090 114 093° 
6 420 109 075 070 
7 -430 102 103 -125 
Average M04 094 082 085 
Against these may be placed the composition of 
six specimens of the Clarence iron, purified until the greater 
portion of its carbon has separated : 
Number of | Carbon. | Silicon. | Sulphur ee 
per cent. | per cent. | per cent. | per cent. 
1 537 nil 018 055 
2 .369 nil 017 045 
3 993 070 .016 .073 
4 .970 nil .013 078 
5 294 -026 013 094 
6 1.278 .009 065 
Average ...| .739 O17 | 017 | 068 














The extent of the change in the pig iron may be gathered 
from its composition before and after being treated with 
the oxide of iron : 




















— Carbon.| Silicon. |Sulphur. fl 
Pig iron contained ...| 3.405 | 1.493 | .070 1.238 
Purified metal | 2.665 -101 | .028 .282 
Diminution in original 
quantities ... ..|21 p. ct. |92 p. ct. |60 p, ct. |77 p. ct. 





It may be observed that the purification of the iron is not 
one of the best examples, and is only given to render com- 
plete the information connected with this particular ex- 
periment. : : 

The next analysis exhibits the change experienced by 
calcined Cleveland ironstone fused in a reverberatory 








It will be — in banger) odin the carbon, that there bg 
an excess in the a’ of these specimens, compared wi 
the steel rails, of about 82 per cent. This, however, is a 
difference that can, if necessary, be — rectified while 
fusing the iron before running it into the form of an ingot. 

In respect to the other metalloids, there exists between 
them, in the samples of steel enumerated, and in the 
purified iron, the following relation : 


Silicon _... 18 per cent, of the average of that in the 7 steel rails. 
Sulphur ... 20 ” ” ” 
Phosphorus 80 ” ” ” 


Time has not permitted me to test, by actual experience, 
the soundness of the expectations I aghettae 

to produce a good steel rail from such a material as I have 
tees Seteuiing. 

Before concluding, I would wish to say a few words in 
respect to the manner in which the purifying is 
proposed to be carried out. I must, first, however, ob- 
serve it is not ded that there is any novelty in the 

















furnace : idea that oxide of iron is capable of a large 

oe of ph petes Sues the yore puddling 

: refining. or occupying attention 

— Beteve Ues | AG ee snemitors of the fastitate is the veins T have toben te 

s : discover the natural laws which the affinity between 

Peroxide of iron 16.40 ‘ [Sao wre gs to in the title of this paper, and 

Protoxide of iron... 40.53 RE fg dang . poy ey has been to that 

Sulphide of iron oe 0.60 0.85 | by substituting m ne - the more elevated tem 

Protoxide of manganese 0.89 2.12 tures in use in our forges, phosphorus has been to 

inn .. sip of 11.07 11.59 hange places with carbon, in the order in which these two 

Lime 6.40 6.61 bodies leave the iron. Whether this fact will have any 

a 4.06 4.39 value beyond that which accom contribution, 

_ = a eeutiie 18.74 84.70 however slight, to our knowledge on these , remains 

Phosphoric acid 1.89 3.65 | to bepr om Its praca or, in oo, words, ts com- 

4 wW eS 

100.58 | 100.74 payee the — from cheap of pig iron 

- If the cost of iron so purified exceeds that of the more ex- 

Metallic iron an 7699 | pensive makes, whone original parity eanbiee the steal 
Phosphorus oe - work must end where it has ; 3 

the statements relating to pon paper peptone ype rtegntat pe ben roles 

To the information contained in the s en: i ide is rapid as regards silicon osphorus, 80 

the natare of the oxide of iron employed may be added the nade ob tek Ba to be he work of five | or 


fact that puddler’s tap, at present of little value, appears 
also suitable for use in the purifier. ° : 

In the instances pe oe — 1 nen 0 ey noe ans bars for its 
main obj orisation process 
wat oped wim ip cen hd or nove 5 Yor 
seen, to the extent of a cent. @ phos- 
Dhorus of shout 91 per cent. Practically, therefore, 
product was purified cast iron. 
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THE PELICAN MILL, COLORADO. 
By T. Eaxeston, Ph. D. 
‘Tuese works are situated in the centre of George- 
town, Clear Creek County, Colorado, in the Rocky 
Mountains, at an elevation of 8300 ft., 50 miles 
from Denver, 35 miles by the Colorado Central 
Railway, and 15 miles by stage. The mill treats 
ore from the Pelican Mine, and such ores as are 
offered in the market which are suitable. Most of 
the ores, however, come from the Pelican Mine, 
and are distinguished by the miners as ‘‘ sulphides,” 
which are heavy ores, and “‘ sulphurets,” which are 
mostly light or oxidised ores. At the mill they are 
called “‘ Pelican straight” and “ Pelican light.” The 
first is a very heavy ore, containing at least 16 per 
cent. of zinc, 15 to 20 per cent. of lead, beside 
pyrites, quartz, and feldspar. It contains on an 
average from 150 oz. to 200 oz. of silver, and rarely 
goes as high as 270 0z. The average will be from 
130 oz. to 160 oz. ‘The copper and iron pyrites 
contain about Ney of gold, but the pyrites in so 
small quantity that there is only a trace of gold in 
the ore, and hardly an appreciable amount in the 





ore-drying kilns, hauls his ore, takes care of the 
belting of the works, and looks after the screens, 
which must be constantly watched. ’ : 
From the crusher it goes to the ball grinder, which 
is a cylinder with a rotary grate, the openings be- 
tween the bars of which are less than gy in. In this 
cylinder 1000 Ib. of iron balls, 3 in. in diameter, 
are made to revolve with the ore. When balls 
cannot be had, or when the stems of the stamp 
mills are so broken that they are fit for nothing 
else, they are cut to the length of their diameter 
and used in the place of balls. They soon become 
round from the motion of the cylinder, The balls 
wear out at the rate of 31b,.to the ton of ore 
treated. The grinder needs very little repair and 
requires to be looked after only once a month, 
The crushed ore falls through the grate into a hopper, 
from the bottom of which it is carried by an endless 
chain to the upper floor, where it passes through a 
hexagonal revolving screen, covered with brass wire 
bolting cloth of 70 to the linear inch, This cloth 
costs 90 cents a square foot. ‘ z 
This screen is 6 ft. long, the panels being 16 in. 
wide. One such screen is sufficient to do all the 
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bullion, The plant of the mill consists of one 
Dodge’s crusher, five Briickner cylinders, two ball 
crushers, five amalgamation barrels, and two dolly 
tubs. It can treat 15 tons of ore a day. 

The process consists of : 

1, Crushing and grinding the ore. 

2. Roasting the ore in Briickner cylinders. 

3. Amalgamating the roasted ore in barrels. 

4. Distilling the amalgam, and fusing the silver. 

The straight ore is composed of oxide with very 
little sulphur. 

The following Table gives the prices paid for ore 
at a recent period. 

No. of ounces Price paid for each 


per ton. oz. above 35. 
dols. 
Up to 299 1.05 
99 300 0.93 
” 400 0.97 
% 450 0.99 
” 500 1.01 
%° 550 1.02 
” 600 1.03 
” 7 1.05 
» 800 1.07 
” 900 1.08 
” 1000 1.09 
2000 1.10 


No deduction is made for zine, lead, or copper, 
and nothing is paid for ores of 35 oz. and below. 


1. CRUSHING AND GRINDING THE ORE. 

i. . wen — from the mine more or less wet, 
1s lirst dried on a special drying kiln, and then 
crushed in a Dodge’s crusher. Sne crusher does 
the whole work for two cylinders, and tends to the 
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work of two Briickner cylinders. Flat screens are 
also used, which have a jogging motion, the ore 
being discharged from ealow them through a pipe. 
All that does not pass through these screens goes 
back to the ball grinder, It takes about four hours 
to run 3500 lb., ora charge for the cylinders through 
the screens. 
2. ROASTING THE ORE. 


The bolted ore is discharged through a hopper 
into the cylinders, which have been fully described 
in the article on Briickner cylinders, (See ENGINEER- 
ING, page 515, vol. xxii.) 

The ore is always assayed after the charge has 
turned 40 to 50 times in the cylinder. 

The time of roasting is generally 13 to 16 hours, 
and when the ore is exceptionally heavy, it may be 
as high as 20 hours. 

The roasted ore is discharged from the cylinders 
into wagons 6 ft. long, 2 ft. high, 30 in. at the top, 
and 29 in. at the bottom, with wheels 8 in. in dia- 
meter, placed so close together that it can be 
dumped, The ore is spread out on the floor to cool 
as soon as possible, in order to prevent the tendency 
to form lumps, and is then screened through a forty 
to-the-inch screen. What remains on the screens 
are called screenings, which, together with the 
scrapings from the cylinder, are put on one side to be 
re-treated as described. The ore is now ready for 
amalgamation. 

With five cylinders one man is constantly em- 
ployed at the crusher. The labour count for these 
cylinders will be two roasters, two helpers, two 
crushers, one man on the cooling floor, one amalga- 
mator, and one helper. These are all first-class 
men, except the helpers and cooling floor men, and 
are paid from 3 dols. to 4 dols. At night there are 
only three men in the mill, the roaster and his aid, 
and the crusher. 


3. AMALGAMATION IN BARRELS. 


From the cooling floor the roasted ore. goes to 
the barrels to be amalgamated. There are five of 
these barrels, Figs, 3 and 4, in the mill, which are 
4ft. 6in. in diameter, and 4ft. 6in. long. They 
are made with staves from 5 in. to 54in. wide, and 
34 in. thick, and are held together by four iron 
hoeps, two at each end, and by an iron cross, the 
centre of which contains the journal, and the four 








end holes through which tie-rods pass which are 
fastened with nuts. These iron cross arms are 
placed on heavy cross beams of wood which go 
over the head of the barrel: 

The barrels are made of pine, and usually last a 
year. Each barrel has openings in the centre of its 
length and at opposite diameters. ‘Through one of 
these which is the bung-hole proper, and which is 
5 in. in diameter, the charge is introduced. 

The other opening, which is opposite, is 1 in. in 
diameter, and serves for the introduction of the 
mercury. 

The motion was formerly communicated to these 
barrels by means of a circle of gearing placed a 
little beyond the centre of the barrel, as it is in 
Europe. This is to be abandoned and the com- 
mon V gearing is to be substituted in its stead. 
This is effected by means of a circle of wood 
set on end placed in the same position as the 
gearing, which is 6in. wide and Qin. high. These 
V grooves are cut into this wood. Into these 
grooves fit similar ones on an iron wheel, Each 
barrel runs independently the one of the other, and 
were formerly thrown into gearing by means of a 
clutch, which was constantly wearing out, and would 
sometimes not bring the pinion into the gearing. 
So much difficulty was found with it that the 
boxes in which the arbors run are now made eccen- 
tric, as shown in Figs. 1 and 2. 

By means of a crank, which is fixed to the end 
of the arbor, any one of the barrels can be brought 
as near as is desirable to the fixed revolving iron Y's. 
If they are in close contact they will, of course, 
revolve with a maximum rapidity. If they are at 
a little distance they will revolve slower, and in 
this way the barrels are made to revolve at any 
velocity at will, 

The power to run these shafts, as well as for the 
whole mill, comes from an overshot waterwheel 
28 ft. in diameter and 10 ft. wide. This is much 
larger than there is any necessity for in ordinary 
times, but when the fork of Clear Creek, which fur- 
nishes the supply of water, runs low, it is necessary 
to have it of this size to run the works, as the amount 
of water is sometimes very small. 

At the end of a previous operation, the barrel 
having been thoroughly washed with water, a charge 
of 2000 lb. of ore, and 601b. to 801b. of iron for 
light, and 150 1b, for heavy ores is introduced. The 
iron is almost exclusively worn-out mules’ shoes, 
these being the cheapest kind of iron that can be pro- 
cured, Water is immediately added to the charge, 
so that the ore will just pack in the hand but will 
easily fall to pieces, The bung is closed and the 
barrel is turned with this charge alone for four hours, 
at the rate of 12 to 14 turns per minute. It is then 
stopped and the charge of mercury is introduced. 
This charge for an ore containing 150 oz. is 250 Ib. 
A small quantity of sulphate of copper is introduced 
with the mercury. It is then turned at the same 
rate of speed for 16 hours, The barrel is then 
stopped to take an assay, The pulp is quite hot 
from the reactions which have taken place, so that 
when the bung is removed it makes a slight noise. 
When the bung is opened the assay is taken by in- 
troducing a stick like an ordinary lath to the bottom 
of the barrel and withdrawing it. When it is taken 
out some of the pulp will be attached to it, and this 
is carefully examined. If it has been properly 
worked the pulp will be about the thickness of 
dough and the mercury will be bright, and 
thoroughly incorporated with the mass, If the 
charge is too thin the mercury will have collected 
on the bottom, and there will be very little of it 
scattered through the pulp. Generally only one 
assay of this kind is needed when the ore is known, 
Sometimes it will be found necessary to continue 
the operation, and at others it will be found that 
the charge has been worked too long and that the 
mercury is flowered and sometimes black. If the 
charge has been properly worked, water is intro- 
duced so that the barral will be very nearly full, 
Previous to this time the charge had not more than 
half filled the barrel, ‘The barrel is set in revolution 
again for an hour at a slower motion, the object of 
which is to collect all the mercury and amalgam 
from the pulp on the bottom of the barrel and allow 
it to remain there. At the end of this time the 
barrel is turned over with the small opening down, 
an iron cock is inserted into it to draw off the 
mercury and amal, which are on the bottom. 
In front of this hole there isa large trough in which 
an enamelled iron pot 12in, in diameter and 6 in. 
high is placed, The mercury and amalgam are dis- 
charged into this until the charge commences to 
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. After the amalgam is all out the stop- 
cock is withdrawn and the iron kettle removed, 
100 lb. of fresh mercury are introduced, the open- 
ing closed, and the barrel made to revolve slowly 
for three-quarters of an héur, The object of this 
is to collect any mercury which may settle from the 
pulp, or which may have collected around the iron 
shoes in the barrel. The iron kettle is now re- 
placed in the trough and the barrel is turned down 
with the bung toward the trough, and discharged 
into the sluices in which riffles are placed, and 
through which a rapid stream of water is constantly 
running. The riffle bars are rectangular and are 
2in. in height. The mercury collects behind them. 
The trough containing the riffle bars ends in the 
dolly tub. Most of the mercury is caught in the 
riffles in the trough, but a part of it which is very 
fine is carried over into the tub. When the barrel 
is emptied it is filled one quarter full with water, 
and turned with the bung open until it is entirely 
empty. This will wash out some small quantity of 
mercury and ore, and as the water is likely to be 
thrown to some distance and must all be caught, the 
line of the revolation of the barrel is protected with 
two vertical troughs, one 35 in. wide at the bottom 
and 5 in. deep, and the other 27in. wide and ]4 in. 
deep; both of them are placed close inst the 

and empty into the trough below into which 

the barrel is emptied. By this revolution with 
water everything in the interior of the barrel except 
the larger part of the iron shoes is washed out, and 
the barrel is cleaned ready for a new charge. With 
heavy ores about 31b. of iron will be used up in 
each operation, but with light ores much less. 
When the pulp is taken out of the barrel, the shoes 
which have been very much corroded come out in 
‘small pieces, These pieces are carefully scraped 
and put on one side wet. After they have slowly 
oxidised the oxide of iron lifts the mercury which is 
then washed off. Only about 151b. of mercury is 
collected in the kettle which stands under the 
barrels and in the riffles, the rest goes into the 
a tub. 

@ mercury and amalgam from the barrel has 
been drawn into an iron pot in the trough. These 
iron potsare used because it is not safe to carry a 
heavy weight in wooden vessels, They are the 
ordinary porcelain-lined kitchen utensils, and are 
much cheaper than any other vessel that can be had. 

From this vessel it is dipped into small ones. The 
amalgam will then be in two different pots. On 
the top of the last pot is a thick layer of pulp which 
is carefully removed, and washed in a wooden 
bucket. 

The amalgam is then washed with clear water, 
and the water taken off, the surface being very 
carefully dried with a sponge. After the amalgam 
has been in this way carefully cleaned, that which 
is taken from the riffles is added to it, and the whole 
is then weighed. That which comes from the dolly 
tub, when it is cleaned, is weighed separately and 
then added. The whole is now placed in a bag of 
duck to be strained. 

This , Fig. 5, is conical, 12 in. in diameter at 
the top, and 2 ft, long. The top is made of 3-in. 
round iron, bent in the form of a circle 12 in, in 
diameter on the inside, over which leather is 
so folded as to be double and 3 in. long, and is 
sewed directly underneath the iron ring. Between 
the two open folds at the bottom the canvas bag is 
fastened. The iron top of this bag will just fit over 
one of two holes, 12 in, in diameter, made in the amal- 

mation table, Figs. 6 and 7, which is 4 ft. 6 in. long, 

ft. 8 in. wide, and 33 in. high. The top is made of 
l-in, plank, and is provided with arim } in. in height 
in order to catch any merc that may fall upon 
the top. Below the bag hole isa wooden tub 2 ft. in 
diameter at the top and 2 ft. high, the bottom of 
which is covered with water. In it an iron vessel is 
placed which is 15 in. in diameter and 18 in, high, into 
which the canvas bag projects. ‘The object of 
having two tubs, one inside the other, is to prevent 


any possible loss of npn 

The cleaned mercury and amalgam is brought in 
the iron pots, and poured in the canvas bag, which 
is rarely ever allowed to be more than half full at a 
time. The excess of mercury runs immediately 
through the pores of the cloth, and when the 
amalgam is so thick that no mercury any longer 
runa, the bag is twisted as tight as possible with 
both hands, and when no more can be got out by 
twisting, the bag, twisted as it is, is lifted out on 
the top of the table and squeezed and rolled, and 
when no more can be got out in this way it is ready 
for the furnace. the amalgam is thoroughly 





strained, it is weighed, and the difference between 
it and the weight of the mercury and amalgam gives 
the loss in the barrel, The loss is generally from 
24 lb. to 6 lb. per ton of ore treated, 

When the amalgam is pure it has a crispy, some- 
what sandy feel, and is more or less hard, and makes 
a slight noise, somewhat like the rumpling of silk 
when pressed in the hand, It does not however 
have a cry like that of tin. It is more or less hard, 
except when lead is present in considerable quan- 
tities, when it is soft. The fineness of the bullion 
depends almost entirely upon the way in which the 
roasting is done. If the roasting has not been 
properly performed, the bullion can only be made 
fine at the expense of the mercury. 

The Dolly Tub.—The dolly tab is of wood 5 ft. in 
diameter and 6 ft. high. A stirrer of wood revolves 
in it. The vertical shaft hasfour arms. Each arm 
is bound by a brace to the one next to it, and the 
set of four braces make a square, the arms being the 
diagonals. Each one of these braces carries a long 
pin, and the four arms are filled with them. These 

ins go to within an inch of the bottom of the tub. 

he shaft is run at the rate of 25 revolutions per 
minute. It is kept constantly full of water, and 
receives the whole charge from the barrels, It has 
in the sides a number of holes, the lower one of 
which is 4in. from the bottom, for discharging the 
contents of the tub when it is to be cleaned up to 
get the mercury, which is once a week, or once in 
two weeks, as occasion may require. A stream of 
water constantly runs into thetub. From the upper 
hole the water flows continuously, carrying off all 
the light material into the stream, All the heavier 
materials collect in the bottom, and are always 
assayed. If the charge is worked well, the ma- 
terial caught in the bottom of the dolly tub is 
thrown away, if not it is put on one side to be re- 
treated. It consists of base metal, oxides, gangue, 
and silica. In order to collect it, it is simply 
washed out into a reservoir, allowed to settle, and 
then dried. It is then roasted in the cylinder with 
raw ore and salt. There were at one time 16 tons 
of tailings retorted in the course of three months, 
which averaged from 35 oz. to 45 oz. of silver. This 
was caused partly by the ignorance and inexperience 
of the roaster and amalgamator, but mostly from 
neglect in assaying the charges, and is entirely un- 
necessary. One dolly tub is sufficient to do the 
work of two barrels. 


4, DISTILLING THE AMALGAM. 

The dry amalgam is placed in four half-round 
cups which are made to fit the bottom of the cast- 
iron retort. This cast-iron retort is 30 in. long, 
14 in, in diameter in the front and 9 in. at the back, 
having a recess in the front in which to place and 
fasten the iron cover. It is placed in a furnace of 
ordinary red brick, which is 53 in. high, 46 in. wide, 
and 34 in. deep, the whole being tied in both direc- 
tions with iron braces 1} in. wide. The top of the 
furnace is made an arch one brick thick and 21 in. 
in diameter, the pillars which support it being 12 in. 
wide. The retort is suppo at both ends by 
pieces of refuse stamp stems, as those are the cheapest 
material they had at the works. 

There are twelve grate bars } in. square, placed 
8 in. from the ground, and 14 in. from the retort. 
Thesmall end of the retort usually projects through 
the brickwork, and from the centre of the end cast 
with it is a pipe 24 in. in diameter outside, with a 
flange at the end, Into this pipe a Q-in. iron gas 

ipe is screwed, so as to be gas-tight, and runs a 
ew feet in the air, slightly inclined, and then 
turns at right angles and passes to the bottom of 
an ordinary barrel filled with water, then through 
the sides of this barrel on a slight incline over a 
tub partially filled with water into which the con- 
densed mercury drips. The object of the water in 
the tub is to prevent the mercury from spattering 
as it falls. The four cups hold together 450 lb. of 
amalgam. When placed in the furnace the door is 
put into the front of the retort and made gas-tight, 
so that no fumes of mercury can possibly escape 
from it, and the fire is lit on the grate. It takes 
a slow fire four to five hours to completely distil this 
charge. If the angle of the pipes does not incline 
sufficiently some mercury is caught in them, and 
sometimes is considered as lost. is may be re- 
moved, however, by gently tapping the pipes, and 
is always regained in subsequent operations. When 
the charge is finished the furnace is left to cool 
slowly and the amalgam is removed from the cups, 


and that of the retort silver and distilled mercury, 
will give the loss in mercury. Theoretically there 
should be no loss, but there is always a slight dif. 
ference between the weights, owing to the fact that 
the furnace is not always perfectly tight and that 
some amalgam is either actually lost or is counted 
as lost. 

The following Tables give several samples of the 
treatment of Pelican and nen ore, and of the 
results in melting retort silver : 
anaup % Work done in the bm Ju 

i on ings, Dirt, w 

Forduued, Ore. _— 


6th, 1874. One 
Scrapings, from 


Barrel No.1. Charge No. 210, 

Charge of ore vin she 2000 Ib. 
Silver contained... oz. 
ES ro 

ercury ¢ re ove ‘ 
Time of charging mercury... ooo 2 p.m. 
Mercury and amalgam disc ° 1154 Ib. 
Amount of amalgam ... ° 06 40 lb. 
Weight of retort silver... “ 90 oz. 
Fineness of the bullion ae 800 to 900 
Weight of retort silver . 90 oz 
Loss in melting ... ab S 

85 33 

Yield of silver 800 fine, 800 x 85=—=68 
Loss in melting ... ae sos 14 lb. 


The base metal was copper. 
One Day’s Run on Pelican Ore. Barrel No. 2, Charge 211. 


Charge of ore 2000 Ib. 
Silver contained... eh eee 134 oz. 
Time of chargi one ove 10 a.m. 
Mercury charge ove oo 220 Ib. 
Time of charging mercury... ove 2 p.m. 
Mercury and amalgam discharged ... 2344 Ib. 
Amalgam Re vin s<4 i 84 Ib. 
Weight of retort silver 175 oz. 
Fineness .., sip ob eee 800 
Weight of retort silver... 175 oz. 
Loss in melting ... ain te 


166 
Fineness 800, 166 x 800=132.8 oz. 
The base metal was lead. Amalgam generally re- 
torts 2 oz. to 2.15 oz. per pound. 


Fusion. 
Sample of Selected Ore Purchased. 
Barrel No. 25,'Monday, June 15th, 1874. 
oz. oz. 
Barrel No. 1 contained 191 
” 2 99 187 
378 retorted 387 
Discharged June 16th. 
Barrel No. 1 contained 174 
” 2 ” ave 166 
340 retorted 385 
Wednesday, June 17th. 
Barrel No. 1 contained 166 
” 2 ” 169 
335 retorted 431 
1053 1203 
; 0z. 
The weight of retort silver 1203 
Weight of the bar... ove 1141 
Remains for the next bar wm 62 
Weight of fine silver in the bar at 832 


fine ont ed coo ne eo 
Weight of fine silver in 62 oz. at 832 fine 


52.4 
Total fine silver ase a.) 1001.7 
Total fine silver by assay ... 1053. 
” 9» found e+» 1001.7 
Total loss 51.3 
Yield in fine silver... . 95.3 per ct. 
Oz. 
Bar 24 gave... 95.1 
gs 95.3 


” SO cee 


; a a 
The average yield in purchased ore is ... 93 per ct. 
on Pelicanoreis ... 87 ;,, 


” ” 


It was impossible to get any economic data with 
regard to this treatment, owing to the fact that the 
work was done for the most part for the owners of 
the Pelican Mine, this mine having been in continued 
litigation with the Dives Mine, and being subject to 
constant visits from legal officers has frequently 
been obliged to work with sentinels posted so as to 
give notice of their - og The work by 
barrel amalgamation should be just as well done as 
by pan. The pan, however, is peculiarly an 
American process, and is the one which has grown 
up from the necessities of the country, and is, there- 
fore, the one which is best known, while the barrel 
amal, tion is a foreign and one against 





which are carefully scraped. It is then weighed. 
The difference between the weight of the amalgam 


ED eae : 
which there is a great deal of prejudice. It is 
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evident that the plant of a works with barrels must 
be very much cheaper than it possibly can be with 
the pan process. The difference in labour is not 
very great. The yield is about the same, an 
barrel amalgamation should therefore be somewhat 
cheaper than pan. It has, however, never come 
into any extended use, probably because it cannot 
be said to have had a strictly fair trial at any mill 
where it has beenintroduced. It has been frequently 
abandoned for the pan for the very obvious reason 
that the work of the pan is thoroughly understood, 
while that of the barrel must generally be first 
learned by the engineer in charge and taught to 
the men, It is therefore not surprising that the 
pan should be preferred and used, In a given 
case this would probably be the cheapest for any 
company, as pans in any variety may be had at 
any foundry for a comparatively small price, as 
they are obliged to keep all the patterns on hand, 
beside which the skilled labour necessary to super- 


intend the process and to teach it to green hands, 
can always be had, which is not the case with the 
barrel. 








HIRN’S THERMODYNAMICS.—No. VIII. 
ON THE UNIVERSAL NATURE OF THE LAW (F ) 
z= 


To determine R in gases and vapours we have 
employed experimental data on compressibility, on 
heat of evaporation, on fall of temperature with fall 
of pressure. To determine R and vy in liquids, re- 
ference has been made to results on dilatation and on 
variation of the common heat capacity with tem- 
perature. There has been a certain special treat- 
ment employed in each case, which has taken away 
from the general consideration of the law. 


I. Critical Proofs of the Law e. 


The equation 

P+R. (*) =(P.+R.)% 2 

v uv T. 
has given for gases and vapours the relations 
between T, V, P, conditionally on the determina- 
tion of R, corresponding to given values of T,, P,, 
V,. In proceeding to liquids, to which the 
theorem () does not extend, from which has been 


deduced R=R, (2)’; we have been obliged to 
U 


use the more general form 
P+R=(P.+R,)* 2, 
- 
and must know a value of R, corresponding to 
P,, T,, V,; whilst the result gives (P+R), and not 
each of these quantities separately. 
The question which arises for us is to know 
whether having once obtained for a gas, and 
saturated or superheated vapour, the indespensable 


term 
(P.+R.) 2 =(*) 
Ze T. 


we obtain for the same body in the liquid state 
© _(P+R) v— O.— 
T . eae 
Only in this case can the law be called universal. 
We have already obtained approximately for water 
at 100 deg. 
(P+R.-) (1+R-)=32,660 atm. 
for steam at 100 deg. 
(P+R,)=(1+R.)=1.1063 atm. 
The volume y of the vapour, at 1 atmosphere and 
at 100 deg. is sensibly 
u;=1.653733 me. 
From which the volume of water is 
we 1.653733 x 1.1063 T.— 9,9000560713 


FS 


const. 


and as w is 1.04315 lit., it follows that 
~Y=0.00104315 —0.0000560713=0.98708 lit. 

This value of 4) is almost identical with that ob- 
tained in considering the properties of water only 
or 0.9919 lit. 

. In taking saturated steam at 50 deg., we obtain 
P+R=0.09 m. and 0.098 m, by the two methods 
of calculation. 

In the employment of the usual theoretical and 
empirical formulz of physics, a difference of .09 and 
-098 would be considered as a large error, When 
we remember that it is a question here of the appli- 
cation of a purely theoretical and rational law to a 
case in which the two variables V and 2 are in the 
ratio of 12.049 to 0.0000248294, or about 500,000 


d| hand, it is 


to 1, we shall rather be surprised at such an approxi- 
mation. 

II. Changes of State of Bodies. —QOn the one 
generally admitted that the passage 
from the solid to the liquid and from the liquid 
to the gaseous state are quite distinct, and are 
not auiegens for example with dilatation, and 
the phenomena are explained by admitting the 
existence of forces acting with extreme energy at 
very small intermolecular distances, and becoming 
suddenly nothing, when the distances have sen- 
sible magnitude. On the other hand, vaporisa- 
tion is considered as an extension without variation 
of ordinary dilatation by heat. The author holds 
that neither of these ways of looking at the subject 
is correct, and that both must be modified. 

The existence of a universal law connecting P, T, 
and V, renders absolutely inadmissible the inter. 
vention of forces whose action — at certain 
distances, and is annihilated at others. As yet we 
know nothing of the size of an atom, nor of their ab- 
solute reciprocal distance in given cases, but it is 
evident that the distance varies enormously. In 
evaporation of water at zero, the interatomic volume 
varies more than ] to 1,000,000, and the distance of 
the atoms increases at least in the ratio of the cube 
roots of these numbers. We know now that there 
is a tendency of the atoms of gases and vapours 
towards oné another ; the intensity of this tendency 
is weakened, but is not reduced to nothing by the 
increase of the atomic distances; and if R, is the 
intensity at the distance corresponding to yo, we 
have for the same body 


R=R, ? (*) 
vu 
from the most perfect gaseous state to the most re- 


sistant solid state, ? (-?) being a function, 
u 


hitherto unknown rigorously speaking, expressing 
the law of variation which connects v and R, 

The above considerations seem to sanction the 
opinions of the physicists last referred to, but for the 
purpose of modifying them let us consider the phe- 
nomenon of evaporation. 

If a gas or vapours dilate, the temperature being 
maintained constant 


Vor-v _ Vow 7, 
P=(P,) + Ro) vow Ro v— 
Here we have a phenomenon of perfect continuity, 
and the pressures R and P, whatever V may be, 
are always in equilibrium with the repulsive in- 
tensity of the heat. 

In evaporation, on the other hand, a body passes 
certainly from a specific volume w to another V, if 
heat is furnished, but one of the former variables 
(P) becomes constant, as it can only vary with 
variation of temperature. Pas compared with R is 
small in liquids but very great in gases, And the 
expansion takes place in infinitesimal portions and 
at once in each. For each quantity of heat dQ 
added to the unit weight, a weight of liquid dm, 
evaporates entirely, whilst the mass of the remaining 
liquid (l1—m) and the mass of vapour formed m do 
not change. The total volume v=(1—m) w+m V, 
and the increase dv=>—wdm+Vdm are formed 
always of two distinct terms. 

From the very fact that Ris an exclusive function 
of the reciprocal distance of the atoms, we cannot, 
in the twe simultaneous equations 


wo—V\— Wo-V)} T 
P+Ro PT )= Poth) Cs) iz, 

Wo-V\ — Wo-V T 
P+Ro? (PV) = Pot Ro) (F—*) 5 
According to the nature of 








have always P=P’. 
the function ? (**), the equality can exist for 
u 


two or for a greater number of corresponding values 
of wand V, but it cannot be continuous, 


The law (2) can only apply to the two ex- 


tremities of the passage from w to V, to the two 
atomic distances corresponding to (w—.)) and 
(V—.L), but not to the intermediate ones, The 
existence of saturated vapour and saturated liquid 
showthatthere are two interatomic distances in which 
P and R exactly equilibrate the repulsive intensity of 
the heat force for a given temperature. A saturated 
liquid when heated passes by leaps from one con- 
dition to the other, and because the equilibrium be- 
tween (P=constant), R and « T does not exist in 
any intermediate atomic position. 





The same law connects (P+R), T and V in the 


gaseous and liquid states, for the same body the nu- 
merical factors are the same in both, but as the laws 
expressing the relation of R and v, and « T are dif. 


ferent, the law a only applies before and after the 


passage of an atom from one position to the other, 
that is to say, defore and after the change of volume 
of each part, but not during the passage or change 
of volume, 

In fine, evaporation does not constitute a sudden 
leap, nor a rupture of the general law, nor the 
sudden cessation of the action of certain internal 
forces; nor is it a continuation of expansion; it is 
a result of the simple fact, that the law of heat re- 


pulsion « ? CG ) is other than the law of atomic 
uU 


attraction R, ? ( “*), and that necessarily, if P or 
uv 

the external pressure becomes constant (or wi/), it 

is impossible to have for all values of v, 


P+R, 9! (*)=«° (=) 


In the case of fusion the pressure becomes constant or 
nil, the value of the external pressure is always 
small in reference to R. The temperature remains 
constant, the fusion takes place by particles and not 
en masse, there exists also in a word in solids and 
their liquids two molecular positions in which the 
calorific repulsion makes equilibrium with R. 





THE PENNSYLVANIA RAILROAD. 
No. XLII. 
STANDARD FREIGHT AND PassENGER TENDER TRUCK. 

Fias. 59 to 96, on our two- engraving and 
on page 305, show in the fullest detail the con- 
struction of the we - tenders on » freight 
sylvania Railroad both for passenger and freight 
service, the latter differing from the former only in 
a few trifling details, igs. 59 to 64 are views 
showing the general arrangement, from which it 
will be seen that the trucks rest upon four wheels 
30 in. in diameter for freight tenders, and 33 in, in 
diameter for passenger tenders. The frame is of 
iron with timber top and bottom bolsters for carrying 
the centre pin and turning plate. A side elevation 
of the outer frame is shown in Fig, 59, where it will 
be seen to consist of two bars B B', 3 in. by 1 in., 
and 5 ft. 7}in. long; these bars are bent into the 
form shown in Fig. 80; at the.ends the plates 
come together for a length of 8 in,, and leave a 
clear distance between them of 16 in., and parallel 
for a length of 17} in. Two bolt holes} in. in 
diameter, and 6 in. apart, are made through the ends 
of the plates, and two in the middle of the upper 
bar 17s in. in diameter and 13} in. —_ In the 
bottom bar there are two similar holes, and two 
others }j in. in diameter, and 6 in, apart. These 
frames are placed 6 ft. 23 in. apart from centre to 
centre (see Fig. 64), and their length co ds 
with the distance apart of the wheels, 4 ft. 10 in., 
the axle-boxes of the latter being bolted to them, 
as shown in Fig. 59, by the bolts passing through 
the i§ in. holes before mentioned. xtending 
between the axle-boxes, and bolted to their under- 
side, as wellas tothe centre of the frame, is a plate 
4in, wide and }in, thick, Figs. 63 to 67 show the 
cast-iron pedestals I, placed between the frames in 
the centre ; they are formed with jaws at the top 
and bottom to fit on the bars B B!, and are of the 
transverse section, shown in Fig..96 at I, As shown 
in Fig. 66 the bottom bolster is bolted to sole plates 
projecting from the pedestals, by four § in, bolts, 
and the upper by three of similar size to guide plates 
having jaws fitting the pedestals and allowing a 
vertical motion of the top bolster. These bolts 

right through the bolsters, as seen in Fig. 63. 

olts a a, Fig. 63, pass through the bar e 
and pedestal, and are secured by lock-nuts under- 
neath. The bottom bolster is moreover secured 
to the bottom bar of the frame by two {-in. bolts, 
with countersunk heads and locking nuts, 

Figs, 62, 65, and others. show the form of the 
inner frame running parallel to the one just de- 
scribed. It is shown separately in Figs. 78 and 
79, and consists of a bar | in, thick by 3 in. wide, 
bent to the form indicated, and of a lighter bar 4 in. 
‘by 3 in., bent to the form seen in Fig. 79. e 
‘ends of both plates where they come together are 
12 in. long, and there is a horizontal portion above. 
in the middle 12 in, in length, the dip of the plate 
in the centre being3 in. The horizontal portion of 





the lower plate is also 12 in. long, and the dip is 
9 in. These frames are placed 44 in. apart, and are 
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connected together by bars (K, Fig. 64) 2 in. wide 
by # in. thick, and attached to the frames by } in. 
bolts. The axle guards L, shown in various figures, | 
and in detail, Fig. 82, are bolted to these inner frames. | 
These guards are ]2 in. wide over all, 6 in. wide in | 
the clear in the loop, 7} in. deep, and are made of | 
x in. plate, 3 in. me of they are bolted to the frames | 
by 2 in. bolts, By referring to Fig. 62, the con- 
nexion between the inner frames J J' and the 
bottom bolster is shown. The difference in the dip 
of the two bars forming the frame leaves, when they 
are put together, a clear spece 6 in. deep, and through 
this _ the bolster 12 in, by 6 in. passes, and is 
bolted to the frame by two ?in. bolts. The top and 
bottom bolsters are shown in Figs. 65, 68, 75, 96, &c. 
The latter is 7 ft. 3 in, long by 8 in. by 12 in., the ends 
being cut down for a length of 10% in. toa thickness | 
of 54 in. by 10} in. wide, where it passes under 
the top bar B of the main frame. Against the 
shoulder formed in the top bolster where it is cut 
down, are two abutment plates D'’, shown detached, 
Fig. 81, 16in. long, 3 in. wide, and 1 in. thick, with 
two bolt holes 13 in. apart. Through these pass the 
truss rods D', shown se tely in Fig. 94. They 
are 7 in. in diameter, with a camber ia the centre of 
10§ 1n., and are placed on each side of the top bolster, 
as shown in Fig. 64. Underneath the bolster, and 
in the centre, is placed a blocking-piece, 6 in. wide, 
4 in, —— and 13 in. long, and beneath is a casting 
shown at D"'", Fig. 62, with semicircular recesses 
12 in. apart, in which the truss rods take a bearing. 
A hole 2 in. in diameter is made in the centre of the 
bolster to receive the turning pin H', Fig. 64, and on 
the a is the cast-iron turning plate H, Figs. 64 and 
65, held down by two }-in. bolts placed 244 in. apart, 
As will be seen in Figs. 65 and 75, the underside of 
the bolster, at a point 244 in. on each side of the 
















centre, is cut away to receive the springs. The 
bottom bolster is 7 ft. 3 in. long and 12 in. by 6 in. 
It is placed 52 in. below the upper one, and is bolted | 
near the ends to the inner frame, as already men- | 
tioned, This beam is strengthened by a truss rod | 
E', i in. in diameter, with a camber of 8} in., and 
assing through the centre of the beam, Fig. 96. 
Dnderneath and in the middle is a blocking-piece, 
6 in. by 4 in. by 2} in., with a cast-iron saddle be- 
neath, F'. The rod takes its bearings at the ends 
on cast-iron blocks, as shown. On the top of the 
lower bolster are placed the bearing plates G, Figs. 
60 and 96. The latter is a plan of the arrangement | 
for the front truck, which has only four springs 
instead of six. The spring bearing-plates are here | 
4 in, square with studs beneath, which steady them | 
in their place in the bolster. These plates are dif- 
ferently arranged for the rear truck, the three shoes 
being cast in one piece 11} in. long, 4 in. wide, and 
divided into three compartments 3} in. wide. Two 
steadying studs, § in. in diameter and ¢ in. long, are 
provided for on each plate, which moreover is 
recesssed for half its depth in the bolster, as shown 


























in Fig. 65. The springs are 34 in. long and 3 in, wide, 
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with eight leaves. A detailed drawing of this spring | are shown on the detailed drawin of the ——. 
will be published later. The brake beams are shown Fig. 83 is a detached view of the lever for _ reigh 
in Figs. 69 and 70. The former is the form adopted | tenders, and Fig. 84 for the passenger ten CZ nil 
for passenger tender trucks, and is 68 in. long, 3} in. | form is the same, but the dimensions a slig . y 
deep, and 64 in. wide in the centre ; the latter is for | different. Figs. 76 and 77 are the coupling eg med 
freight tenders, and is 68 in. by 32 in. by 6 in. in | freight and passengers tenders, which connec 


the widest part. The brake-blocks are of the form | levers N N' at the lower end, as shown ate > 
shown in Figs. 59 and 84. The rigging consists of | The ends of this lever are forked, and provi ~ 
the levers N and P, the jaw O, and the adjusting | four }-in. holes, 1% in. apart, by whi the 


bar M. The general arrangement.and connexions ! of the levers N N can be adjusted, The brake jaws 
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O, Figs. 64, 86, and 88, are pinned to the levers 
NN, asshown. One end of the jaw is forked, and 
the other is provided with a bolt gin. in diameter, 
which passes through the brake beam, and is 
attached to it by a nut, The upper end of the lever 
N is placed between the jaws of the bar M, pro- 
vided with hole for adjusting the brake. In Fig. 60 
is shown the position of the brake beam A, and the 
several levers and jaws. The brake blocks are 
formed with holes through them, as shown in Fig. 64, 
through which passes the shackle Q, Figs. 59, 64, 
72. ‘This shackle is 44 in. wide inside, and is made 
of $-in, bar, with an eye forged at the upper end, 
through which a pin passes and connects the shackle 
to the bracket S, shown separately in Fig. 91, as well 
as on the general view. This bracket is simply a #-in. 
plate 44 in. wide, turned over at the tup, a recessed 
into the upper end, and bent round at the bottom 
to form the eye for the pin, which passes through 
and secures the shackle. The brake beam is also 
held up by safety chains R, Fig. 62 and Fig. 90, the 
attachment being by means of an eye bolt, § in. in 
diameter, passing through the beam, and a hook T, 
Fig. 87, bolted to the side of the bolster, as shown 
in Fig. 75. The drawing shows the slight difference 
in the safety chain for the passenger and freight 
tenders. Ihe outer of the two bolts fastening each 
axle-box to the frame B is of the form shown at U, 
Fig. 89, it having an eye at the top for the reception 
of the guard chains. Fig. 59 shows these bolts in 
position, 








Tue Port or MELBoURNE.—At a recent meeting of the 
Melbourne Harbour Trust, it was decided that the engineer 
should prepare the plans and specifications required for 


widening the Yarra to 300ft. from the western end of the 
pro extension of the South Bank wharf down to a 
point opposite the foot of the Australian wharf. It was 


also decided that in view of the rapid silting up of the bay, 
the harbour master should cause soundings to be taken 
showing the changes inthe depth of water in the bay since 
the last survey made by Captain Stanley in 1875, and 
should also report generally on the shoals formed in the 
bay since 1863. 














AMERICAN IRON AND STEEL WORKS.* 
By A. L, Hotiey and Lenox Smita. 
No, X.—THE Works oF THE BETHLEHEM IRON 
Company —(continued). 

The Bessemer Department.—The general arrange- 
ment of this department, together with that of the 
whole plant, has been referredto. Fig. 20 shows a 
ground plan of the “ new mill” which was designed 
to contain two Bessemer pits and the necessary 
cupolas and engines, some open-hearth furnaces, 
two stands of blooming rolls, a 24 in. train 120 ft. 
long for rails and bars, and the furnaces and finish- 
ing apparatus, besides a larger and several smaller 
trains. ‘The engraving shows how much of the plan 
has been carried out. Since the design was com- 
ang the output of the American Bessemer plant 

as been doubled, so that the erection of a second 
pair of vessels in connexion with the Bethlehem 
rolling plant will probably be unnecessary; the 
space reserved for them is advantageously used for 
handling and storing the materials currently used. 

The general principles and features of the 
American Bessemer plant were so fully explained 
in the article about the Vulcan Works that little 
more need be said here. The arrangement of the 
Bethlehem vessels and cranes, while of this usual 
type, differs in details, The platform which sup- 
ports and surrounds the vessels stands upon iron 
columns, and is quite detached from any walls of 
the building and from the apparatus of the sen 
department, so that it is very accessible an 
thoroughly ventilated. The melted pig is brought 
to the vessels in a ladle by a locomotive, and in this 
respect the plant differs from all others in America. 
Fig. 21 shows a side elevation of the platform, 





* In the course of this series of articles, 


uent re- 
ference will necessarily be made to the exhibits i 


various 


steel manufacturers in the United States, at the late 
Centennial Exhibition, some of which exhibits were not 
noticed in the brief review of American Iron and Steel Ex- 
— at Philadelphia which has already appeared in our 
columns. it 





vessels, ladle, &c. The arrangement of the rotating 
cylinder is strong and compact; a section of it 

ough the trunnion is shown at the detached 
fi B on the right of the engraving. A section 
of the air column and trunnion is shown on the left. 
Instead of a pipe entering the trunnion there is 
merely a cap over the end of it forming an air-box, 
also a packing ring around the end of the trunnion, 
This is a very simple apparatus, and it is compact 
and not liable to derangement. 

The chimney K stands upon two iron columns; 
its long hood prevents the necessity of any sheathing 
or curtain in the roof. All that part of the chimney 
K upon which the vessel flame would strike is pro- 
tected by a water-back, made of boiler plates with 
a 4in, water 5 between. Splashes from the 
vessel do not stick to the cooled plates, A water 
supply must of course be maintained, and the out- 
flow pipe must be so applied as to act as a safety 
valve in case the feed should get stopped. The 
ladle A is placed by the locomotive upon the hy- 
draulic lift M, by which it is raised to a point between 
the vessels ; here it is tipped into the breeches spout 
J, which conducts the metal to either vessel. e 
ladle rises as itis tipped, so that the fall of the metal 
is very slight; the ladle also travels towards the 
spout as it tips, so that its lip remains over the 
y oa For these reasons, and because the spout is 
short, the amount of scrap made in the transference 
of the metal to the vessel is very small. There are 
two hydraulic lifts N, one under each vessel, to 
remove and replace bottoms. The tuyere-box 
cover is handled by the crane and differential 
pulley P. 

The form of ladle crane shown by Figs. 22 to 25 
was first used at Bethlehem, and is a great improve- 
ment over previous designs. The mast shown in 
Figs. 25 and 23 supports by means of the hanger a, 
the short jibs 64, The main jib c, together with the 
ladle and its tipping gear de, is moved bodily in a 
radial direction by the hydraulic piston 7. ater 
is admitted to its — by the cock 4 from the 
main cylinder by the pipe g, thus avoiding the 
necessity of an independent and necessarily coupling 
water connexion, ‘The lowering of the crane by the 
filling of the small cylinder is scarcely perceptible, 
The rear of the jib c is prevented from tipping up 
by the rollers &, 

The arrangement of the four cupolas, in the rear 
of the vessels at a, Fig. 20, is compact and con- 


venient, The charging floor and tapping floors 
are between and common to all the cupolas, and 
the ladle when standing underneath the tapping 


floor may receive metal from one or all of the 
cupolas. There is a bydraulic stock lift imme- 
diately in rear of the cupolas, Another novelty of 
importance is the use of Siemens’ open-hearth fur- 
naces cc, Fig. 20, for melting the spiegeleisen. The 
cost of fuel is reduced, but, what is of far greater 
importance, the oxidation of manganese is uniformly 
brought down to a little less than two per cent. 
The loss in the cupola is sometimes as 8 as this, 
but it is often much more, The spiegel as well as 
the metal for blowing is brought to the vessels 
in ladles. In rear of the cupolas there are ample 
space and crane and oven capacity for repairing 
vessel bottoms. 

This arrangement of cupola plant occupies more 
floor space, and requires rather more and longer 
handling of materials than the usual arrangement, 
as illustrated by the Vulcan Works; the cupola 
discharge is upon the main floor instead of out of 
doors, and there are some minor disadvantages, 
But there is also a saving of scrap in transportin 
the melted metal, and with conveniently arrange 
railways, and after the workmen have become ex- 
pert in timing the operations so as to ) gpolges their 
interference, the processes are carried on in this 
plaat with great speed and facility. 

The Bessemer blowing engine is horizontal ; it 
has two 36 in. steam cylinders and two 48 in. air 
cylinders by 5 ft. stroke, This engine is about to 
be compounded by the substitution of a larger _ 
linder for one of the steam cylinders, also the addi- 
tion of a tank, condenser, &c, The cupola blowing 
engine has been successfully compounded in this 
way. It has an 18 in, high-pressure and a 30 in, 
low-pressure cylinder, with a tank between. The 
two blowing Cylinders have 48 in. diameter; the 
stroke is 49 in, 

Practice and Product.—The vessels are lined with 
small blocks of a peculiarly suituble sandstone, 
which does not scale off with the heat, and wears 





much better than any rammed ganister. ‘Lhe blocks 
are set in ganister mortar with joints as close as 
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ible. The central part of a vessel thus lined 

as lasted eleven months, The vessel bottoms have 

rectangular firebrick blocks set as closely as possible 

between the tuyeres, the intermediate spaces being 

rammed with ister. There are 12 tuyeres with 

12 holes of jin. diameter each, A bottom will 
make 100 tons of steel. 

The cupolas are also lined with stone. Two 
cupolas are run ata time and each runs 24 hours. 
Slag is tapped off as the hearth gets full, The slag 
tap is not kept constantly open as in some other 
works, 

The usual rate of running is 18 heats on the 
day turn and 20 on the night turn, the heats aver- 
aging 7 tons of ingots. This is at the rate of 
nearly 80.000 tons a year. In one year the two 
vessels turned out 58,000 tons of ingots. The de- 
lays were not due to any defects in the plant. The 
same year there were made 36,000 tons of steel 
rails and 6000 tons of soft steel blooms. 





THE PARIS EXHIBITION.—No. IV. 

At the commencement of October, 1876, the 
various departments were fully organised ; supple- 
mentary and minor regulations were elaborated, 
and special attention was turned to the annexes 
that will be devoted to agriculture, horticulture, 
and pisciculture, it being intended that at the Exhi- 
bition these sections shall receive a full and very 
complete representation. 

The Agricultural Section, in Group VIIL., Classes 
76 to 84 inclusive, will comprise vegetable pro- 
ducts, useful animals, and insects beneficial or preju- 
dicial to agricultural industry, as well as all materials, 
machinery, instruments, coat &c., employed in agri- 
culture, sylviculture, and pisciculture, and exhibited 
by manufacturers of such objects, The exhibitors of 
agricultural products will have to supply a clear, con- 
cise, and accurate description of each specialty, of its 
importance, the progress it has made, of the pro- 
cesses involved, &c. To this end they will send to 
the Exhibition not only the manufactured product, 
but specimens of the complete plants furnishing it, 
with root stalks, leaves, fruit, &c., complete, in order 
that the exact variety may be ascertained, and the 
manner in which this variety flourishes in a given 
soil, Cereals will.be accompanied with samples, 
well dried, preserved, and sufliciently numerous, to- 
gether with corresponding specimens of the plants 
themselves. Such samples of grain have to be sent 
in sufficient bulk to convey a fair idea of their value. 
To this will be added a memorandum indicating the 
average weight per unit of measure of the product, 
the nature of the soil it was obtained from, the 
aspect and altitude in which it was grown, the times 
of sowing and gathering, the importance of the 
‘oulture, the extent of land devoted to its growth, 
and the average yield per unit of area, 

Wines and fermented liquors will be represented 
by empty bottles bearing proper labels; the real 
objects will be collected in a suitable place, where 
they can be tested and reported on by the judges. 

Animal products will be exhibited in such a way 
as to give the best idea of the agronomic conditions 
of their production, Fleeces will be as far as pos- 
sible shown entire, Particulars will be added to 
each exhibit giving the weight, age, race, &c., of 
the animal producing them, the quantity of wool 
yielded annually, the average production of the 
flocks, the nature of the ground, the extent of 
pusturage, &c, 

Whenever the agricultural or forest industries of 
any country are attacked by any disease, or de- 
structive insect, the nature and mode of propaga- 
tion of the pest, the losses it occasions, and the 
gvod results obtained either by curative or preven- 
tive means, will be recorded. If it is judged ex- 
pedient, in addition to the information thus collected, 
there will be exhibited specimens of the diseased 
plant, parasites, or destructive insects, but every pre- 
caution will be taken to prevent -he spread of the 
evil thus brought under notice. No vines will under 
any circumstances be admitted during the season 
when the phylloxera is in dangerous activity. 

All coliective agricultural or forest exhibits will, 
as far as possible, be supplemented by a memoran. 
dum, indicating the natural, economic, and agro- 
nomic conditions connected with them ; the methods 
and processes employed ; the results and their im- 
portance obtained, The products of the forest will 
comprise: 1. Well-selected specimens of wood large 
and numerous enough to afford means of judging 
of them, for example, complete or sawed trunks, 
cabinet woods, timber for constructive purposes, 








fuel, &c. 2. Products furnished by forest industry, 
such as charcoal, potash, acids, tar, &c. Barks used 
in dyeing, tanning, or medicine, and wood suitable 
for paper, or fabrics. 3. Other forest products, 
useful plants, ins, lichens, &c, It is hoped that 
as complete collections as possible of the products 
of forests situated in countries not thoroughly 
known or examined will be obtained. Memoranda 
will be appended to all specimens giving their 
scientific as well as their familiar titles. To 
them will be added statistics of the approxi- 
mate industrial value of the products, their 
abundance, value, and means of transport from the 
place where they are produced, As far as pos- 
sible all tools and instruments employed in 
forestry will be represented. Tropical countries 
and colonies, and the various European states, are 
invited to send collections as complete as possible, 
with the necessary information, and all agricultural 
and kindred societies are also invited to exhibit 
collectively. Industries depending upon agricultural 
roduce, such as breweries, distilleries, sugar 
factories, &c., will be represented in Group VIIL., 
with the exhibits on which they are dependent, so 
far assuch a connexion will serve to illustrate or ad- 
vance agricultural industry. In such cases, well- 
selected specimens and memoranda will illustrate 
the bearing that such an industry has upon agri- 
culture, and will convey the latest information upon 
the best utilisation of the raw materials and refuse 
of manufacture, the cost and extent of labour em- 
ployed, &c. 
esides the conditions fixed by the general pro- 
pramme, arrangements will be made for a series of 
trials of agricultural machines and implements, the 
results of which will assist the judges in making the 
awards, These trials will take place in the follow- 
ing order: 1. Machines and implements employed 
in cultivating and preparing the ground, such as 
ploughs, hoes, scarifiers, rollers, 2. Machines for 
sowing and manuring. 3. Implements for hay 
culture. 4. Implements for cereal cultivation. 5. 
Appliances for storing hay, cereals, and roots, and 
apparatus for preparing food for animals. 

The first two series will take place in May, the 
third and fourth in June and July, and the fifth in 
August. Arrangements will be made to have all 
these trials as extended and complete as possible, 
with the view of arriving at the real useful effect of 
each, The prices marked in the catalogue or on the 
machines will in all cases be regarded as the actual 
selling price. 

The Horticultural Section will be one of much 
importance, and will comprise not only the plants 
exhibited, but all horticultural buildings and 
appliances, means of heating, ventilation, &c. Space 
for conservatories is secured to those exhibitors who 
are prepared to leave their collections on view during 
the whole period of the Exhibition, it being a con- 
dition that all open-air — must be completed 
before the 15th of March next, and all glass-houses 
stocked six weeks earlier, The International 
Horticultural Exhibition will be a permanent one. 
A garden within the boundary of the Champ de 
Mars will be specially set aside for this purpose, and 
it will contain hot-houses, conservatories, tents, and 
spaces for open-air plants, A series of twelve special 
horticultural exhibitions will be held during the six 
months, at intervals of two weeks, Exhibitors of 
conservatories have to supply the General Com- 
mission with drawings and particulars of the build- 
ing they propose to erect, and the Commission 
provides foundation and other stonework. Such of 
these buildings as are to be heated artificially will 
have to be completed upon the lst of February, 1878. 
Exhibitors of heating apparatus have also to furnish 
plans of their exhibits, and be prepared to erect 
them by the Ist of February. All installations will 
haveto be completed a month later, when preliminary 
trials will be made, to ascertain if everything is in 
proper order. 

The exhibition of domestic animals will be of a 
very extensive nature, and will comprise collections 
of specimens from all parts of Europe. 

Pisciculture will also form a leading feature both 
in the Trocadéro and the Champ de Mars, and we 
may devote some space to noticing the arrangements 
for this section. It will form Class 84 of Group VIIL., 
and comprise: 1. The products of the fresh and salt 
waterfaunaand flora; animals, fish, insects, molluscs, 
sponges, vegetation, &c., illustrated by living speci- 
mens, 2. Land animals and vegetables related to 


the culture of seas and rivers. 3. Materials em- 
emg is pisciculture. 4, Fertilisers produced from 
shes or weeds. Fresh and sea water will be 








furnished gratuitously, the former in unlimited 
quantities, the latter in as liberal a manner as 
possible, Exhibitors will give as fully as they can 
clear and precise memoranda of their special in- 
dustry. Thus they should describe the processes 
they employ, the mode of carrying on the fishery, 
the preparation, preservation, and mode of trans- 

rting the finished products. To illustrate this 
information the will supply cimens in the 
various stages of preparation. hey will also give 
the detailed costs of working the extent of their in- 
dustry, the selling prices at the places of produc. 
tion, the cost of transport, and the selling prices at 
some of the chief centres of commerce. Fish breed- 
ing and various apparatus for this ose will be 
largely exhibited, as well as all the implements em- 
ployed in the fishing industries. 

A decree of the 6th of March last instituted a 
special exhibit of French mineral waters. This 
exhibit will comprise: 1. A geological map of France, 
on which will be shown, by conventional signs, all 
the various groups of mineral springs. This will 
be supplemented by other maps of Algeria and 
Corsica. Beside them will be shown plans, section 
and relief models, illustrating the principal features 
of the springs, the strata through which they flow, 
&c. 2. Maps and topographical plans, and when 
possible geological sections, in which the springs 
will be marked according to their department, 
group, or station, following an arrangement desired . 
by the Departmental Committee, and accompanied 
by a model in relief. Samples of the waters and 
specimens of the rocks from which they spring, the 
soil near the outflow, the natural products of the 
waters (deposits, incrustations, efflorescence, petri- 
faction, &c.) 4. Drawings and models of baths, 
thermal establishments, with details of their arrange- 
ment, management, &c. 5. Photographs of the 
wells and surrounding localities ; and 6, publica- 
tions relating to the various waters, their origin, 
specialities, and efficacy. 

With respect to the classification of the mineral 
waters the Commission specially appointed adopted 
that of the Commission de l’Annuaire des Eaux 
Minérales, which includes six main divisions, as 
follows: The different colours will be the con- 
ventional tints employed on the maps and sections. 
1. Blue, alkaline. 2. Green, sulphurous. 3. Uchre, 
ferruginous, 4. Yellow, arsenica'. 5. Red, saline. 
6. Orange, aérated. The various subdivisions of 
the main groups will be indicated by flat washes or 
hatchings of the respective conventional colours. 

An exhibition will be made of the salient features 
of French commerce, showing under their dif- 
ferent aspects the resources and transactions of 
the principal seaports, A special Commission for 
this purpose was appointed. As regards each port 
and town, the general and detailed plans, drawings 
of docks, basins, harbours, quays, lighthouses, sea 
walls, defence works, &c., will be collected, with 
full data of the draught of water, register of tides, 
sete winds, rainfall, and similar information, 

tatistics will also be supplied on the facilities 
for embarking merchandise and the actual means in 
‘use for this purpose, particulars of the pilot service, 
price of transport and hand labour at the port, 
freights, and ruling tariffs. Special maps and data 
will also be furnished of the means of access between 
the port and the surrounding districts, the means 
of transport available, cost of same by road, rail- 
way, or water. 

Supplementary to this exhibit, the various 
Chambers of Commerce will each prepare two com- 
plete collections of specimens of the various mer- 
chandise passing through the port under their 
control. One of these collections will comprise 
export and the other import goods, This collection 
will be of interest from forming as it were the raw 
material of transport and merchant industry, and 
the visitor will ascertain almost at a glance the ex- 
isting distribution of goods which rules the French 
export and import trades. Finally, to complete this 
very original feature of the Exhibition, tables of 
statistics will be furnished, and maps not only of 
the roads, railways, and internal navigation of 
Frahce, but also of the great highways of the world 
which converge at the ports around her shores. 


Works were idle throughout 
, when portions of the 
i hited. At the new pits, a 
. E. Thomas and a few 





TREDEGAR.—The 
last week, and up to Wi 
puddling and rail mills were 
new drift is being driven by 
others. At Sirhowy, rumour — another furnace 
will be blown in shortly. The colliers are working every 
alternate day. The reduction in the iron making depart- 
ment amounts to 10 per cent., and in some instances to & 
trifle over that figure. 
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ELECTRIC ILLUMINATION. 

WE have pleasure in publishing below a report 
of Professor Tyndall addressed to the Trinity 
Board, upon the experiments recently carried out 
to ascertain the relative values of different apparatus 
for producing intense light, We have considered 
these experiments and the results obtained from 
them on another page. 

Royal Institution, November 27, 1876. 

Srr,—I beg to inform you that on the 21st of this month 
I had the honour of accompanying to Dover the Deputy-, 
Master and a Committee of the Elder Brethren of the 
Trinity House, with a view to observing from the sea the 
comparative action of the magneto-electric machines now 
mounted at the South Foreland. 

The machines experimented on were the following : 

1. Holmes’ machines, which have been already established 
for some years at the South Foreland. 

2. Gramme’s machine. 

3. Two Gramme’s machines coupled together. 
4. Siemens’ large machine. 
5. Siemens’ small machine. 


TABLE SHOWING THE COST, a Y, 


HINES, TRIED AT THE SOUTH FOREBGAND 


Siemens ; for, whereas the == of his large machine is 
2651., the price of the two Gramme machines, producing 
the same light, is, as Mr. Douglass informs me, l. 

The Gramme’s machines ce aye in these experiments 
were constructed in the workshops of Mr. Robert Sabine. 
The French constructors of these machines have, I believe, 
found it difficult to send the currents from two of them 
through the self-same lamp. This diffi 









that, so far ashe knew, no experiment hat yy, peee 





made with the two machines acting . He pro- 
mised, however, to clear up this point by ing to his 
brother in Berlin; and as soon as his answer ies me, 
it shall be communicated to the Elder Brethren,> > 
The heating of the coils by the induced nts is a 
point still to be determined, by subjecting the to 


culty was success- 


fully overcome by Mr. Ross, the agent of . Sabine, at. | 
the South Foreland. The augmentation of light’ by the 
—s together of the two Grammes was iain 
the union of two small Siemens i 

duce an augmentation of the light similar to 

from the union of two Grammes, the emplo} of two 
such small machines would be extremely and eco- 
nomical. With a view to obtaining info: on this 
head, I called upon Mr. Carl Siemens, and l him 


the positive carbon. The concave surface of this crater is 
the place of most vivid incandescence, and it is easy to see 
that the radiation from that surface, when the positive 
carbon is the higher one, as it is in the arrangement at the 
South Foreland, would be directed to the earth. To 
t) this inconvenience, the negative carbon is usually 
somewhat displaced, so as to cause the most vivid incan- 
descence to occur on one side of the positive carbon. The 
BSc ngrectiy anguentel redistion Ber tus nediass 
a greatly augmen’ iation. But the radi 

i. thus comaniies x 

other, which 

bie 

@ portion o 

advantage arises 


on one side is withdrawn from 

would be inadmissible if a whole circle 

illuminated. In most cases, however, 

entire circle is required ; and no dis- 

rs from the weakening of the landward 
m 


If no valid mechanical grounds oppose the alteration, it 


would, I think, be a decided advantage to make the lower 
carbon the B apron. one. Its up radiation would be 
utilised by the prisms tc a far ter extent than 
its downward ion is now utilised by the lower ones. 
It is pro a month’s trial be given to the 


ih Foreland. I would add, that the 





f= a pea at the 
would be rendered complete by observing the light in 
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WEIGHT, HORSE POWER ABSORBED, AND LIGHT PRODUCED BY THE DYNAMO-ELECTRIC 
























































Phen, ae : 
i: re See Ligh t produced 
| oa cts _ Light produced | per Horse-Power 
DIMENSIONS. . | Horse }-Revo- | im Da ag in ‘ey 
lutions es. es. : 
Names oF MAcHINEs. Weights. — . iP i Fn. hed ae Al 
“) Co Con 
n- . “ F 
3 Diffused Diffused 
Length. | Breadth. | Height. eg ee sensed tag 
. ft. in. ft. in. ft. in. tons. cwt. - lb. a 
Holmes aco sont OL 4 4 5 2 211 7 3.2 400 1,528 | 1523 476 476 # by VI. 
Alliance _... si ; 4 4 4 6 4 10 116 1 2 3.6 400 1,958 | 1953 543 543 *” V. 
Gramme (No. 1) ... ee ae Be 4 1 ho ® 5.8 420 6,663 | 4016 1257 758 » IV. 
Gramme (No. 2 2 7 2 7 4 1 1 5 2 OO} 5.74] 420 6.068 » 4016 |. 1257 758 » IV. 
Siemens (Large) ... <a « 3 9 2 5 1 2 0ill 2 18 9.8 480 14,8 8932 1512 911 # 99 ft Il. 
Siemens (Small, No. 58)... a a's 0 10 BS Se ee 3.5- 850 5,539 | 3389 1582 954 7 II. 
Siemens (Small, No. 68) .. ee 2 5 0 10 03 3 90 3.3 850 6,864 | 4138 2080 1254 owt I. 
2 Holmes ... an Si 9 10 4 4 5 2 5 2 2 14 6.5 400 2,811 2811 1088 432 ro 
2 Gramme... i ” sae 3° eS 4 1 211 0 OO} 105 420 11,896 | 6869 ‘ 654 i 9 if 
2 Siemens (Small, Nos. 58 and 68) owl 4 4 2 5 0 10 . 2 ee 6.6 850 14,134 | 8520 2141 1291 vl 
Observations Afloat.—The Corporation’s steamer Ga- | long continued action. So far as I can judge from the} all attainable azimuths, both when the carbons are in the 


latea was employed in these observations, the position first 
chosen being not far from the Varne Light, and ata dis- 
tance of 11} miles from the lighthouses on the Foreland. 
Oliservations were subsequently made at various other 
distances. 

In the first place, the new machines sending their cur- 
rents to the low eager were com in succession 
with Holmes’ machine, which produced its light in the 
high lighthouse. Subsequently the new machines were 
pitted in pairs against each other—one of the two being in 
the high and the other in the low lighthouse. Care was 
taken in each instance to reverse their positions. Thus, 
whenever Siemens below was compared with Gramme 
above, the observation was immediately followed by a 
comparison of Siemens above with Gramme below, and so 
of the others. All irregularities arising from differences 
in the apparatus employed above and below were thus 
eliminated. 

Briefly expressed, the following are the results of our 
observations on the nights of the 2lst and 22nd of 
November : 

1. The new machines mark a great advance, both in 
economy and power, as regards the application of the 
electric light to lighthouse purposes. 

Thus, the machine of Holmes, which reflects great credit 

upon its maker, was found practically eq y a single 
machine of Gramme, of considerably less volume, and con- 
siderably smaller cost. 
_ This discrepancy as to cost and volume was still greater 
in the case of the small Siemens machine, which yielded a 
light sensibly equal to that of Holmes’. I am not sure 
that this equality exists in all azimuths; for it was only 
towards the end of the observations that I learned that 
directions had been given to place the carbons of Gramme 
and Siemens ‘in their best position.”” The section of this 
report headed ‘‘ Observations ashore,’ will throw more 
light upon this point. The size and expense of the small 
Siemens machine are only fractions of those of Gramme, 
while the size and expense of Gramme are only fractions 
of those of Holmes. I was verbally informed by Mr. 
Douglass that the relative cost of the small Siemens and 
the Holmes is as one to ten, the price of the former being 
75l., while the price of the latter is 7500. 

2. The comparative merit of the’single Gramme and the 
small Siemens is indicated in the ay oy paragraphs. 
They are sensibl nal to each other, both of them pro- 
ducing an exceeding y fine light. 

I was particularly impressed by the performance of the 
small machine of Si Its power, in relation to its 
size, 1s surprising. 

3. The e machine of Siemens, however, greatly 
transcends both his small machine and the single machine 
of Gramme. The Elder Brethren may accept, as closely 
approximating to the truth, the statement that the large 
machine of Siemens is sensibly equal to the two Gramme’s 
machines coupled together. 

The — from the large Siemens, as also that from the 
two coupled Grammes, is of extraordinary splendour. 

In point of cost, however, the advantage rests with 





experiments at the South Foreland, the heat developed in 
Gramme’s machine is certain to be of no account, while in 
the machines of Siemens it is unlikely to be injurious. 

In recording the observations made on the 21st and 22nd, 
numerical values, as the Committee are aware, were as- 
signed to the different lights. I have not thought it 
necessary to introduce such numbers here. They constitute 
a concise and convenient mode of recording equalities and 
differences ; but regarded ee: they would, in 
my opinion, be but poor approximations to the truth. The 
time for numbers will arrive when the contemplated photo- 
metric comparison of the lights has been executed. 

Siemens’ and Gramme’s inventions heceseg rs A place at 
the disposal of the Elder Brethren electric lights of sur- 

ing energy. Combining either the machine of 
Siemens, the two Gramme’s machines, or if practicable, 
the two small machines of Siemens, with one of the group- 
flashing dioptric apparatuses which have been recently de- 
vised by Dr. Hopkinson, a light transcending in power and 
individuality all other lights now existing would probably 
be obtained. Such a light would displace with enormous 
advantage to the mariner the two lights hitherto ~—— ed 
at the Lizard. A fixed light, even should it be the electric 
light, at a distance is not to be distinguished from a ship 
light or an ordinary shore light near at hand. few 
evenings ago, for example, I was unable to distinguish one 
of the Foreland lights from the light of a lantern on the 
beach at Dungeness. Distinctiveness is sure to be more 
and more insisted on, as an essential feature of the lights 
of the future. It would not, therefore, in my opinion, be 
a wise application of the extraordinary means of illumina- 
tion now at our disposal to cony old arrangement at 
the Li , by.placing there two fixed electric lights, instead 
of the more powerful, more distinctive, and less expensive 
group-flashing light to which I have above referred.* 

Observations Ashore.—On the 22nd of November, we 
visited the South Foreland, inspected the arrangement of 
the machines, and observed their light-producing power 
close at hand. Here the only points I have to submit to 
the Elder Brethren are the following : 

both Siemens’ and Gramme’s machines the induced 
currents are sent in a constant direction. One of the 
carbons is always positive, the other always negative— 
not alternately negative and positive as in the machine of 
Holmes. The positive carbon is heated more intensely, 
and it wastes more rapidly than the negative one; its 
shape, moreover, is a point of some practical importance. 
From the positive to the negative carbon there is a transfer 
of particles which usually produces a crater-like hollow in 





* The character of the light to be exhibited when the 
electric system should be introduced at the Lizard had 
been discussed and determined in 1874-5, and the lanterns, 
optical apparatus, and other costly items of the new outfit, 
were already completed when this report was received. 
The Board, however, brought the question again under 
review, in connexion with the above observations, and in 
the result confirmed their resolution to retain the distinc- 





tive character now belonging to the lights at Lizard. 





same vertical plane, and when the negative carbon is dis- 


p so as to give a preponderant outflow of light ina 
special direction. 4 
‘ : ” I have the honour to be, &e., 
Mr. Robin Allen. OHN TYNDALL. 


We must defer the publication of Mr. Douglass's 
interesting and exhaustive report on the same sub- 
ject till next week. 


NOTES FROM THE SOUTH-WEST. 

New Dock at Neath.—It is intended to construct a dock 
1} miles long and 300 ft. wide, with depth of water suffi- 
cient for vessels of large at Neath. The first sod 
is to be cut towards the close of this month. 


South Wales Coal and Iron Ezports.—The shipments 
of coal from South Welsh ports in. September were not 
large. The price of coal was very low, but the demand 
has fallen off and the oy ery month from Cardiff 
were only 299,119 tons to foreign parts, as compared with 
316,119 tons for September; 1876. The shipments of coal 
from iff in September: were also considerably below 
those for August, 1877. From Newport the quantit; 
shi last month was 42,115 tons, as compared wit: 
50,333 tons in mber, 1876. From Swansea the quan- 
tity shipped was 52,269 tons, as compared with 47,846 tons 
in September, 1876. The demand for iron from Cardiff 
appears to have been brisk of late. During the past 
month 9020 tons of railway iron were shipped from Cardiff 
to foreign M <soaeg from Newport, 3507 tons; and from 
Swansea 142 tons. 

Swansea Harbour Trust.—At the last meeting of the 
Swansea Harbour Trust, it was officially reported that the 
amount of revenue received in ber was 23841., or 
7171. more than in September, 1876. Mr. Livingstone said 





-that some time since he stated his imtention to bring 


forward the question of extending the South Dock sea- 
ward. He thought now that the trustees ought to concen- 
trate their whole energies on new docks. 


Blaenavon.—One of the old furnaces at the iron and 
steel works having been enlarged it was blown in on 
Thursday, and it will be used tor the production of cold 
blast iron. There are now five furnaces in full operation at 
these works. 

Nantyglo and Blaina Ironworks Company (Limited). 
—It iss that proceedings threatened against the pro- 
moters (Messrs. Carlton Grant) and other gentlemen 
forming the original board of directors, have as regards the 
greater portion of the gentlemen concerned been stayed, 
satisfactory terms having been 

Merthyr.—At Dowlais slackness still prevails, and some 
more hands have, it is said, been disc ed from the new 
works. The old works are going on satisfactorily. The 
1200 or 1300 hands employed at the Oyfarthfa collieries 
have been working fair time of late, considering the existing 
depression. 
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CONTRACTOR'S PORTABLE HOIST. 
CONSTRUCTED BY MESSRS. CHAPMAN AND SUTTON, ENGINEERS, LONDON. 


a) 


3 fT 











Ws illustrate above, by a perspective view, a new type 
of contractor’s portable engine and hoist, constructed by 
Messrs. Chapman and Sutton, of the Vulcan Iron Works, 
Limehouse, It consists of a cast-iron frame and water 
tank, mounted on four wheels for convenience of trans- 
port, and for shifting from place to place on the work 
upon which it is employed. The boiler is vertical, 
4 ft. Zin. in diameter, 7 ft. 6 in. high, and fitted with two 
cross tubes 10 in. in diameter, and thirty-four hanging 
tubes 24 in. in diameter. The engine is horizontal, with a 
cylinder 10} in. in diameter, and 14in. stroke. Two hoists 
are placed upon the frame, but these can be removed at 
pleasure. They are driven from the engine by bevel gear, 
and are thrown into action by means of an eccentric 
connected to levers, from which a starting rope can be 
led off to any desired position, so that the man receiving 
the load from the hoist has the latter under control, 
although not near the machine. It will also be seen that 
the engine is adapted for general work, and those now in 
use by Messrs. Sutton and Dudley, contractors, of New 
Kent-road, are driving, besides the hoist, two mortar 
mills 7 ft. in diameter, and a 36 in. circular saw. 





THE PROTECTION OF METALS BY 
OXIDES 


On the Protection from Atmospheric Action which is 
imparted to Metals by a Coating of certain of their 
own Owides, respectively.* 

By Joun Percy, M.D., F.R.S. 

THERE appeared in the Times of March 6th, 1877, an 
announcement in glowing language of an all iscovery 
of Professor Barff, by which iron might be effectually pre- 
vented from rusting, and, ‘‘ however much exposed to 
weather, or corrosive vapours, or liquids,’’ might be 
rendered ‘* practically indestructible and everlasting.” 
The ists in exposing iron to the action of 
superheated steam, whereby it requires a tenaciously ad- 
herent coating of one of its own oxides, viz., magnetic 
oxide, which it is asserted protects the underlying metal 
not only from atmospheric oxidation, but also from that 
of corrosive re-agents. The fact that magnetic oxide 
would be formed under those conditions was known to 
every chemist, notwithstanding the statement of the writer 
of the article in'the Times, that it was discovered by Pro- 
fessor Barff. That iron upon the surface of which 
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a coating of magnetic oxide has been formed by the 
joint action of heat and atmospheric air is preserved 
in a greater or less degree from rusting, is a fact 
well known, I should suppose, to ev member of the 
Institute before the announcement of Professor Barff’s 
discovery ; and, perhaps, the most striking example that 
can be adduced in proof of such protective action is afforded 
by a variety of Russian sheet iron. In a pamphlet which 
I published in 1871, I described the special character of this 
sheet iron, and communicated such information as I had 
been able to procure concerning its manufacture. The 
following is a quotation from mm my het : “‘ A particular 
kind of sheet iron is manufactu: in Russia, which, so far 
as I know, has not been produced elsewhere. It is remark- 
able for its smooth, glossy surface, which is dark metallic 
wy es not bluish grey, like that of common sheet iron. 
nm bending it backwards and forwards with the fingers, no 
scale is separated, as is the case with sheet iron manufac- 
tured in the ordinary way by rolling; but on folding it 
closely, as though it were peper, and unfolding it, small 
scales are detached along the line of the fold. . This 
sheet iron is in considerable demand in Russia for roofing, 
and in the United States, where it is largely used in the 
construction of stoves and for encasing locomotive 
engines.”’ 
ow, from the circumstance of its being applied to the 
purposes just mentioned, especially roo’ in such a 
climate as that of Russia, it may be infe that it must 
be much less liable to rust than ordinary sheet-iron ; and 
of the correctness of that inference I have ‘had personal 
experience. In 1846, I constructed, of this Russian sheet 
iron, a gas combustion furnace for o: ic analysis, which 
I exhibited to the meeting of the British Association, at 
Southampton, in the same year. Ever since that period 
the furnace has been exposed to the atmosphere, some- 
times to that of a laboratory, and yet it presents only here 
and there small spots of rust. er specimens of similar 
sheet-iron, which I have had in my possession for fifteen 
years and upwards, remain free from rust, notwithstand- 
that they have also been freely exposed to the atmo- 


sphere. 

The metal used for the sheet-iron in question is made 
| from pig iron, either in a charcoal finery, or the puddling 

furnace: but, according to one account, only in the former. 
| The pig iron is uced by smelting ite, spathic 
iron ore, and and brown hematite, with charcoal and 
cold blast. For a detailed account of the process of manu- 
facture, I must refer the members of the titute to the 
pamphlet which I have mentioned; but there is one 
| invite their attention, and which 
| is conducted as f : The rolled sheets are sheared to 
| the dimensions of 28 in. by 56 in. ; and each sheared sheet 











is brushed all over with a mixture of birch charcoal powder 
and water, andthen dried. The sheets so coated, with a 
thin layer of charcoal powder, are in packets, 
containing from 70 to 100 sheets each ; and each packet is 
bound up in waste sheets, of which two are placed at the 
top, and two at the bottom. A single —— at a time is 
re-heated, with logs of wood 7 ft. long p round it, and, 
for this ose, a furnace of particular construction is 
pos mall which will be found fully described and illus- 
trated in the pamphlet referred to, and a copy of which I 
herewith tr t. It ists of a reheating chamber 
above, and a fireplace below, the two being separated by a 
floor containing holes, through which the gaseous products 
of combustion from the fireplace pass into the upper 
chamber. The object, it is stated, of the 1 of w 

is to prevent, as far as possible, the presence of free oxygen 
in the re-heating chamber. The packet is thus slowly 
heated for five or six hours, after which it is withdrawn 
and hammered. Now, during a considerable portion of 
this period, steam would continue to be evolved from the 
logs, and it becomes a question, whether that steam may 
not be instrumental in forming a superficial coating of 
magnetic oxide of iron on the sheets of the packet. But it 
was not until I had read the account of Dr. Barff’s process 
that this notion occurred to me. If it should prove to be 
well founded, then another would be added to the many 
remarkable instances in metallurgy of practices having 
been introduced, and long carried on, without even a sus- 
picion of the scientific principles which they involve. 

Assuming the correctness of what has been asserted con- 
cerning the action of a coating of magnetic oxide of iron in 
preserving iron from rusting, it seems extremely probable 
that such action is due in great measure, if not wholly, to 
a peculiar physical state of the oxide. One condition is 
also essential, namely, the perfect continuity of the coating ; 
for I have observed that when an article which had been 
coated by Professor Barff himself, and from which the 
oxide been expressly removed in one or two places, was 
exposed to the joint action of air and water, especially salt 
water, rusting speedily took place at the denuded places, 
and proceeded with rapidity; but whether more rapidly 
than in the case of ordinary sheet iron, exposed to similar 
conditions, I cannot state, as no comparative ——— 
were made. R.." however, is a point which deserve 
particular attention. 

I trust that, in submitting the foregoing remarks to the 
meeting of the Institute, a desire to disparage Professor 
Barff’s application will not be imputed to me. So far from 
having any such desire, I have ge mg in exp my 
opinion that great credit is due to the professor, both for 
the originality of his proposal and for the manner in which 
he has experimentally investigated the subject. 
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THE PENNSYLVANIA RAILROAD; DETAILS OF STANDARD TRUCK FOR TENDERS. 
(For Description, see Page 299.) 
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The next example which I have to submit tothe Institute | The last example of the action in putin which I shall ab Chesterfield, and is also in view of the Midland line ot 
of the protection from atmospheric action afforded to a | mention, is afforded by lead. In the collection of the | railway, one the opt engineer’s best pieces of work. 
metal by a coating of its own oxide is copper, and it isa | Museum of Practical Geology, in London, is a number of | When it had been itely decided to build a hall for the 
very striking one. For more than a century, European | very thin sheets of lead, coated with bands of varied and accommodation of the Institute, and other local bodies, the 
metallurgists have been familiar with small thin bars of cast | extremely bright colours. Although the atmosphere has | choice of a title for it came under consideration, but it was 
copper, of Japanese manufacture, which present a beautiful | had free access to these sheets for about thirty years, the | quickly decided to call it the Stephenson Memorial Hall, 
rose-coloured tint, due to an extremely thin and pertina- | colours are as intense and as ~— as they were at first. | out of —- for the memory of the man who had 
ciously adherent film of red oxide of copper, or cuprous | The sheets were prepared at Mr. Beaumont’s smelting | honoured town by his residence and death within its 
oxide. This tint, according to my experience, is not in | works, by dexterously skimming in the process of desil- | boundaries, and to whom is owing the inauguration of that 
the least degree affected by free exposure of the bars | verising lead by Pattinson’s most original and beautiful | railway system of locomotion which has since a’ such 
to the atmosphere. I have had such bars in my possession | process, and were presented to the museum by Mr. Sop- | mighty proportions. The people of the town bear the 
for more than <n f years, and, although y have | with, at that time general manager of Mr. umont’s cognate for Stephenson and associations, and 
been freely exposed to the atmosphere during the | mining and smelting establichments. The colours are | his remains lie within the Trinity churchyard of their town. 
whole of that period, yet they have not undergone the | certainly caused by excessively thin films of oxide lead of | Many of the older inhabitants remember Stephenson, 
least change in appearance ; they remain as bright and as | various thicknesses. some of them tell anecdotes relative to some of his pecu 
beautifully coloured as they were when I received them. liarities. Mr. Charles Binns, for iategee, Se well-known 
Now, as every one knows, when a piece of ordinary copper manager of the great Clay Croes Iron Works and rem epee 
is exposed to the atmosphere it speedily acquires ‘a dark-| ‘THE STEPHENSON MEMORIAL HALL. recounts that Stephenson was a man of large ideas, 
coloured tarnish. Hence the conclusion that there is some | On Wednesday afternoon the foundation stone of the new | that J ever put anything before him which was not 
peculiarity on the surface of the Japanese copper which | Stephenson Memorial Hall was laid at Chesterfield by the | clear, whether scientific or natural, but he kept in mind and 
protects the underlying metal from atmospheric action ; | Marquis of Hartington, whose brother, Lord Edward Caven- | worked it out to what he took to be a satisfactory result. 
and that peculiarit , it may be demonstrated, is the | dish, is President of the Chesterfield and Derbyshire Institute | ‘‘ He was also,” says Mr. Binns, “very deeply attached 
presence of a film of cuprous oxide, in a a 5 hysical | of Civil, Mining, and Mechanical Engineers, which has been to pet animals, amongst which were rabbits and a 
state, which acts like varnish. The of Japanese | the means of having the project put in hand. The subject ~~ , He was also fond of bees, and would, with “4 
copper are actually cast under water, the metal and the | of erecting such a hall was mentioned as far back as seven | wife ‘ Betty, c* the hives, and would, w wate: 
water, previously heated to a certain degree, being poured | years ago by the Council of the Institute, which has “2% ing them, poke 
rd aaa tees mates. . Pa hove mages g go eee now been hepa oat place of —t of its own. - _ 
“ ie whl publi in 1861, an ve recently | matter was at that time broac @ managers e ss [ 
shtained additional information on the subject from my | Mechanics’ Institute, and it was mutually agreed to act in | M line, the construction of which was the cause of 
riends, Messrs. Tookey and Godfrey, who have witnessed | concert as soon as time and opportunity should serve. | Stephenson taking up his residence at Chesterfield. 


this singular process of casting in J apan. I have also suc- | Neither the one nor the other soon came, for the attention ject was originally started by Stephenson himself, who 
ceeded in thus casting copper under water. It would be | of local le was for a long time taken up by the erection Nested to have a line, 72 miles from Derby to Leeds, 
out of place, on the present occasion, to describe the | of senna waited hospital snl cher pressi matters. | but it was owing to the capital found ey Mr. G. pag 4 


B 
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Process in detail. All that need be further stated is, that | But the Institute never lost sight of the end it had in view, | the London banker, Mr. Kirkman 

when copper is so cast, under — a = tem- | and the subject was Bae invariably referred to at — pm a the oe, England, Mr. bs 

perature, acquires a coa' cuprous oxide which acts | succeeding meeting of the members. Presently the scheme | an r. Josiah Lewis of Derby, that scheme was 
in the manner described. The temperature is such that | advanced so far that the Corporation of Chesterfield offered | pushed forward to a yr realisation. In laying out 


so-called spheroidal action of water comes into play, and | to provide a site gratuitously, but the offer was, un- | the route Stephenson choose between two courses— 
the metal flows tranquilly under the water. The raperfcil fortanately, without any solid ing” at the time it either to take the series of valleys, —— flowed 
which ans Probably due to the action of a film of steam | was made. In 1874, however, it was ined to select | the rivers Derwent, Amber, Rother, Don, Calder, 


under these conditions ; and when co is heated to cceeding year the plan began to assume some coherence, 

temperature in steam, the latter, on chow by Baguenl and an eryeuiosd oubserigtion was enrzied ouk. Then asite | ley, and the other large towns en route. 

an ee is decomposed with the evolution of hydrogen | was obtained and paid for. It is in view of Tapton House | course was by far the easier and , 
formation of cuprous oxide. where George Stephenson lived during his period of residence | therefore 8a t it would develop 


is reason to believe surrounds the copper designs for the proposed building, and during that and the | and Aire—or to go & little fer ae and fm, Bare 
it’s 
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immense mineral traffic, and that the towns must be con- 
tent with branch lines. The bill for the new line, then 
called the North Midland, passed after os a 
in 1836, and the line itself was at once put in and so 
i usly pushed forward that it was ayy on May 11th, 
1840, havin cost about 3,000,000/. In its course are in- 
cluded two hundred bridges and seven tunnels, the longest 
of the latter being that at Clay Cross. The gradient 
nowhere exceeds 1 in 330, or 10ft. in a mile, except for a 
short distance south of the tunnel just named, it being one 
of Stephenson’s maxims that no gradient ona mineral line 
sh exceed this. That he made a mistake in not select- 
ing the other route has since been shown by the fact that 
the Midland Company has had to construct a line from 
Chesterfield to Masborough, through Sheffield, in order 
to develop the great traffic from that town, and has made 
the old North Midland between those points a loop line 
only. To recount even a few of Stephenson’s great 
undertakings would, however, be out of place here, so that 
we revert to the matter which is the special subject of this 
notice. In doing this we may say that of the whole sum 
(about 13.0001.) required to defray the cost of the hall, 
76001. had been subscribed up to March last, it being pro- 
osed to borrow part (4000/.) of the deficiency from the 
heffield Banking Company, and to raise the remainder b 
further volantary subscriptions. The building itself w 
be Gothic in style, and will be in accordance with the 
plans of Messrs. Smith and Woodhouse, architects, Man- 
chester. It will contain various rooms for science and art 
classes in connexion with the university extension scheme ; 
a free library and reading-room, a small lecture-room, and, 
as its main feature, a public hall capable of seating 1000 
person’. The contract for the works has been let to Messrs. 
Chadwick and Company, of Masborough, for 85821. 

The ceremony of laying the foundation stone on Wed- 
nesday attracted t numbers of persons to the town, 
which was en féte for the day. Numbers of strangers came 
in from the surroundi istrict, and many persons also 
came from long distances in order to be present. The church 
bells rang throughout the day and business was totally sus- 
pended in the afternoon. The Marquis of Hartington, 
whose seat (Hardwicke Hall) is within a distance of six miles 
drove into the town about noon in company with Lord 
Edward and Lady Cavendish, and shortly after one o’clock 
a Grand Lodge of Freemasons was held in one of the 
rooms of the East Derbyshire Club in Saltergate, at which 
meeting the marquis officia as Grand Master. Soon 
after two o'clock the Freemasons eme' from the club- 
house in processional order, members being present from 
all ts of the country, and rp! were joined in the 
market-place by various public and educational bodies, the 
members of the Council of the Chesterfield and Derbyshire 
Institute of Engineers, the Stephenson Memorial Com- 
mittee, the Corporation, &c. The procession then moved 
forward to Holywell-street to the site of the new hall, by 
reaching which there were present amongst others the 
Marquis of Hartington, Lord Edward Cavendish, Sir 
Henry Jackson, + M.P., Admiral Egerton, M.P., Dr. 
Booth, J.P., Mr. F. Swanwick, J.P., Mr. A. Barnes, J.P., 
Mr. J. H. Cottingham, Major Jackson, Captain Jendwine, 
Mr. J. Marsden, the Mayor of Chesterfield, most of the 
members of the Corporation, and many gentlemen interes 
in the iron works and collieries of the North Midlands. 
On arriving at the site the procession halted, and the 
persons forming it stood so as to form an avenue through 
which the Provincial Grand Master sed. After the 
singing of the anthem, ‘‘ Except the Lord conduct the Plan,”’ 
Sir Henry Jackson presen a silver trowel to the R.W. 
P.G. Master (the Marquis of Hartington), and invited his 
lordship to lay the stone, which was then raised and bore 
the following inscription: ‘“‘ The first stone of this build- 
ing, to be erected in memory of Geo Stephenson, the 

t pioneer of railways, was laid with masonic honours 

the Marquis of Hartington, P.G.M. of the Freemasons 

of Derbyshire, on Wedn: , October 17th, in the year of 
our Lord 1877.” 

The P.G. Treasurer (Mr. Cox) then deposited various 
coins of the realm in a cavity cut in the stone, and the 
lower stone having been duly cemented the upper one was 
lowered and the P.G. Master said, in uance of an old 
masonic custom: ‘‘ Men, women, and children here as- 
sembled to-day to behold this ceremony, know all of you 
that we be lawful masons, true and faithful to the laws of 
our country and established of cld, with peace and honour 
in most countries, to do ot to our brethren, to erect 
magnificent structures, and to fear God, the great architect 
of the universe. We have amongst us, concealed from the 
eyes of all men, secrets which cannot be divulged, but these 
secrets are lawful and honourable and not repugnant to 
the laws of God or man. They were entrusted in peace 
and honour to the masons of ancient times and have been 
faithfully transmitted to us, and it is our duty to conve 
them unimpaired tothe ey we . » Weare assembi: 
here to-day in the presence of you to\assist in laying in 
ancient form the foundation stone of this ‘ Stephenson 
Memorial _ which we pray — - pe : for the 
promotion godliness, ony, and brotherly love, till 
time shall be no more.”’ The brethren then exclaimed 
**So mote it be,’ and the various officers of the craft 
having duly answered the different formule asked of them, 
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to Chesterfield and its neighbourhood. They had developed 
an Institute which had been 
some years, and which had for its object ths greater per- 
fection and ter progress in all those industries which 
had made Chesterfield and the district what it was; and he 
would say from the labours of that Institute alone the town 
and the district would obtain t+ and manifest advan- 
tages. There also were to raised means for ex- 
tending to them and still more to their children, if they 
should desire to take advan of them, the benefits 
of a higher education than hitherto been provided 
for . They were most of them aware under what 
disadvantages and yet with what success that work had 
hitherto been carried on, and he trusted that it would 
be carried on with ter success greater 
advantage in the new build They would also raise, he 
hoped, no unworthy memorial of that great man by whose 
name the building was being called—a man who lived 
amongst them during the latter part of his life, and whose 
bones lay in the churchyard of their town. He believed 
their Institute had been worthily named, in the memory of 
one who had done so much for Chesterfield and its neigh- 
bourhood, and not only for Chesterfield and its neighbour- 
hood, but also for the nation and the world at large. He 
would not detain them longer, as he had to address some of 
them later in the day, but would only express to them in 
the name of the masonic body, of which he had the honour 
to be the head in that county, their good wishes and their 
wishes for the perity the success of the Institution 
which they that day founded. 

The masonic version of the National Anthem was then 
sung, and the ceremony was completed. 

In the evening there was a banquet which was addressed 
by the Marquis of Hartington, Lord Edward Cavendish, 
and other gentlemen. 








ENGINEERING EDUCATION IN JAPAN. 
A RECENT number of the Japan Weekly Mail contains 

a report of the valedictory address by fessor R. H. 
Smith to the engineering students of the Tékié Dai Gaku, 
for session 1876-7. His subject was ‘‘ Engineering and 
Education of Engineers in Japan.’’ After referring to the 
great changes which are about to take place in the educa- 
tional establishments of that country, Professor Smith 
points out that, in consequence of Japan having lived for 
centuries strictly separated from the rest of the world, the 
Sallaastany eenliben, ced bere prshehiy eran teen 
rudimentary condition, and have probably even 
from their former excellence. Phis he attributes to the 
entire absence of the spirit of national rivalry or patriotism 
among the Japanese: ‘‘ The desire that our own country 
should stand as high or higher in the estimation of the 
world ; that our own countrymen should enjoy in as great 
or a greater degree the comune’ and happiness that the 
material and intellectual wealth, the possession of which 
is called civilisation, can insure; that the men who 
are born in the same land and owe the same allegiance 
as ourselves should have as great or greater freedom 
than the men of other lands—this is the rivalry be- 
tween nation and nation of which I speak, and it is 
this sentiment which has received the sacred name o' 
patriotism.’’ Among the leaders of thought in Japan there 
may be a desire to acquire European science for patriotic 
purposes, but ‘‘the idea of the mass of the people is that 
there is a certain quantity of skill and knowl which 
somehow or other the King of Heaven has allowed to fall 
into the hands of the wrong people, which has to be got 
a them by an ee * otherwise, = so soon as it 

m got possessionof, Japan may then again retire into 
the dignified repose of a uded life. The people of Japan 
have still to recognise that these Europeans themselves are 
—y out every -» ~ year more new things than have 
been discovered by Japan during any fifty years of her 
seclusion.”” The professor therefore calls on Japan to 
throw itself once and for all boldly into the life of the world 
—to accept all the privileges and responsibilities which that 

ition involves,and to make communication between 
itself and other countries poy free and unrestrained. 
For the material part of civilisation, however, capital, 
scientific culture, and good workmen are all required. ‘‘A 
radically false idea of work prevails in Japan; that the 
main object of work is to furnish an excuse for the workmen 
receiving wages. When business is conducted on the principle 
of furnishing as many men as possible withthe minimum 
amount of it inevitable follows that the work is 
done in a wre’ inefficient manner, and the workmen 
are demoralised, it being their interest to do as little as 
possible.”” This idea fosters the strongest prejudices 
against labour-saving machines. ‘‘ The labour-saving 
quality is, in most cases, the only true measure of the 
efficiency of the machine.’’ But in Japan, except the 
domestic sewing and knitting machines, and a few printing 
presses and silk-spinning jennies, the only labour-saving 
machinery is insid ide the new Government workshops; 
and even there the most of it is destined to the manufacture 
of war material. After referring to the to ities 
for professional distinction which the students 
them, Professor Smith continues: “But a far 
glorious and lasting fame will attach to those who will try 
to teach the people that it is their own truest interest to 

é roduct as as 
possible, and who will convince the w en that it is their 
interest and duty, and ought to be their pride, to take 
quarter of an hour’s wage for doi 
an hour, accurately and honestly, 
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and mineral resources of Japan, and the good physique of 
the working classes, and urges that, although the time has 
not arrived for the introduction of factories on 
the pean system, is sufficient capital in the hands 
of native merchants and men of property to allow foreign 
machinery —oe to an immensely greater extent than 
at present. If Japan has to pay a high rate of interest on 
foreign loans, it is entirely the fault of the system of secrecy 
and hostility to foreigners which prevents the creditor from 
seeing what becomes of his money. If these jealousies and 
restrictions were removed, there would be no need to borrow, 
for capital would naturally flow towards so productive a field. 
As the Japanese students, Mr. Smith observes that, 
according to his experience of three years, they are ex- 
tremely industrious and intelligent. They have been 
accused of want of originality, but originality is a curse 
if it be developed before the mind has been disciplined 
by the patient acquirement of knowl Jaran is 
now 0 ing at the outset of her career the valuable 
results for which the rest of the world during five centuries 
have spent untold millions of money in gigantic experi- 
mental failures, and for which the lives of many of the 
greatest of Europeans have been spent in misery and want, 
and ended in disappointment, and without reward. It is 
the business of the Japanese student of the present day to 
learn these results, not to make discoveries for himself. In 
sketching the education required for engineers in Japan, 
Mr. Smith observes that, the whole matter being unfamiliar 
to the native mind, the school instruction must be detailed 
and thorough, and not the mere outline and illustration of 
broad principles which is found sufficient in other countries. 
For instance, in the science of building ‘‘ machine tools,” 
besides describing the functions and construction of such 
tools merally, it would be n to explain 
in detail the rationale and all the varieties of construction 
of the lathe and the planing machine. If the education 
of engineers is to be completed in Japan, and not at 
foreign universities and workshops, there must be pro- 
vided a much larger staff of competent technical teachers 
than the schools at T6kié at present possess. There must 

special professors of and railway engineering, 
of hydraulic and harbour ognaniog, of surveying, of 
machine tools, factory and mill machinery, power engines 
and pumps, marine engines and shipbuilding, locomotives, 
and eT machinery. Besides these specialists there 
must be teachers of mechanical | and applied mathe- 
matics, including mechanics, strength of mate , and ther- 
modynamics. m this increase of teachers and subdivi- 


od sion of subjects there results to the student a real economy 


of labour. Of the other agencies in education, viz., talk 
.with people in engineering business, observation of engineer- 
ing works in progress, and the private study of books, 
there is of course a great want in Japan. Professor 
Smith accordingly urges on the Government the im- 
portance of providing at once for the college a good 
collection of books, of illustrative wall drawings, machinery 
models, and instruments. The Kobu Dai Gakko, it seems, 
has already obtained a valuable museum of models. En- 
gineering study, however, cannot be completed in classes, 
and admitting that the European apprentice system is 
neither possible nor desirable, Mr. Smith refers to the plan 
introduced into Scotland by Professor Fleeming Jenkin of 
working the apprenticeship in the long vacations between 
the winter sessions at the University, ands ts that the 
Mombusho authorities ought to secure the ission of the 
students into the Government workshops. In conclusion, 
the lecturer warns his hearers that the training of the 
competent trustworthy engineer can be completed only by 
the continuous self-teaching implied in a conscientious 
business life. [This address has printed and circu- 
lated in Japanese as well as English. }—Scotsman. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Water Supply of Sheldon. — On Thursday last a 
Local Government Board inquiry was held at Sheldon by 
Major Tulloch, R.E,, to inquire into the matters referred 
to by an application for permission to expend a certain 
sum of money for obtaining a supply of water for the 
township. It was stated that the supply would be ob- 
tained from a mine spring, and would be pumped up by a 
waterwheel already in use. 

The Manners New Oolliery.—At this new colliery the 
Kilburn coal has just been in second shaft, 
ew ao a let om 80 ios * 
months in sinking. a oO @ great quan- 
tity of water was cut into, which took 80 days to pump out 

oval is nearly 5 ft. 


at 30,000 gallons per hour. The seam of 
in thickness. 

Great Production of Steel Rails.—Last week more rails 
were rolled at the Phonix Bessemer Steel Works, near 
Rotherham, of Steel, Tozer, and Hampton (Limited), than 
had ever been made bef in one week. the six 


w 
duced, there being 1800 tons of pig iron used for the purpose. 
The ordinary output is said to be about 1000 tons weekly. 
The additional effort was made in order to meet the urgent 
requirements of the Government, who are pressing for im- 
mediate deliveries of these rails, which form part of a large 
order for the Indian lines. 

and Thornton 
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ing completion, the 
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THE ELECTRIC LIGHT. 
__ THE subject of illumination by electricity, whether 
it be for the lighting of towns and public buildings, 
for the illumination of lighthouses and signal lights, 
for the placing in the hands of the mariner powerful 
or for defensive and offensive 
: th naval and military. 
which, at the present time, is attracting much public 
attention, and its importance is becoming every day 
more recognised. Noone who is an observer of the 
signs of the times can fail to see that electricity is 
destined to play a very important 
gress of civilisation in the immediate future, and that 
will before long become an 


lights on board shi 
operations in war, 


electrical illumination 
t branch of industry. 

e need not trace the history of the electric light 
as produced by voltaic batteries further than to re- 
mind our readers that the discovery of the voltaic 
carbon points was made by Sir 
at the beginning of the present 
} t form it never could have any 
commercial success owing to its enormous cost for 
but it is very generally employed 
tory and lecture-room for the purposes 

eriment and for throwing images or 


n after Faraday, in 1831, made his 

ry of - ning ben electricity b a 
rought out the eto- 
was followed b ~y 


industrial operations, 
enough to produce the electric 
signed by Professor Holmes, 
electric machine of: the Socié 


t was that de- 
of which the magneto- 
té Alliance is a modifi- 











cation. Both this machine and its modification have 
been used for many years at the South Foreland 
Lighthouse, the first having been established at that 
station in the year 1858, and in 1862 the lighthouse 
at D ess was illuminated by the same ine. 
It is also yy: at the lighthouse of La Héve, near 
Havre, at Cape Grisnez, in the lighthouses of the 
Suez Canal, and at several other stations in England, 
Russia, Austria, and Sweden. The Alliance modifi- 
cation of Holmes’s machine was described in this 
journal in our notices of the Loan Collection of 
cientific Apparatus in our twenty-first volnme. 

In the year 1854 Siemens introduced the armature 
which bears his name, and which is employed in the 
early eto-electric machines of Siemens and in 
those of dand Wilde. This was at the time a 
very valuable invention, for on account of the small 
space which it requires for rotation it can be kept 
in an intense magnetic field which may be produced 
by comparatively small yp ere and its cylin- 
drical form is eminently adapted for very rapid 
rotation. 

All the machines, however, which induce their 
electric currents from ‘‘ permanent” ets have 
several drawbacks ; in the first place their power is 
limited by the comparatively feeble intensity of 
magnetisation of the steel magnets, which at the 
best is far inferior to that of electro-magnets, and as 
the so-called ‘‘ permanence” of magnetisation is only 
a name, all steel magnets losing a percentage of 
their magnetism every year, it follows that the 
power of a machine depending upon their inductive 
influence must be continually diminishing until the 
magnets have to be renewed or re-magnetised. 

The most important discovery connected with 
subject was made by Dr. C. W. Siemens and the 
late Sir Charles Wheatstone simultaneously, but 
independently of each other, and the discovery was 
brought before the Royal Society on the same 
evening. is discovery, which is known as the 
reaction principle of etisation, consists essen- 
tially of utilising the residual or inherent etism 
of the iron core of the electro-magnet, and which all 
iron possesses more or less, for inducing in the coils 
of the revolving armature a feeble current, which 
by being carried round the coils of the original 
magnets is sufficient, feeble as it is, slightly to in- 
crease their magnetic intensity; this increase of 

etism reacts on the coils of the armature, pro- 
ducing a still stronger current, which in its turn 
again increases the intensity of the electro-magnets, 
Action and reaction thus go on between the electro- 

ets and the cour gy B rmy in a rp seconds 
the magnets are charged to their point of saturation, 
and the machine is working at te greatest power, 
Upon this reaction principle the electro- ets are 
excited in the newer machines of Wilde, and in those 
of Wheatstone, Ladd, and Varley, as well as in the 
more powerful modern dynamo machines of Gramme 
and Siemens, 

We have from time to time in the es of this 
{oral described the construction of the machine of 

. Gramme, and have detailed the experiments 
which were made on its introduction into this 
country some four years ago. It was at that time 
the most powerful as well as the most economical 
dynamo-electric machine in existence, and bid fair to 
revolutionise the whole science of illumination and 
to stand unrivalled as a producer of electricity. It 
was said and believed that the Gramme machine 
had solved the long sought problem how to produce 
cheap electricity, and not only had solved it but had 
hit upon the one true principle, and that the end 
had ed reached, The poe armature adopted 
by M, Gramme is undoubtedly a beautiful inven- 
tion. It was first used in the electro-magnetic engine 
of Dr. Pacinotti, of Florence, to whom the credit is 
due of being the first to point out that by such a 
construction a continuous current always in the 
same direction can be produced by a magneto- 
electric machine. 

While, however, Gramme was making his machines 
in Paris, Siemens at Berlin was developing the 
dynamic machine which bears his name, and which 
in a short time excited as much interest in Ger- 


machine,|many and Russia as Gramme’s machine did in 
y those of Saxton, Ritchie, | F. 
In all of these machines currents of 
roduced sufficient for many labora- 
purposes, but their effects were 

for illumination or for 
e first machine 


rance, 

At the Loan Collection. of Scientific Senareies, 
dn opportunity of snlig the mastinge ot tne. Boeldss 
an 0 

Allieace, of ML owns and of Messrs, Siemens 


compared ramme, especiall 
with the Alliance machines. The Light from. ¢he 


3°7 
Gramme and Siemens machines was apparently of 
equal intensity, while the latter e occupied 


but one quarter of the space of the former, and did 
not exceed more than neem its weight, 

In consequence of that exhibition the Corporation 
of the Trinity House, with the object of ascertaining 
the best form of dynamo-electric machine ious 
to the installation of powerful electric lights at the 
lighthouses of the Lizard, invited the ers of the 
various machines to a competitive trial of the merits 
of the several instruments. Of these the re - 
tatives in this country of the Gramme, Siemens, 
and Wilde machines accepted the invitation. The 
French proprietors of the Gramme machine refused 
to compete, and the Corporation of the Trinity House 
were Teak in on of powerful machines on 
the Alliance and Holmes’s 
Foreland, where it was should 
take place. The condi to be observed were 
laid down by the Trinity House authorities and were 
submitted to the competitors, and Mr. Wilde, not 
agreeing to those conditions, withdrew his accept- 
ance of the pro 

The trials, which lasted over a month, were carried 
on at the lighthouse of the South Foreland under 
the direction of the scientific adviser to the Trinity 
House, Professor Tyndall, F.R.S., and the engineer 
to the Corporation, Mr. J. N. Douglass, C.E., and a 
more interesting series of experiments, or a more 
exhaustive and convincing competitive trial than 
that laid down in the conditions drawn up by the 
Trinity House, and which was carried out in a most 
masterly manner, could hardly be imagined, 

The permanent ents at the South Fore- 
land were eminently adapted for such a series of ex- 
periments. The machine room of the lighthouses is 
provided with steam engines and shafting designed 

cially for such work ; on the walls are commu- 

tators and switches for sending various currents to 

the two lighthouses, which are each in telegraphic 

communication with the machine room, There is a 

well-trained staff of assistants especially acquainted 

with such work, and the lighthouses being in a com- 

manding position on the coast at a short distance 

from London, observations at sea of the lights could 

be made with exceptional convenience. e espe- 

cial advantage of the South Foreland for such an 

examination (next to the fact that it is an electrical 

station) consists in the duality of the lighthouses, 

At no single lighthouse could so conclusive and im- 

ial a trial have been made, for however carefully 

sa man comparisons may be conducted, no per- 

ectly satisfactory results can be obtained a ma 
lieanlbanaame observations of the lights under trial 
can be made, Variations of engine of tem- 

perature of the machines ves or of the cables 
connecting them with the lamps, alterations in 

barometric pressure, of temperature in the lantern, 

and of a hundred things besides, may make differ. 
ences in the intensity of the light produced. at 
the lamp, and in the case of observations at a dis- 

tance or at sea, variations in. the state of the atmo- 

sphere from hour to hour, or even from minute to 
minute, would make any alternate trials of different 

systems. very unsatisfactory to all parties except 
peenee titors. 

In the experiments at South Foreland, how- 
ever, no su 


principle at the South 
the trials 


element of error was present, the com- 
peting machines were tried first singly against the 

olmes and Alliance machines iy established 
or the station, o witha igh me a9 against oe 
other, one supplying the light u o 
house, and the other to the lower, and test ya 
should be an advantage of position enjoyed by one 
tower over other, the two towers were used 
alternately by each machine; that is to say, the 
Siemens. light in the u lantern was tried simul- 
taneously against the Gramme in the lower, and 
the Gramme in the upper lighthouse against the 
Siemens in the lower. 

While the machines were at work the coal con- 
sumed, the horse power absorbed, the ligh 
duced by candle measurement, and the light pro- 


duced per horse power, were accurately measured 
by a series of a 7 price ag se pee. 
trating power i 
lights in various states of the a and at 
various distances, were determined by @ second 
series of observations made on one of the Trinity 
yachts which was cruising at sea, ' 
The results of these experiments are given in a 
the Corporation of 
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Elder Brethren, the report of Professor Tyndall, 
F.R.S., which will be found on another page of the 
present issue, and that of Mr. J. N. Douglass, C.E., 
which we shall publish in extenso next week. The 
details of all the experiments are recorded in a 
tabular form, which, though of great interest, would 
occupy too much of our space to print at length, 
but the results of the competition are very clearly 
given in a second Table, which will be found at the 


end of Professor Tyndall's report on page 303 of | p 


In this Table the dimen- 
sions, weight, horse power absorbed, number of 
revolutions, light produced in candle units, light 
produced per horse power, size of carbons employed, 
and order of merit are given. And the figures 
under all these heads (excepting only the number 
of revolutions) are so unmistakably in favour of 
Siemens’ machines that they have distanced all com- 
petitors, and left them far behind. The order of 
merit of the machines tried stands thus: First, 
Siemens (small machine, “ No. 68”); second, Sie- 
mens (small machine, “‘ No. 58”); third, Siemens 
(large machine) ; fourth, Gramme (large machines, 
** Nos. 1 and 2”); fifth, Alliance ; and sixth, Holmes. 
From this Table it will be seen that the small Sie- 
mens and the large Gramme are about equal to 
one another in illuminating power, but while the 
former weighs but 3 cwt. the latter weighs over a 
ton and a quarter. The horse power absorbed is as 
3.3 for Siemens to 5.5 for Gramme, and the light 

roduced horse power is in the proportion of 

080 for Memens to 1257 for Gramme, and the 
prime cost of the two machines is as 100 for Siemens 
to 320 for Gramme, in other words, three of the 
former cost less than one of the latter. 

With such results before them the Corporation of 
the Trinity House could arrive at but one decision, 
namely, to entrust to Messrs. Siemens Brothers 
the construction of the electrical apparatus for the 
lighthouses on the Lizard promontory, and the con- 
clusion of the report consists merely of copies of 
correspondence between Professor Tyndall and Mr. 
Douglass and the Trinity Corporation, and between 
the Secretary of the Trinity House and Messrs. 
Siemens Brothers, relative to the order for the 
Lizard lights. It includes also a graceful tribute to 
Professor Tyndall and Mr. Douglass, contained in 
a letter from Mr. Sabine, the representative of the 
Gramme machine, to Professor ‘Tyndall, expressing 
his satisfaction at the fairness and impartiality of 
the trials. Such a letter says much for all ies ; it 
proves the satisfactory nature and impartiality of the 
trials, and shows an honourable spirit on the = of 
the proprietors of the Gramme machire to acknow- 
ledge themselves fairly beaten, for it is seldom that 
an unsuccessful competitor is satisfied with the 
impartiality of the trial in which he has not been 
successful, and especially to express himself in so 
honourable a manner. 

Some very curious results were obtained by ex- 

rimenting with two machines coupled together ; 
it was found that they produced a larger candle 
power, and absorbed less horse power than when 
working separately ; thus it will be seen from the 
Table on page 303, that the two small Siemens gave 
when wollte separately in the aggregate a light of 
12,403 candles, whereas the two coupled together 
and driven at the same speed gave a light of 14,134 
candles, and while the former absorbs 6.8 horse 

wer the latter takes slightly less, or 6.6. It is 
intended therefore at the Li to work two ma- 
chines together at each lighthouse when the weather 
is at all thick, and one machine when the atmosphere 
is clear, keeping two machines always in reserve. 

When this apparatus is installed, the Lizard lights 
will be the most powerful in the world, and the two 
ends of the south coast of thiscountry will be marked 
- very unmistakable and interesting double lights 
of intense power, that at the Lizard ‘by two electric 
lights horizontally separated from one another, and 
that at the South Foreland by two electric lights at 
different vertical elevations. 

There can be no doubt, with apparatus producing 
80 great an intensity of light, and at so small a cost, 
that the time is close at hand, if it has not already 
come, when ocean-going steamers will have to carry 
electric lights for the prevention of collisions at 
night, for discerning other vessels, rocks, shoal 
water, or land, from two to three miles ahead, and 
for facilitating the operations of taking in or dis- 

i at night. All well-appointed ships 


the present number. 


hing anchor, lifting cargo, and 


same time, their application to driving dynamo ma- 
chines for producing the light would be simple and 
inexpensive. Such a light, while rendering visible 
at night objects miles ahead, would itself be seen 
from 10 to 25 miles, according to the state of the 
weather, and would undoubtedly prove of enormous 
value to navigation. For ships of war the electric 
light is of still greater value as a protection against 
the attacks of torpedo boats at night, and for this 
uw it is being fitted to several of the new ships 
in Her Majesty’s Navy, and it is employed for this 
a in the ships of the French, Russian, and 
panish navies. 

Much has yet to be done in the illumination of 
ef buildings such as railway stations, public halls, 
and factories, as well as in the illumination of en- 
gineering works carried on at night, in fact it is 
not easy to enumerate the many uses to which it 
will be put. As we said at the commencement of 
this article we believe there is a great future for 
electrical illumination, and as fresh improvements 
and new inventions will arise it will become of 
more general application. Perhaps the time is not 
far distant when electricity will be, as an illumi- 
nating agent, as familiar to the public as gas is now, 
though we must confess that we do not consider the 
subject has advanced so far as to justify the depres- 
sion in gas shares with which a recent ingenious in- 
vention known as the electric candle was lately ac- 
companied. 

hen, however, the time comes for electricity to 
be the light of the present as it seems to be now 
tending to become the light of the future, one great 
name will have fresh lustre thrown upon it, and a 
still higher position in the list of the world’s great 
benefactors will be given to the name of Michael 
Faraday. 








BOILER INSPECTION. 

We have always been strong advocates for the 
periodical inspection of steam boilers, believing as 
we do that in such i tion and in attention to 
the lessons resulting therefrom lie the best means 
of avoiding boiler explosions and their disastrous 
results. But periodical inspection to be of value 
must be conducted in a proper manner. It must 
not consist merely of a brief visit to the stokehole, 
a glance round the fittings, and an inquiry of the 
stoker as to whether he has noticed any leakage, 
but it must be a proper examination by the inspector 
himself of the boiler and its mountings, while at 
least once a year this examination should be internal 
as well as external. A faulty and careless inspec- 
tion is worse than none at all, as it is apt to createa 
false feeling of security when the grounds for that 
security are wanting, and it may thus induce a 
neglect of indications of weakness in a boiler to 
which attention would otherwise be paid. 
We have been led to make these remarks from 
the fact that during the past year several cases have 
come under our notice in which boilers nominally 
under the inspection of a boiler inspection company, 
have been found in a condition more or less 
dangerous, notwithstanding that the defects were 
such as were readily discoverable by a proper ex- 
amination. Besides these cases which have come 
under our immediate notice, too, we find in the last 
report of Mr. L. E. Fletcher, the chief engineer of 
the Manchester Steam Users’ Association, particulars 
of two instances of explosionsin which, as it appears 
to us, a very grave responsibility rests upon the 
company under whose inspection the boilérs had 
been placed and by whom they had been insured. 
Mr. Fletcher does not mention the name of the in- 
reper company (merely stating that it was not 

at with which he is connected), neither does he 
specify the places at which the explosions occurred, 
but the facts connected with the explosions enable 
them to be readily identified. 
The first case is that of a plain cylindrical boiler 
29 ft. Qin. long by 5ft. 3in. diameter, which 
exploded at some works at South Shields on the 22nd 
of June, killing two persons and injuring seven 
others, The boiler, which was v 
was made of plates j in. thick and was worked at a 
pressure of 35 lb. per square inch, The boiler failed 
at a longitudinal seam immediately over the fire, 
and —- examination showed that—to quote 
Mr. Fletcher's report—‘‘The plates over the fire 
‘had been patched, and in all the seams in the fur- 
“nace several of the rivet holes were fractured. 
“ In some i the overlaps had been so severely 
‘* caulked that they were lifted fully three-sixteenths 
‘“¢ of an inch, while some of the seams over the fire 


‘‘ been reeently used in the boiler, which was not 
‘* fitted with any blowing-out apparatus.”” We per. 
fectly agree with Mr. Fletcher when he adds : 
‘“* Competent inspection would have clearly de- 
‘* tected the defective condition of the boiler and 
‘‘ the necessity of blowing-out,” and yet, as we have 
said, this boiler was insured and was under the 
nominal inspection of an insurance company, but it 
was elicited at the inquest that the inspection had 
been external only. The coroner in summing u 
drew attention to the neglect which had occurred, 
and the jury in their verdict strongly condemned 
not only the neglect of those in charge but also that 
of the boiler inspector. 

In the second case referred to in Mr. Fletcher's 
report the explosion took place through the collapse 
of a flue, and it was sages at the inquest that in 
this case also the boiler had been insured without 
having been internally examined, while the inspector 
acknowledged that had he known the thickness of 
the plates he would probably have recommended 
that the flue should be strengthened. Such inspec- 
tion as this, which allows of a boiler being insured 
while the thickness of the flue plates is unknown, 
and while no internal examination has been made, is 
a mere farce, and deserves most hearty condemna- 
tion. 

We know that some boiler owners are careless, 
and grumble at making arrangements for thorough 
inspection ; but it is above all the duty of boiler in- 
spection companies to combat such carelessness and 
to insist upon facilities being given for such inspec- 
tions as will insure safety. Ifa boiler owner refuses 
to give these facilities, then no inspection company 
should undertake the insurance of his boilers, and 
nothing in fact can excuse their doing so. The 
Manchester Steam Users’ Association has set an 
excellent example in this respect, and has made it a 
strict rule that they will guarantee no boiler unless 
facilities are-given for a thorough external and 
internal examination yearly. This example other 
inspection companies will do well to follow, and it 
is only necessary for them to make a firm stand to 
insure compliance with their regulations. We 
intend to keep a watch for further examples of 
what we cannot help calling sham inspection, and if 
such instances come under our notice, we shall have 
more to say about them. 


RAILWAY PROGRESS, 1876. 
Tue Board of Trade report for the past year on 
the share and loan capital, traffic and working ex- 
penses, of the railways of the United Kingdom, 
shows the total mileage for the whole kingdom as 
16,872, being an increase over that for 1875 of 
214 miles—much the same amount of increase as 
that for 1875 over the mil of 1874. The per- 
centage of increase is in both cases about 1.3 per 
cent.—a much smaller rate of increase than has 
often been the result of previous years. Almost the 
entire increase for the past year has been in England 
and Wales ; the increase in Scotland being five miles 
only, and in Ireland nine miles. 
The increase of double mileage is greater than the 
increase of the whole mileage. Of the above total 
of 16,872 miles the number of double miles was 
9169, and of single miles 7703, which compared with 
the corresponding details for 1875, shows that the 
increase of double mileage has been 271, whereas 
there has been a decrease of 57 miles in the single 
mileage. In the absence of definite information, it 
is impossible to say whether the increase of double 
mileage is due for the most part to absolutely new 
constructions, or to the conversion of existing mileage 
into double lines; but it is clear that the latter 
process is going on to some, and probably to a con- 
siderable extent. . 
With regard to rolling stock there is a slight 
increase under each head, the details of which for 
the last three years for the United Kingdon are as 
shown in Table I. in the succeeding page. . 
The total cost per train mile and per open mile 
of railway for maintenance of way, locomotive and 
rolling stock, traffic and gene charges, rates, 
taxes, and miscellaneous, stands as under : 

















Per Train |Per open Mile of 
is Mile. Railway. 
a £ 
Maintenance of way ... ... 7.46 397 
Locomotive and rolling stock 12.42 662 
Traffic and general charges ... 12.88 660 
Rates, taxes, and Government duty} 2.25 120 
Miscellaneous .., 1.62 86 
Total . 36.13 1925 








cab che vided with steam power for 
working the sails, 
working crabs and winches; and as the steam 
engines so employed are never all at work at the 





“were burned. Added to this, salt water had 
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TaBLeE No. I. 


















































1874. 1875. . 1876. 
Number Number Number 
Number. per Mile. Number. per Mile. Number. per Mile. 
Locomotives i feo mae od oa as | 11,935 -73 12,439 .75 12,994 .77 
Carriages used for the conveyance of passengers only 25,441 1.55 1.57. | 27,191 | 1.61 
Other vehicles attached to passenger trains ... oo ssh 9,686 59 10,145 61 10,485 62 
Wagons of all kinds used for the conveyance of live stock, | 
minerals, or general merchandise ... vad a ...| 838,835 20.60 | 347,311 20.85 (856,121 | 21.11 
Other carriages or vehicles not included in the preceding) 
columns ... ses oe nee ee aN 2 | 5,987 36 10,139 61 10,730 64 
Total of vehicles, including locomotives .| 879,899 23.00 393,799 23.64 (404,527 | 23.98 
Tasxz No. II. 
England and Wales.! ‘Scotland. Ireland. 
| 
a | 
Number | Number Number 
Number. per Mile. Number. per Mile. Number. per Mile. 
en ee a ae ee ae 10,928 91 | 1,508 55 558 | .26 
Carriages used for the conveyance of passengers only 22,757 1.90 | 3,211 | 1.18 1,223 .57 
Other vehicles attached to passenger trains ... ‘ iad 8,741 73 | _1,160 43 584 27 
Wagons of all kinds, &c. nee aes oes oes +--| 272,816 22.76 | 72,916 | 26.74 | 10,389 4,82 
Other carriages or wagons not included in the Preceding} 
columns oon pie 06.  as08 ee si | 9,263 77 1,130 41 337 15 
Total of vehicles, excluding locomotives “| 313,577 26.16 78,417 28.76* | 12,533 5.81 














Dividing these particulars for the past year under 
the respective countries we have the result shown in 
Table IT. 

These charges, as may be easily understood, vary 
considerably as between England, Scotland, and 


























Ireland. Thus it stands: 
Per open Mile of 
| Per Train Mile. ilway. 
Charge, 3 ; . 
Bei gic Bgl BI] 
rE s| 2 8 25 a| 3 2 
ge S o | 5 o 
ia Fla! \é eo | 8 
d. d. d. z£ £ E4 
Maintenance of way ~ ...| 7.29 | 7.41 | 10.64| 456 | 292 | 200 
Locomotive and rolling 
stock ... one «+» 12.60 | 11.89 | 11.87 789 | 449 | 224 
Traffic and general 
charges .., ° » [1275 10.47 | 10.57 799 | 413 | 199 
Rates, taxes, and Govern- 
ment duty pm sea} 2035 1.76 | 1.67 147 70 31 
Miscellaneous ves| 145 | 1.54 | 1381 | 103 61 | 25 

















Looking at the Table of comparison in expendi- 
ture per train mile of the several principal railway 
companies, it is observable that the highest outlay 
for maintenance of way has been with the Great 
Southern and Western, which stands at 12.27d., 
whilst the lowest is that of the London, Brighton, 
and South Coast, the charge in this case being 
4.76d., as against that of the Manchester, Sheffield, 
and Lincoln, the next highest, which stands at 
5.63d. In locomotive and rolling stock the Lan- 
cashire and Yorkshire stands highest, viz., 15.46d. ; 
the Great Southern and Western next, at 19.76d, ; 
and the Great Western least at 10.59d. Under 
traffic and general charges the Lancashire and York- 
shire takes the lead at 16.89d.; the Manchester and 
Sheffield next, at 14.70d.; and the Great Southern 
and Western least, at 9.35d. A like comparison of 
the total charges shows that the greatest expenditure 
has been with the Lancashire and Yorkshire, the 
figure against which is 42.55d. Next comes the 
North-Eastern at 38.95d., and last, the Brighton 
and South Coast at 33.09d. 

For compensation for personal injury, the ex- 
penditure per train mile, is less than has been paid 
for the previous five years, viz.,.35d, For damage 
to goods, however, it is, in accordance with previous 
years, still on the increase, being in the present in- 
stance .36 as against .82 for 1875. ‘The comparison 
in the latter case is scarcely a good one, inasmuch 
as its calculation should be based more on the re- 
ceipt for goods traffic, than on the mileage. The 
receipt for goods trains per train mile averages 
— year 1876, 106.66d. as against 96.43d. for 


The total nominal capital at the date of the report 
was 658,214,776/. as against 630,223,494/. for 1875. 
Thus there is an apparent increase of 27,991,282/., 
or about 4.4 per cent. Nearly eight millions of 
this increase is due to an increase of the nominal 





capital of the North British and Caledonian Rail- 
ways in connexion with conversions operation, Allow- 
ing for this the remaining increase is about 
20,000,000/., or 3.1 per cent., a considerably higher 
rate than that of the mileage open for traffic; a 
result which may be taken as indicative that a con- 
siderable portion of the increased capital has been 
expended on lines already open for traffic. The 
present capital charge per mile of railway stands at 
39,0127. as against 37,833/. for 1873, and 35,9437. 
for 1871. 1t is but reasonable to look for an in- 
crease in this direction until such time as railways 
have completed their station and siding accommo- 
dation, their locking, signalling, and other equip- 
ments to meet the oo with which they 
have to contend. When this stage is reached, for 
whatever portion of the system it may be, the charges 
under this head will again compare favourably with 
preceding years. There will always be a point at 
which increase of traffic will call for some abnormal 
increase in outlay, or when the outlay will not be 
proportional with that for preceding years, and 
when the necessary provision has again been made 
the outlay will once more recede in comparison to 
receipts. This, to a great extent, is the condition 
of railways at the present time. The traffic has 
been increasing till increased accommodation, and 
improved appliances and means for meeting it have 
become a necessity. 

The financial results for the year may thus be 
summed up. The extent of the system has increased 
but 1.3 per cent., but the double mil has in- 
creased 3 per cent. Capital has increased per mile 
open 3.1 per cent. ‘Traffic has increased 1.6 per 
cent., and working expenses 0.9 per cent. ‘The 
receipts, expenditure, and net earnings per train 
mile have all decreased slightly. The result is a 
slight diminution of the percentage of net earn- 
ings on the whole capital, namely, from 4.45 to 4.36 
per cent.—a reduction which would be still less in 
reality to those concerned, allowing for the increase 
in nominal capital only as distinguished from an in- 
crease of actual capital outlay ; and a rather larger, 
but still not a large, diminution of the dividend paid 
on the ordinary capital, viz., 4.72 to 4.52 per cent., 
a diminution which would be less if allowance were 
made for the infusion of merely nominal capital. 
These are the results at a time when the rate of 
working expenses is at a high level compared with 
the period prior to 1872, results which on the whole 
cannot, as regards the railway capitalist, be deemed 
unfavourable. 

As regards the public use of railways, the pas- 
senger train mi was 105,919,000 miles or 
5,188,000 miles (being 5 per cent.) more than in 
1875. The goods train mileage 106,139,000, or 
1,504,000 miles (being 1} per cent.) more than in 
1875. The great increase in passenger traffic comes 


under the head of third class. First-class traffic 
shows a decrease of 159,235/. Second class a decrease 
of 183,476/. Third class an increase of 630,132/. 





Season tickets, an increase of 65,135/. The pressure 
of the times, or other causes, has thus taken from the 
first and second-class traffic, and added to the third 
class, for the accommodation of which traffic more 
trains than formerly have apparently been required, 
neutralising to the railway companies the increase 
of receipts from that traffic. 





THE GERMAN BRAKE TRIALS. 

WE have already (see ante page 261) published a 
description of the method adopted in carrying out 
the recent trials with continuous brakes on the 
Main-Weser Railway, and have given in consider- 
able detail the deduced summaries of results obtained. 
It remains for us to consider the actual records of 
the stops made with the experimental trains, It 
will be remembered that there were thirteen of 
these, and that the brake appliances represented 
four different systems— Westinghouse, Smith, 
Heberlein, and Steel. The report showed, as might 
have been expected, that a large ce of advan- 
tage lay with the automatic brake, when the condi- 
tions under which each system were tried were re- 
duced to the same standards of brake-block pressure 
and train speed. The Tables on the following pages 
give the record of each trial and the conditions under 
which it was made, thus supplementing the in- 
formation already given, and showing the actual 
times and distances which each brake required to 
bring its train to a stop under a large range of speed 
and brake pressure, and upon a falling as well as on 
a horizontal gradient, In regarding these results, 
the Heberlein brake need not be so carefully con- 
sidered, for though it made some remarkably quick 
stops, its principle does not allow it to be included 
among continuous brakes proper. There remain, 
therefore, the Westinghouse, Smith, and Steel, and 
with each of these a considerable number of stops 
were effected at speeds ranging from 35 to 46 miles 
an hour. The various trials may be classified as 
follows: 1. Ordinary stops with brakes applied 
throughout, 2. Stops in which engine and tender 
alone were braked. 3. Stops where brakes were 
put on by guards and not from the engine, 4, Stops 
where brakes were first applied by guard and after- 
wards by driver. 5. Break-away stops, 6. Stops 
made with two or more trains coupled, to represent 
more nearly than the short train could do the con- 
dition of actual practice. 7. Special experimental 
stops with the vacuum brake. The majority of the 
trials came under the first class, and none of 
them were remarkable either for the short dis- 
tance or time in which the train was 

ulled up; in fact, the contrary was the case. 

his will be understood by observing the very low 
percentage of brake-block pressure to total weight 
of train (except on the Steel brake) in consequence, 
pry because of the weakness of the standard 

rake riggog, and partly because the German rail- 
way authorities established a very low standard of 
brake-block pressure in relation to weight of vehicles, 
It will be remembered that the pressure of the Steel 
brake could not be calculated as was possible with 
the automatic and the vacuum, and that two of the 
first-named trains had a stronger rigging, which was 
able to withstand increased pressure from the brake. 
In the summaries we have abeady published the dif- 
ferences were, as we said, reduced to a common 
standard, but these differences and their results are 
conspicuous in the nuns ving Tables. Thus, 
while the percentage of brake-block pressure to total 
weight of train for the Smith brake ranged from 27 
to 46, and for the Westinghouse from 30 to 58 (with 
one or two — ions), the percentage in the Steel 
brake never fell below 52 and rose to 62, and 
in two instances considerably higher. Yet even 
under these disadvantageous conditions we find that 
the Westinghouse did far better work in the first 
class of stop (see Nos. 23 and 26), where the latter 
at 40.73 miles per hour and 52 per cent. of brake 
pressure to weight of train, stopped on the level in 
537 ft. and 15 seconds, while Steel at a slightly 
lower speed and 79 per cent. of brake pressure ran 
on 678 ft. and took 18 seconds, At about the same 
speed the vacuum brake was very sluggish in pull- 
ing up the train, always coming in well over the 
thousand feet, but having, however, a lower percent- 
age of brake-block pressure. Only one stop stands 
out conspicuously in the long series, No. 28, in 
which the he pees eng brake, on this occasion, 
only put out anythi g like its real strength, and 
reached 82 per cent. of brake pressure to weight of 
train. The speed in this case was 4].60 miles, and 





the stop was made on the down grade of the A 
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TABLE SHOWING ACTUAL PERFORMANCES OF VE SMITH, HEBERLEIN, AND STEEL BRAKES ON THE MAIN-WESER RAILWAY, DURING THE 
OF AUGUST 1 TO 4, 1877. 
1/2. | 3 4. 5. 6. % | 8 | 9 | 10.) IL | 12. 13. 14. 15, 16, W 
aes Aadt Rae — a = 
, | » | jes Sl so is | 
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ait 5 ~ Ms 3 2 zs 3 
a|é ES|s Ee g| 2 é o z a 
= $s/5 2/\& 2 . 
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F 3 & NAME OF RAILWAY. é ae s ee : 3/3 rl s 2 REMARKS, 3 
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Bid} i 2 4315 lod gigié Fs 7 : 
= |i a sFicics a |Rlgs o@ Fe] 
H g|s piece Bs! a les $/8|g z S 3 
Fai \ 7 s Pi re i r 2 
x ei & les 9 z o < s 
Blz|&|é Z ES} 8 58) 2) 2 | | @ Ze B s 
| mtres.| ft. % 
1 | 28 |56 | 34.77|Frankfurt-Bebraer Bahn +] Smith 65 | 72 | 46 |23.4| 225 | tse B 1 
2 | 72 |57 | 36.4 |Niederschles.Markische Bahn | Heberlein 53 | 72 | 38 |25.8/ 244 800; B Engine and tender only were braked. 2 
3 | 87 |59 | 26.64|Bergisch Markische Bahn Hand broke |... |... | . |462/ 469 |1838) B re mg | + ao A acelin tender} 3 
4} 66 |59 | 36.64 /Ostbabn ..  , ee Steel 76 | 72 | 55 |21.0| 224 | 74) B If [oie | , 4 
5 | 2/60 | 87,96/Niederschies.Mirkisch Bahn | Heberlein | 82 | 72 | 59 /20.0) 194 | - B gg s , 
| 4ofl1 ,, 
6 | 15 |60.6| 97.63/Main WeserBabn ... ...,. ‘Smith 50 | 72 | 86 |33.2| 328 /1076) A { 2of 1 3} % 
| | 2o0f 1 ,, 
7 | 23 1.3) 88 |Hannoversche Staatsbahn .,,| Heberlein 48 | 72 | 34 |26 271 ts B = f ao Uy by guards from signal, but were not applied omy . 
8 | 50 /61.2| 38 |Niederschies. Markische Bahn | Smith 54 | 72 | 39 (26.8) 270 eee B a 8 
} ite } Continuous brakes of both trains applied. Unbraked carriages 
9 | 83 |61.2| 38 | Nied. Mark.and Hannoversche Heberlein 75 | 72 | 54 |15.8) 154 | 505) B eee removed. Train made ap of eight cars with brakes, and 9 
| | | } ay 6 —e —- oo train. Regulator kept open. 
7 e signal the driver whistled on the rds’ and tende 
10 | 11 |61.5| 38.19|Hannoversche Staatsbahn Hand brake | ... ve 40 | 415 poet B on eee { brakes, and shut off steam. _ _ 10 
11 | 17 |63 | 39,19 < " Heberlein 72 | 72 | 50 [24 271 | 888) A 4 2 n 
. 12 | 62 (63 | 39.12|Bergisch M arkische Bahn | Hand brake | 59 | 72 | 42 |25.6/ 268 | 879) B = “a 12 
18 | 66 /63 | 39.12/Hannoversche Staatsbahn .,.; Westinghouse | 75 | 72 | 54 /19.5) 194 | 636) B { re | ta : as 
14 | 26 |69.5/ 30.41 |Frankturt-Bebraer Bahn “| Hand brake |... | ... | .. |44 | 457 |1498) B A ... | Same as Nos. 3 and 10. 4 
16 | 59 |68.5/ 3941) WestfAllische Rabo wn. me) rap tain 75 | 72 | 54 |22.5) 235 | 170 B 4 2 15 
16 9.75 | Nied. Miirk, and Hannoversche eberle: 2 18 223 — ee Same conditions as in No, 9. Brake applied too early. 16 
17 | 6 |64.8| 40.24|Main Weser Bahn arr Smith 49 | 72 | 35 [34 | 354 |1161) B ea see - * 17 
18 | 18 |64.8| 40.24|Hannoversche Staatsbahn ...; Heberlein 82 | 72| 61 19 | 202 | 662) B 4 2 18 
19 | 39 |64.8) 40.24|Bergisch Miirkische Bahn we] mith 57 | 72 | 22 [27 | 307 |1006) B pa ee 19 
74 |65 : oo 1 72) ccs ™ No brakes applied. At the signal steam was shut off and train 
20 | 7 40,36|Main WeserBahn ...,.. ’ ‘ we | ee A&B ee - { allowed to stop gradually. No stop recorded. } me 
21 | 8 |65.2| 40.46 ys - -—  * ” 54 | 72 | 39 |30.6| 326 |1068) B io ond 21 
22 | 12 |65.2| 40.46|HannoverscheStaatsbahn ,,,| Westinghouse | 62 | 72 | 45 |26 | 272 | 892) A 2 1 22 
23 | 33 |65.2| 40.46|Westfilllische Bahn... ... Steel 108 | 72 | 79 |18 207 | 678} B 4 2 23 
24 | 44 |65.5| 40.47|Main Weser Bahn .| Westinghouse | 58 | 72 | 42 |22 239 | 783) B a ove 24 
25 | 48 |65.2) 40.46 mr a es 58 | 72 | 42 [25 234 | 767) B — has -—_—- signal three carriages (two braked one unbraked) were) |95 
Centre pair > |. uncoupled, to represent break away of train. } 
od bed we beget Sec » [ree] enln | ao |] |S Seti Ps u 
s,40 b 
| car 
27 | 52 |67.0/ 41.60/Niederschies. Mark. Bahn Smith 48 | 72 | 35 |34 366 1200) B ie ani Engine brake disconnected. 27 
28 | 53 |67.0| 41.60|Main Weser Bahn pn ...| Westinghouse {114 | 72 | 82 |16 181 | 593) A pie 28 
29 | 10 /67.8| 42.10|/Hannoversche Staatabahn ,,.| Hand brake |... | ... | ... |52 605 |1987) A pt ; Same as Nos. 3, 10, and 14. 29 
30 | 58 /67.4) 41.85 | Westfillische Bahn... — ...| Smith 62 | 72 | 45 31 | 335 [1098] A oP: 30 
Train taken up trial line A, and on signal was disconnected 
31 | 87 |67.8| 42.10 a m = a Steel wwe [16 217 | 711) A ~ ee first and second cars, to imitate break away. See > |31 
| | 0. 25. 
| 
32 | 35 |68.2| 42,35 - ie + * 85 | 72 | 61 |22 | 267 | 875) B pi 32 
33 | 13 |68.5/ 42.53|/Hannoversche Staatsbahn ...| Westinghouse | 64 | 72 | 46/23 | 255 | 836) B 4 1 33 
34 | 60 |68.5| 42.53 | Westfiillische Babn and Berg. “ 
Mark. and Main Weser Bahn Smith 55 | 68 | 37 |37 427 |1400 B pte .» | All four trains coupled and braked. See Nos, 9 and 16, 
35 | 85 |68,5| 42.53 |Frankfurt-Bebraer Bahn _... ” 58 | 72 | 42 |27 299 | 981) B als “ ~ 
36 | 91 |68.5| 42.53 |Main Weser Bahn ae | Westinghouse | 81 | 72 | 58 |19 223 | 731} B , ss 36 
37 | 89 |68.6| 42.54|Frankfurt-Bebraer Bahn Smith 45 | 72 | 32 |32 352 |1156) B a po Vacuum reduced to one-third atmospheric p 87 
38 | 76 |68.9| 42.78 if e aa Steel 83 | 72 | 60 /21 243 | 797| B a ‘be 38 
39 | 1 |69,.4) 43.09 | Niederschles. Miirk. Bahn coal Heberlein 70 | 72 | 50 |25.4| 291 | 954) A a 2 39 
40 | 16 |69.4| 43.09|Main Weser Bahn... ...| Smith 50 | 72 | 30 |33 | 366 |1200) B 2 1 40 
41 | 49 |69.4| 43.09 |\Niederschles, Miirk. Bahn ...| " 49 | 72 | 35 |94.8) 395 |1295) A rs wee = 
42 | 24 /69.8| 43.84) Hann. and Nieder. Miirk. Bahn| Heberlein 90 | 67 | 60 |26.6| 311 |1020) B ? Both trainscoupled and braked. See Nos. 9,16,and 34. 42 
43 | 31 |69.8| 43,34/Frank.-Bebraer Babn., Berg.-| | a 
Mark., and Main Weser Bahn| Smith 61 | 70 | 43 (35.6; 421 |1380; B . a Three _ ditto, ditto . See Nos. 9, 16, and 42, 
44 | 30 |70 | 43.47|Frankfurt-Bebraer Bahn _ | ” 63 | 72 | 43 |288/ 334 |1096) B ce ese “4 
| | | iL 2 
45 | 68 |70 | 43.47 |Hannoversche Staatsbahn a Westinghouse 78) 73 | 54/20 | 229 ra B if to 3 } 45 
} ‘ | * 
46 | 78 |70 | 43.47 |Niederschles. Mark. Bahn Heberlein | 66 | 72 | 47 = 313 B | viacia < i: | ~~ ene Pe ores a ees tee a | a 
; » T. 
47 | 483 |70.6| 43.84/Main Weser Bahn __sé,, Westinghouse | 59 | 72 | 42 /30.8/ 377 (1336) a P 47 
43 7 706 43.5 area | ee 68 | 72 | 42 | ti 416 ™ A ne = | Same conditions as in Nos, 25 and 31. = 
49 . Vv t! rankfurt - Bebrae | 
‘and Westfillische Bahn “0 Steel 85 | 66 | 61 |35 | 467 |1591) B | y ___| Three trains coupled and braked. See Nos. 9,16, 42, and 43. 
50 = ny by Ostbahn ... = singh 82 = 59 |22 272} 892; B aA “| 
51 . Hafinoversche Stastsbahn es ouse | 71 | 72 | 51 |25 283 | 928 re , 5 
52 | 25 |71.4| 4433 |Frankfurt-Bebraer Babn.., Hand brake |... |. |... (68 | 700 (3961 4 we + | Same conditionsas Nos. 3,10, 1,and 52 
PE |. a i 
. ” "| ¢The two unbraked cars thrown out. Train composed of Han- 
55 | 73 |71.4| 44.33|/Hann. and Main Weser Bahn! ” 55 | 92 51 lt 249 | 817 B 2 2or3 noverschen Railway e and tender, and eight cars aii 55 
b See Nos. 9, 16, 34, 42, 43. and 49. 
56 | 78 |71.4| 44.33 |Frankfurt-Bebraer Bahn . Steel 1100 | 72 | 72 |19 227 | 744, B 4 3 | 56 
57 | 36 |71.8] 44.58 | Westfillische Bahn ie |35 A | { At, the signal the coupling between, tender and Srat car was} |ez 
coe | tee | eee | eee * oe isconnected to imitate break away. . 20, Ol, . 
58 | 41 |71.8) 44.58 | Bergisch Mirkische Bahn Smith 38 72 | 27 48.5; 545 1777) B dds Both hose at end of last car were left open to admit air. 58 
bed al bare onstrrn Wontngome | x} ra] as vo | ou uae) a | | | (tae taser bakes yy eared 
: I. ae en At thes the cou between tender and first carriage was 
60 | 4 |72.7| 45.14|Niederschles. Mirkische Bahn.| Heberlein we | ose | ove 288 | 428 aed A 2 5 { raha on bm eaaae tooahe away. See Nos. 25,31, 47, and 57. 5 |60 
61 | 71 (72.7) 46.14 i - ” 49 | 72 | 35 |40 484 |1587| A aa ” Engine and tender only were braked. See No. 2. 61 
62 | 5 [73 | 45.83 * % Smith 47 | 72 | 34 |43.5| 536 |1758| A . "| Engine brake disconnected, See Nos. 27 and 28. 62 
63 | 69 [73 | 45.33 ” ° Heberlein 33 | 72| 34/49 | G90 |2263] 4 ons ig PB ee Nos a ~ won nie ~~) 63 
64 | 5 |786] 45.70|Main WeserBabn ...  . Smith 61 | 72 | 37 40 | 455 |1492) a « : 64 
| 
65 | 86 |73.6| 45.70 |Frank.-Bebr. Bn. and West. Bn. Steel 74 | 92 | 2 j27.9| 358 /1157] B ae | ba —— = os coupled and braked. See Nos. 9, 16, 34, 42, 43, 49,) /-. 
es | 84 |74 | 45.95|Frankfurt-Bebraer Bahn ,,,| ‘Smith | 72 | 96 94 | no [1945] 4 a i Beer |” 
67 | 40 |74 | 45.95 | Bergisch Mirkische Bahn ., ” 31 72 | 32 |62 723 |2371} A hee rr 3 - eee open to allow air to enter. } 67 
| Brake first applied by rear guard. by driver so soon 
68 | 22 |74.5/ 46.26 | Hannoversche Staatsbahn Heberiein | 50 | 72 | 36 |s1.6| 420 /1877| a 2 3 |} Bran tim teltetiect of brake. See No. 69, | |os 
| 
| Nors.—The reference numbers in these remarks refer to 
| Columns 1 and 17. 
—!| — SSS ea ee — -_ 
2 | 3) 4 5. 6. 7 | & | 9/20.) an | 12) 13 14. 15. 16. 17 
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Ocr. 19, 1877.] $i k- 
TABLE SHOWING ACTUAL PERFORMANCES OF WESTINGHOUSE, SMITH, HEBERLEIN, AND STEEL BRAKES ON THE MAIN-WESER RAILWAY, DURING THE 
EXPERIMENTS OF AUGUST 1 TO 4, 1877—(continued). 

nJ/2] 3] 4 5. 6. 7: % | 10.) 11, | 12.) 18. 14. 15. 16, 17. 
——_——— a 4 ae rm 

° he $ . 3 

é Bal 3 bs a| 3 Ei 

| as E 5: 

w | ss g| 6 [Ss 3 S 3 

g/#| BS| = ala} 2 | - io 

a2 ==] Q wer 2 = . 
, ‘ $3 sis i& E| 
: : : g NAME OF RAILWAY. 3 at 3 FS 3/3 3 i 3 REMARES, 

is} 3 ad “SS a i a 
ae lg] 2 £ gels lsdig| 2 |g sf OG : 
Siolal s s As) g Ze a ) Mr 
a A a ] ° < 8 = 8 a 
s|3| i a ofgceealdlala| 3 
2 £ he [he Z E 
3 E BIE % ES) & Sele als Z cc. 
ae mtres.| ft, 69 
69| 20 |75.0| 46.57|Hannoverschen Staatsbahn .,.} _ Heberlein 74 | 72) 53 (18 | 192 | 629] B 4 2 70 
70| 90 |75 | 46.57 |Main Weser Bahn eee «| Westinghouse | 77 | 72 | 55 {25.7} 309 |1013) A ove one 71 
71| 19 |75.5| 46.88 |Hannoverschen Staatsbahn .,.; Heberlein 85 | 72 | 61 /25 303 | 993] A 4 2 729 
72| 27 \75,5| 46.88 |Frankfurt-Bebraer Bahn Smith 52 | 72 | 87 \87 | 474 |1555|) A ove oe 738 
73| 61 |\75.5| 46.88|Bergisch Markischen Bahn Smith 56 | 72 | 40 |34 442 |1450) A om eon 74 
74| 77 \76 | 47.19}Frankfart-Beoraer Bahn pm Steel 87 | 72 | 63 |23 289 | 948) A 2 4 15 
75| 38 |76.5| 47.50 |Bergisch Markischen Bahn .., Smith 54 | 72 | 41 |36.6] 491 |1610| A _ x 76 
76| 7|77 | 47.81|Main Weser Bahn seals a0 ~ 51 | 72 | 37 |41 518 |1699| A wi ove F 
7i| 21 |77 | 47.81|HannoverschenStaatsbahn ...) Heberlein |... | ||| | a [A&B ie ee ee eee te ree owes 0 tem a 
78| 299 |77 | 47.81|Frankfurt-Bebraer Bahn _,.. Smith 55 | 72 | 40 [38 | 484 |1587) A . 78 
79\ 46 |77 | 47.81|Main Weser Bahn och ...| Westinghouse | 57 | 72 | 41 |28 320 |1049| B e . Sand applied to rail during stop. 79 
80| 63 |77 | 47.81|Bergisch Mirkischen Bahn ... Smith 54 | 72 | 34 (87.4) 476 |1561| A wi One of the hose was stopped epeiere ee eupertanens took place, 80 
81| 45 |77 | 47.81|Main Weser Bahn «| Westinghouse | 58 | 72 | 42 |34 | 408 |1338) A oo . Sand applied to rails during stop. See No. 79. 81 
82| 75 |78.4| 48.68 |Frankfurt-Bebraer Bahn J Steel 78 | 72 | 54 \27 | 352 |1154) A a os 82 
83| 92 |78.5| 48.68|Ostbahn ... * es z a 80 | 72 | 58 |26 | 361 |1184) A a * 83 
si! 80 79 | 49.05|Main Weser and Hann.  .;.| Westinghouse | 73 | 72 | 51 |25 | 327 |1079| B a i or Seafen couplet end eve Sop, Sie. 9 38, 04,08. #9} 84 
85| 14 |79.5| 49.87 |Hannoverschen Staatsbahn .., ” 68 | 72 | 49 |28 343 |1125) B 8 2 85 
86| 34 |79.5| 49.87 | Westfallischen Bahn .., . Steel 82 | 72 | 59 |28 | 362 |1187| B a pe 86 

The two unbraked cars were thrown off. Train com of 
87| 94 |79.5| 49.87 |Frankfurt-Bebraer and West. * 70 | 92 | 50 |20 273 | 895) B ae { Frankfurt-Bebraer Railway e and tender, and t cars >| 87 
. all braked, See Nos. 9, 16, 34, 42, 49, 56, 65, and 84. 
$8} 88 [80 | 49.68 | Frankfurt-Bebraer Smith 40 | 72 | 29 |48 569 |1866) A oes oon Vacuum reduced to one-third atmospheric pressure. See No, 87. | 88 
89| 55 |80.5| 49.99|Ostbahn .., ... - 70 | 72 | 50 |31 | 483 |1490) A { : : par 
90| 3/81 | 50.80|Niederschles. Mark. Bahn ...| Heberlein 62 | 72 | 45 |25 | 3887 |1105] B ind oe 90 
91| 32 83 | 51.52|Westfallischen Bahn .,, . os Steel, 83 | 72 | 79 |26 | 360 }1191| A 4 2 91 
92| 81 |87.6| 54.39 s Ps pes . 72 | 92 | 50 (27, | 392 |1286] B 2 2or3 92 
93| 9 93 | 57.75|Main Weser Bahn “ Smith 43 | 72 | 59 |47 694 |2276) B oa ons 93 
NoTE.—The reference numbers in these remarks refer to 
Columns 1 and 17. 

Tlajla | 4 5. 6. 7} 8.19 |10,| 1. | 42] 13 14. 16. 16. 17. 





















































section of line in 593 ft. and 16 seconds. No. 23 
forms a parallel contrast to this, when the Steel train 
at 40.46 miles an hour with 79 per cent, brake pres- 
sure, required 678 ft. and 18 seconds to stop on the 
level gradient. Only two stops of the second class 
were made, Nos. 2 and 62, these were with the 
Heberlein brake and call for no comment. 

Trials Nos. 3, 10, 14, and 29 were those of the 
third class, in which the driver whistled the guards 
to put on the brakes, at the same time shutting off 
steam, and applying the tender brakes, with the 
exception of No. 3, which was a Heberlein stop; all 
the others were made with the hand brakes, and are 
useful or interesting only for the sake of comparison. 
The fourth class, in which the driver applied the 
brakes as soon as he felt the effect of the guards’ 
previous application, is illustrated only by Nos. 59 
and 68, the former a Westinghouse and the latter a 
Heberlein train, Both made relatively good stops, 
but these were, of course, effected by the delay 
occasioned, ‘The break-away experiments are in- 
teresting, as far as they go, and are shown in 
Nos. 25, 31, 47, 57, and 60. Westinghouse, Steel, 
and Heberlein were subjected to this test. With 
reference to No. 31, the shortness of the stop is 
accounted for by the fact that the train was taken 
up the A section and broken on the rising gradient. 
All three of the brakes tried showed clearly their 
comparative efliciencies in pulling up a train in the 
event of a break-away. The vacuum brake, being 
useless in such a contingency, could not be tested in 
this way, The most important experiments of the 
series were those made with two or more trains 
coupled, and ten such are recorded in the Tables. 
Of these Nos. 9, 16, and 42 were made each with two 
trains coupled, and at comparatively low speeds of 
39 or 40 miles per hour. It will be noticed that the 
stops made are extremely good, No. 16 especially, 
which was on the down grade of the A line. 
Nos. 34 and 43 are trials with the vacuum brake, in 
each of which three trains were coupled. ‘The runs 
were made on the level section, but the stops were 
not good ones, comparing very unfavourably with 
those made by the same brake and the shorter 
trains, and indicating the increased slowness of 
action with longer trains. No. 55 is the stop made 
with the Westinghouse Main-Weser and Hannover. 
sche trains. ‘This was a remarkably good one, 
pulling up the train from 44.3 miles per hour in 
817 ft. and 21 seconds, the percentage of brake 
pressure 51, This may be compared with No. 65, 





a stop made by the Frankfurt-Bebraer and West- 
fillische trains coupled and fitted with Steel’s 
brake, which stopped them from 45.7 miles in 1157 ft. 
and 27.9 seconds, The speed is rather higher than 
the one just noticed, but so also was the percentage 
of brake pressure, In Nos. 84 and 87, on the other 
hand, the coupled Westinghouse train fell short of 
the Steel at a similar speed, and with a slightly 
higher brake pressure. Finally the experiments 
specially referring to the vacuum brake, Nos. 33, 
59, 68, 80, and 88, speak for themselves; they are 
interesting chiefly in affording information as to the 
efficiency of this system if partially disabled, 

With the reservation made by us in our previous 
article on this subject, there can be no doubt that 
these trials, carefully conducted and elucidated as 
they were, will prove of considerable service in 
solving the brake problem, not only in Germany 
but also in this country, and though it is evident 
that in the case of the Westinghouse, at all events, 
the best that system could do was not done, still in 
the deductions made, and published by us, their dis- 
advantages were partially though not wholly elimi- 
nated. One fact stands out clearly throughout the 
whole series—the promptness of action of the West- 
inghouse brake, especially at the higher speeds, and 
with the longer trains. 

With reference to the work itself, the highest 
praise is due to the German engineer who organised 
and carried out the experiments and prepared the 
report. As we have already said, the latter bears 
in all it pages the evidence of careful, judicious, and 
prolonged labour. Ithas been urged that the report 
is faulty in that it contains no recommendations as to 
the adoption of any special system, and in fact no 
expression of opinion as to the relative merits of the 
various brakes. But it was not within the province 
of the reporters to make any such recommendations, 
or to express any opinion, Their duty began and 
ended in arranging, conducting, and recording the 
trials, but their report will serve as a reliable guide 
to those officers whose early duty it will be to decide 
upon the nature of continuous brakes which shall be 
adopted upon German railways. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES 
ednesday. 


MIDDLESBROUGH, 
attendance 


W 
The Cleveland Iron Market.—Yesterday the 





on ’Change at Middlesbrough was equal to the i 
market day, but business was ominally there 


flatter. Ni 


was little difference in the price of pig iron, but as a matter 
of fact sound commercial can purchase more than 
they require at quotations lower than those based on No. 3 
selling at 40s. 6d. per ton. Week after week matters 
assume a more serious aspect. ape ped ‘com 
about the general depression in trade takes a gloomy 
view of the immediate future. Persons who have been 
engaged in the iron trade of Cleveland for a number 
of years declare that they never knew it to 
prostrate condition. They do not hesitate to 
short continuance of the ble state of things will end 
most disastrously not only to “‘ middle men,” brokers, and 
merchants, but to certain ironmasters, whom it was thought 
were in a position to bear almost {any strain that adverse 
circumstances — put upon them. this dark 
he North there are 105 in operation, and th ‘re aking 
e ere are » are 
pig iron at the rate of 169,000 tons per ren When it 
is stated that makers’ stocks stand at 228,000 tons, and 
that there are 31,000 tons in the Middlesbrough 
stores, it may be thought that the quantity of pi 
hand is enormons, but a moment’s coleaia m shows that that 
only exceeds by a trifle two months’ make. Knowing the 
risks in doing business at this critical time, most of the 
ironmasters sell their iron on the condition that it must be 
Fick plod ety The t problem to solve is the 
ength of time that trade remain in the languid state 
which has characterised it for the past eighteen months. 
Commerce has certainly been worse since aves ee 
and to the horrible conflict in the East is attributable that 
want of confidence which is universally manifested 
exhibited, especially in industrial centres. It is 


and 
believed that if a manent peace were arranged the effects 
om tendo woald bo ical, Schemes for making new 
works in various parts of the world which have been in 
abeyance would be proceeded with, money to any extent 
would be embarked in undertakings of all descriptions, and 
trade would rapidly revive. 
The Finished Iron Trade.—There is nothing new in the 
state of this branch of industry. 


The Coal and Coke Trades.—There is more inquiry for 
household fuel. 

The New Steel Works at Middlesbrough.—It is with 
out pleasure we announce that this morning (Wednes- 

y), Messrs. Bolckow, Vaughan, and Co., Limited, who 


iron on 


have been during the past two years in i 
steel works at Eston, brough, which anpe any 
in exjstence, rolled their first steel rails. The whole of the 


lant used from the running of the molten metal from the 
Fonaees to the production of the finished rail has now 
been tested with ble results. The output of rails 
with the present plant equals 1000 tons per week, and it 
is with t satisfaction we are in a position to an- 
nounce officially that Messrs. Bolekow, Vaughan, and Co. 
have some very large contracts booked, ient in fact 
to keep the works in full operaton for several months. 

ineering and Shipbuilding.—There is still a 

aeal work i asia thene Eonactintttte on tao taint 
rivers, but inquiries are not so numerous as they were. 
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THOMPSON'S IN ae ate aeons 

WE give below an engraving of Thompson’s indicator 
made c the Buckeye Engine pany, of Salem, U.S.A., 
this indicator having been specially designed to reduce as 
far as possible the weight of the moving parts and thus 
secure steady diagrams at high speed. In our engrav- 
ing the cylinder A and its surroundings are shown 
in section as well as the paper drum and the parts 
which carry it, but the two systems are cut on a@ 
different plane, that of the paper barrel being beyond 
that of the other, though the two planes are parallel. 
The stem 6 of the piston B is short and has a hollow trunk 
C screwed on it, inside of which the connecting rod D 
works, This rod D has on its lower end a head or 
collar, the upper surface of which forms part of a sphere 
while the lower is concave and concentric with the upper. 
An internal collar in the trunk C fits the spherical sur- 
face of the head on rod D, whilea stud e which is 
screwed into stem } of the piston has a hemispherical 
end which fits the concave surface of the head aforesaid. 
This stud can be adjusted out or in, to at any time take 
up lost motion or make the joint free as may be required. 
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This joint, being universal, allows the lateral vibration 
required for the parallel movement as well as acting 
as a swivel to allow the head piece T which carries 
the lever and parallel device to swing around and 
carry the marking point to or from the paper. 
The operation of the parallel movement scarcely needs 
explanation. The lever E which carries the pencil is 
tg to a swinging bracket F, while the link or radius 

ar G, being pivoted to the fixed standard H, controls the 
movement of E so that the pencil at g moves ina straight 
line, that result being secured by a proper location of 
the several pivots and a proper length for G, and the 
operation will be readily understood. 
are all made with taper steel pins and must work free. 
The spring S belongs between piston B and cap T and is 
fitted to screw on the threads¢ ¢. It is shown separate to 
avoid confusion. The rod D is screwed into the head A, and 
locked by a keeper nut d, which allows the connexion to 
be shortened or lengthened to accommodate slight varia- 
tions in the length of the springs, or to throw the pencil 
higher or lower on the paper according to the pressure 
or vacuum existing, &c. The spring of the paper drum 
is contained in the drum J, and its ends are hooked on 
studs kk, one of which is on the inner periphery of 
drum J, and the other on the boss of a milled edge 
flange K, so that by turning the flange the tension of 
the spring can be properly adjusted, the thumb nut L then 
holding it in position. The throad in the nut L is made 
right or left according to the hand of the instrument, it 
being made so that the force of the spring will tighten 
it. The spring is not shown, but the drum is adapted to 
the Seth Thomas clock-spring. The parts indicated by 
the other letters M, N, 0, P, Q, R, S are mostly identical 
with the Richards indicator, with which our readers 
are no doubt familiar. The parallel motion and lever E 
altogether only weigh a trifle over one-fourth as much 
as the corresponding parts of the Richards indicator. 
We have seen some excellent examples of cards taken at 
high speeds with this indicator. 





Roaps in New Sout WaxEs.—The expenditure of the 
of New South Wales on roads now amounts to 
/. per annum, 


colo 
780, 





The pivots ff 7 


REEVES’ EXCAVATOR. 

Tue employment of pumps in the excavation of sand 
and loose materials can now no longer be regarded as a 
novelty. Hitherto, however, in all applications of the 
principle of suction to this purpose the process has been 
slow in action, subject to frequent stoppages, and accom- 
panied by severe wear and tear of the machinery, conse- 
quent upon the lifting and shifting about, and also 
admission of sand and grit into the valve chambers of the 
pump. In the system illustrated the danger from this 
cause is removed by keeping distinct and detached the 
air pump and the sand tank. It is kept entirely above 
water, with the exception of a suction pipe through which 
the soil is drawn. The greatest facility for working is 
combined with portability, as the machine, being entirely 
contained within one barge, can be towed or warped into 
harbour during bad weather, or moved about readily 
from place to place. When employed upon wall or quay 
foundations the same advantages are secured by placing 
the apparatus upon a truck running upon rails. In sink- 
ing caissons or cylinders by this method, it is not neces- 


Fig J 


























sary in order to pump out the water to place a heavy 
air-lock and other weights at the top, and to maintain a 
bell full of compressed air in the bottom, nor is it 
necessary to leave large hollow spaces and shafts in 
the masonry or concrete for the conveyance of men and 
spoil materials, as are required under the pneumatic 
method. Regularity of subsidence is secured by the use 
of a flexible sand pipe, which can be directed into any 
corner of the caisson of however irregular form. 
Rapidity in sinking may be obtained by building the 
caisson almost solid, for, as already stated, the usual large 
air spaces and shafts are no longer required. 

Where the water is deep, and the cylinder to be sunk of 
small diameter, it is not necessary to carry the latter up 
above the surface of the water at once, but only to put 
together a length sufficient to prevent sand and silt from 
being washed into the cylinder by the scour of the 
currents. 

The apparatus has received a very extensive trial on 
the piers at the Tay Bridge, sixty having been sunk 
solely by this system. The foundations of these piers 
comprised in all 142 cylinders, varying in size from 6 ft. 
to 31 ft. 6 in. in diameter, and in some cases penetrating 
to a depth of 35 tt. below the river bottom in 50 ft. of 
tidal water. 

It has also been adopted for the Severn Bridge, and on 
a very large scale by the North British Railway Company 
at Dundee in filling up the vast waste behind the Dundee 
Esplanade with sand sucked up from the bed of the 
River Tay. 

By the employment of smalli grouped charges of 
dynamite or lithofracteur chalk and clay can be 
rendered sufficiently fluid to rise freely into the pump. 
The effect of such explosives on those substances being 
to convert them into a pulpy, slimy state, and not, as in 
the case of harder rocks, to shatter them into splinters. 





NOTES FROM THE NORTH. 
Giaseow, Wednesday. 
Glasgow Pig-Iron Market.—There was a somewhat 
steady market last Thursday forenoon, when a good busi- 
ness was done in warrants at 53s. 54d. to 53s. 5d. cash, 
also at 53s. 8d. to 53s. 7jd. one month, closing with 





sellers at the lower quotations, buyers very near. The 
afternoon market was quiet, and a small business was done 











at 53s. 74d. one month, closing sellers over at that pri 
and at 53s. 5d. cash, buyers id. perton lower. On Friday 
forenoon the market was flat, business being done in war- 
rants at 53s. 4td. down to 53s. 3d. cash, also at 53s. 6d. 
one month, closing with sellers at the lowest, and buyers 
very near. During the afternoon the market was again 
flat. Business was done at 53s. 3d. fourteen days, and 
the market closed with sellers at that price, and buyers 
1d. per ton less. Monday brought a still easier feeling, 
business being done in warrants during the forenoon at 
53s.1d. to 53s. cash, afterwards improving to 53s. 1d., at 
which latter quotations sellers remained at the close 
buyers offering 53s. Prices receded further during the 
afternoon, and business was done down to 52s. 10}d., at 
which price the market closed nominally—the amount lost 
during the day being 2}d. per ton. A reduction of 2s. per 
ton was announced by Messrs. William Baird and Co. in 
the price of their Nos. 1 and 3 Gartsherrie iron, and 1s. per 
ton in the price of their Eglinton brands. uctions 
ranging from 6d. to 1s. ton were announced in respect 
of certain other brands of makers’ iron. The warrant 
market was again dull yesterday, and prices experienced a 
further reduction to the extent of nearly 3d. per ton. In 
the forenoon the only business done was at from 53s. to 
52s. 9d. eight days, and the closing quotations were—sellers 
52s. 8d. cash, and 52s. 11d. one month, buyers 1d. per ton 
less. The quotations in the afternoon were from 52s. 7}d. to 
52s. 9d. cash, and the market closed—buyers 52s.7}d. cash 
and 52s. 9d. one month, sellers very near. A little more 
firmness was shown in the pig-iron market at the opening 
this morning, business being done in warrants at 52s. 10d. 
to 52s. 9d. cash, also at 53s. 1d. to 53s. one month, closing 
with sellers at 52s. 9d. cash to-morrow, buyers offeri 
53s. one month. The afternoon market was quiet, an 
business was done at 52s. 11d. one month fixed, closing 
buyers at that price, sellers 53s. one mouth, and 52s. 8}d. 
cash. The prospect of dearer money and the advance in 
the Bank rate last Thursday seem to have had a very 
depressing effect upon the warrant market. A somewhat 

business has been done, but notwithstanding that 
fact, prices have gone on declining daily, and have now 
reached a lower point than has been known since the year 
1870. The tone was exceedingly dull at the end of last 
week ; there has been no improvement since, and prospects 
at present are very far from encouraging. It should also 
be mentioned that the autumn shipping season is fast 
drawing to a close, while the demand, both home and 
foreign, is remarkably quiet. The principal just now in 
favour of iron is its cheapness, which is certainly a strong 
one. There is no change to report in respect of the 
number of blast furnaces in operation, the total in blast 
still being 87 as inst 116 at the same time last year. 
The total stock o: #) iron in Messrs. Connal and Co.’s 
warrant stores up ti t Friday night was 163,012 tons, 
thus showing an increase for the week amounting to 
604 tons. Last week’s shipments of pig iron from all Scotch 
ports amounted to 9455 tons, as compared with 11,049 tons 
in the corresponding week of last year. 


The Arbitration in the Clyde Shipbuilding Dispute.— 
So far as the action of the two arbiters in this case is con- 
cerned, they completed their task last Friday. They took 
very full evidence from the two parties in the dispute, and 
then heard the case of each party separately stated, after 
which they made their best endeavours to arrive at a com- 
mon understanding upon the whole question. But they 
could not agree, and they eventually left the decision in the 
hands of the oversman, Lord Justice Clerk Moncrieff, who 
returned to Edinburgh on Friday evening. It was con- 
fidently understood that the noble and learned lord would 
give his adjudication on the case this week, but it has not 
yet come to hand. With reference to the ironworkers in 
the shipbuilding establishments—boiler makers, platers, 
rivetters, frame setters, &c.—I should mention that  d 
have in the mean time withdrawn their demand for an ad- 
vance of 10 per cent. in the rate of wages, and many of 
them have this week'returned to their work. 


Purification of the River Leven.—The purification of 
the River Leven, Fifeshire, has been under the serious con- 
sideration of the trustees for some time; and at a meeting 
of that body (which was constituted many years ago by Act 
of Parliament) in the George Hotel, Kirkcaldy, on Satur- 
day last, it was resolved to lay a pipe to carry the polluted 
water to the sea, the estimated cost of which is about 
26,0007. It was also agreed to give the necessary instruc- 
tions to a bill, with the intention of carrying it 
through olenes in the ensuing session. The meeting 
was afterwards adjourned in order to enable the engineer, 
Mr. Sang, of Kirkcaldy, to complete his report from in- 
formation to be received from the mills which now form 
such a prominent feature along the banks of the river. 


Kelvin Valley Railway Company.—The directors of 
this one : om that the Act for vesting the under- 
taking of the Kilsyth Railway in the company peseod 
through Parliament unopposed, and received the Royal as- 
sent in May last. By this Act the company is empowe 
to abandon a portion of their authorised line, and to take 
over the Kilsyth Railway, and thereby obtains a better 
access to, and station at Kilsyth. They report that 90 per 
cent. of the earthwork and about 85 per cent. of the bridge- 
work is done. Seven and one-half miles of the permanent 
way are laid and partly ballasted, and some progress has 
been made in dressing slopes and with the other finishing 
works. The contractors expect the railway will be ready 
to open for traffic by the time specified in the contract, 
viz., April 1, 1878. This line will be of great use in de- 
veloping another important coalfield—that known as the 
Kilsyth and Kelvin Valley coalfield—and bringing its rich 
mineral treasures into Glasgow, from which they have 
hitherto been practically excluded owing to want of railway 
communication. Although ‘as an_ independent 
—— it is closely associated with the North British 
system, and doubtless it will eventually become part of it. 
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ON THE ACTION OF SCREW 
PROPELLERS. 


With some Notice of Certain Defects in the Forms in 
Ordinary Use and of a Mode of Construction designed 
to reduce these Defects.* 

By Mr. James Howden, Member,|I. E. and 8S. 

Ir may be asserted, without much fear of contradiction, 
hat during the last quarter of a century little or no pro- 
gress has m made in improving the efficiency of the 
screw-propeller. Increased experience has, no doubt, led 
more generally to a better proportioning of the surface and 
pitch of the blades for any special conditions, but no radical 
improvement has been made in the form or construction of 
serew-propellers during that period, notwithstanding the 
numerous efforts to increase the efficiency of the screw as 

a propelling instrument. It appears to the writer that this 

lack of improvement and waste of effort m owing 

chiefly to the fact that the defects which have been most 
persistently sought to be overcome, or corrected, are alto- 
gether or for the most part imaginary and not real, their 
conception having arisen from several prevalent erroneous 
ideas regarding the action of the blades on the water in 
which they revolve. One of these erroneous ideas almost 
universally prevalent to this hour is that of a centrifugal 
motion imparted to the water by the blades in their revo- 
lution. Much scheming and useless effort has, in conse- 
quence, been expended in twisting and curving the blades 





conclusions in regard to the action of the screw-propeller. 
We find that our technical literature on oe a 
is pervaded with these ideas, many instances of which will 
be found in the records of the tions of this and 
other institutions. What seems to have given rise to the 
greater part of these mistaken ideas in regard to the action 
of the screw-propeller is the leaving out of view when con- 
sidering the action of the propeller on the water in its 
revolution, its simultaneous forward progress with the 
vessel. I findin the Transactions of one society an elabo- 
rate paper on the screw-propeller, the action of which is 
evidently explained on the supposition that the screw is re- 
— without any forward progress being made by it. A 
careful study of the geometrical motion of any screw under 
actual working conditions would far to correct many 
such erroneous notions now widely prevalent. In the 
course of this paper I propose to show that the rene 
centrifugal action of the propeller blades does not and can- 
not exist under the pot conditions of a propeller 
at work, also that no large column or stream of water 
is thrown out from the propelling faces of the blades 
either backwards or éaguied y when the vessel is fully 
under way. The propeller blades in such a case can 
only in a very slight degree impart ~ motion backwards 
or otherwise to the water inst which they glide. In 
order to shorten this paper I shall, instead of now taking up 
these points in detail, go on to describe what appear to me 
the chief defects of the screw-propeller as now constructed, 





Fig.1/ 























a danox 
backwards and forwards or my in the attempt to 
prevent or overcome this suppo centrifugal motion. 


Another widely prevalent idea is, that a large loss of power 
effect is caused by propellers of the qullneay 


and propelling 
form driving the water on which their propelling faces act 
more or less angularly to: the line of the v ’s motion 


instead of directly astern and parallel therewith. Fre- 
quent attempts have also been made to neutralise or 
remove this supposed defective action by similarly twisting 
the blades, or by using iar forms. Another notion, 
somewhat akin to that last mentioned, is, that in pro- 
pelling the vessel forwards a large column or stream of 
water is thrown backwards at a great velocity by the 
thrust of the propeller blades. While this idea has also 
led to futile practical attempts to utilise this supposed cur- 
rent, it has, perhaps, more generally affected the theoretical 


* Read before the Institution of Naval Architects at 
Glasgow. 
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making reference to the points before mentioned as 
they naturally come up in the treatment of the subject. 
ience has pretty fairly shown that screw - pro- 
pellers are now generally made of judicious propor- 
tions in regard to the number and surface o' eir 
blades, and also as regards their pitch and outline, so 
that improvement must be ht for in some other di 
tion than these. The chief defects of screw-propellers as 
now made for ocean steamers are those, so far as I can dis- 
cover, which arise from the great weight and thickness it 
is necessary to make them in order to prevent their fre- 
quent breakage. The first and most essential quality in a 
peller is that of sufficient strength, and every other 
esirable quality must yield to this, if their retention is 
inimical to that on which the very existence of the ~ lier 
depends. To withstand the shocks and severe work of pro- 
ing an ocean steamer at a high speed ina pees een itis 
found that blades of cast iron or cast steel must be made of 
great thickness at the root and for a considerable distance 
outwards therefrom, as without this thickness the blades 
vibrate so considerably every revolution, that the material 
soon becomes crystallised on a given line more or less near 
to the root according to the outline or section of the 
blades, and breaks after a certain number of revolutions 
or vibrations. This great thickness of blade found neces- 
sary to give strength produces, or at least greatly increases, 
the following serious practical disadvantages: (1) A 
unproductive —_ of the engine power in 
ropeller itself; (2) retarding the progress of the vessel 
b increasing, in some ratio of the thickness of the 
blades, the reduction of the pressure of water under 





the stern of the vessel; (3) causing undue wear of the 


stern bearings in ordinary working, and injurious shaking 
of the afterpart of the vessel and rudder, and oat 
straining the propeller-shaft when the vessel is pitching 
labouring in rough weather. In considering the first-men- 
tioned defect, the undue absorption of engine power by the 
revolution of the thick blades of the propeller, I do not 
forget what Professor Rankine, Mr. Weeks, and others 
have pointed out that submerged ship-shaped bodies of 
different sectional areas, but of equal surfaces, will 
have practically equal resistances, if moved at a velocity 
which will allow the water to fall in behind as fast as it 
is displaced forward. Experiments, however, also clear 
prove that, at certain velocities, the water will fail to f 
in sufficiently fast behind, such bodies and the resistance 
to their motion will then be increased by the diminution of 
cg or the formation of a partial vacuum behind them. 
f we suppose the larger body to have twice the sectional 
area of the smaller amidships, the s required to form 
this partial vacuum will considerably less for the 
larger body than for the smaller, and after it is formed, 
the resistance therefrom will rapidly increase with each in- 
crement of speed, It is likewise a plain deduction that, if 
this partial vacuum behind each body were equal, the resis- 
tance to the motion of the body with twice the section woull 
be twice that of the other. en, as the velocity to pro- 
duce the same vacuity, or negative pressure behind, per unit 
of surface must be much greater in the supposed case of the 
body with its midship section only half that of the other, we 
can easily conceive that, at a certain equal velocity, the ne- 
ore pressure behind the smaller body will only be half that 
hind the larger body. The actual resistances in these cir- 
cumstances, and consequently the power —— over- 
come the resistances, will therefore be as 4 to 1, the —— 
section having double the area and twice the pressure of the 
smaller. Iam a to say at what velocity ~~ two 
bodies having equal surfaces and relative sections such as I 
have supposed, would have their respective negative pres- 
sures exactly two to one, but it is quite within the range of 
investigation. I may say, however, I have no doubt that the 
differences in the thickness of the blades of propellers of 
equal diameters could be made such that the relative resis- 
tances arising from negative pressure may be, when work- 
ing at the same velocity, 4 to 1, if not even of a still 
greater difference. In order to elucidate the subject 
more fully I will take the case of a propeller now in 
use in a large Atlantic steamer, the consideration of 
which, under actual working conditions, will also give 
me the opportunity of referring to the several generally 
received opinions regarding the action of the screw-pro- 
peller to which I have already referred. The dimensions 
of the propeller, I may remark, have been very slightly 
altered to avoid unnecessary fractions. This propeller has 
four cast-iron blades bolted on a spherical boss in the usual 
manner. Its diameter is 20 ft., an owe 27.77 ft., the boss 
being 4ft. 1lin. indiameter. Each e has 28 square feet 
of 8 The whole propeller weighs 174 tons. When 
this a is driven at 60 revolutions per minute and 
the slip is 10 per cent.—a slip which I may say, in passing, 
is rather over than under the average of the class of 
full-powered ocean steamships—the direct forward progress 
of the vessel and propeller is 25 ft. per second, or 14.8 knots 
r hour. This fap mera shown in Figs. 1, 2,8, and 4. In 
‘ig. 1a blade is shown on its flat with a section of the 
boss, and in Fig. 2 a blade is shown in section on a dia- 
meter of 6 ft. 8in. or one-third the diameter of the pro- 
peller. Fig 3 shows the propeller also sectioned on this 
diameter, and the —_ passage through the water which 
would be made by the blades at this diameter in one revo- 
lution, the slip being 10 per cent. Fig. 4 is a projection of 
the propeller at right angles to its axis in section through 
the centre line of each blade, or what I may term the mid-.° 
ship section of each blade. The thickness of cach 
blade, on this line of section, is 1} in. at the points, and 
ll in. at the root, measuring between the straight lines 
produced to the extremity at the outer end and to the boss 
at the other end, not taking notice of the rounding off at 
the tips, or the filling up curves where the blades join the 
boss. Let us now consider the various velocities of the 
blades at different points from the centre of this propeller 
when working at the speed before mentioned. At 5ft. 
diameter or quite close to the boss, the velocity of the 
blade through the water consequent on its revolution and 
the forward movement of the vessel, is 29.52 ft. per second. 
At one-third, or 6 ft. 8 in. diameter, it is 32.62 ft. per 
second. At nearly the half distance of the length of 
the blade from boss to extremity, or 12 ft. 6 in. in 
diameter, the velocity is 46.55 ft. per second; and at 
the extreme: diameter 67.62 ft. per second.* It must 


direc- | be evident that blades of the thickness shown passing 


through the water at these enormous velocities are far too 
full in their section, especially towards the roots, to 
permit the water to fall in behind sufficiently fast to ent 
the formation of a a vacuity. The section of water 
displaced by each blade from where it joins with the boss 
an area of 4.03 square feet, or 16.12 square feet in 

the four blades, and in each revolution of the propeller, or 
lod second of time, the amount of water displaced by the four 
lades is 661.5 cubic feet. The water dis by the boss 
must also be taken into account, and in the case before us 
the area of the boss bad 11 in.) less the area of the part 
masked by the cylindrical boss on the stern-post, say, of 
8 ft. diameter, is 11.947 square feet, which mul a by the 
actual distance 25 ft. passed through by the vessel per revolu- 


* The velocity or distance passed through the water each 
revolution by any point in the blade from the boss to the ex, 
tremity is simply stated by the formulan/ (27 )?+-(P - 8)? 
D. D being the distance passed through by the Dw 
each revolution, P the pitch of the propeller, and 8 the 
slip each revolution, or in other words : D is = hypotenuse 
of a right-angled tri 


pee gone ern base is = the cjrcum- 
ference of the circle of any diameter of the propeller, and 
the perpendicular is = the actual progress of the vessel 











rpen 
each revolution of the propeller. 
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tion is 298.675 cubic feet per second. The amount of water 
displaced by the propeller second is, therefore, 661.5+ 
298.675, or a total of 960.1 5 cubic feet. This great thick- 
ness of blade, involving as it must do a large amount of 
resistance, is, however, found necessary to give sufficient 
strength in cast iron to stand the Atlantic navigation, 
and the thickness must not be much less when the 
blades are cast in steel. I now come to consider the 
matter of slip, and in connexion therewith, the extent 
of the water set in motion backwards by the thrust of the 
serew, and to compare this with that of the dis ment 
of the blades themselves when working without slip. 
Were the vessel to maintain a speed equal to the pitch 
of the propeller, or in other words, were the screw to 
propel the vessel without slip, and the propelling faces of 
the blades a true screw, there would be, and could be, no 
motion whatever of the water backwards or sideways, due 
to the thrust of the propeller, because no motion would 
have been imparted in that direction by the revolution of 
the blades, and the only movement or displacement of the 
water that would then require to be considered would be 
that caused. by the blades themselves and the of the 
boss not masked by the stern-post. When slip occurs, 
however, there is a certain amount of water put in motion 
backwards by the propelling faces of the blades, but which 
when the slip is moderate, as it should be in all properly 
designed steamers, is trifling in amount when compared 
with that displaced by the les themselves in forcing 
their way through the water. In the case of the propeller 
under consideration, the actual motion given to any particle 
of water by the blades at the different diameters already 
mentioned consequent on the slip, are as follows: At 
20ft., where the bludes measure 22 in. across on the cir- 
cumferential line the motion is .812in.; at 12 ft. 6in. in 
diameter, where they measure 53 in. across, 2.44 in.; at 
6ft. 8in. in diameter, when the measurement across is 
52in., 2.53in. ; and at 5 ft. diameter, where they are 43 in. 
across, the motion due to slip is 1.83 in. The extent of motion 
due to the slip at any given diameter of the blades is ascer- 
tained by dividing the distance passed over by a point in the 
blade on the given diameter in one revolution by the length 
of the are of the circle on the breadth of the blade at that 
diameter. The quotient gives the number of times the whole 
breadth of the blade at that point passes over new surfaces 
of water in one revolution. Then, as the blade can only act 
continuously on any one particle of water from the time of 
its coming in contact with it at its forward or leading 
edge until it leaves the particle at its after or following 
edge, the whole extent of the motion which the water re- 
ceives when in contact with the blade is equal to the whole 
slip of the revolution divided by the number of times the 
distance passed over by the blade in one revolution is greater 
than the breadth of the blade. It must also be observed 
that the actual slip of the water is less than the slip of 
the propeller at any given diameter, in the proportion of 
the to the hypotenuse of a right-angled triangle in 
which the base is equal to the cireumference of the pro- 
peller at the given diameter, and the perpendicular equal 
to the pitch of the propeller. The diagrams Figs. 3 and 4 
show the amount which would be displaced by the blades, 
supposing the screw worked without slip, and also the addi- 
tional amount of water displaced by the es when subject 
to 10 per cent. of slip. The dark-coloured part represents the 
displacement of the blades themselves, and the lighter part 
the additional displacement due to the slip. It will be seen 
that the displacement caused by the slip is small in compa- 
rison with that caused directly by the Blades in their pas- 
sage through the water, and from the consideration of the 
diagrams it will be evident that when a screw propeller is 
working under proper conditions it cannot discharge a large 
column or stream of water backwards or angularly from 
its propelling face, as is so generally supposed, and that 
little loss of effect is sustained by this action of the pro- 
peller. It may be argued that the actual retrogression of 
the water caused by the slip may be greater than the mere 
loss of direct forward motion by the propeller, as the mo- 
mentum imparted to the water by the blade in passing over 
it may continue to give motion to it in the same direction 
for some distance after the blade hag passed. The continued 
motion from this cause is, I believe, quite unappreciable in 
extent. The whole motion of the water in the line of the 
vessel’s progress is small, and it must be noticed that the 
several amounts of motion already mentioned as conse- 
quent on the slip at the different diameters of the screw, 
represent the accumulated motion caused by the age of 
the whole breadth of the blade over a particle of water at 
any of these diameters as the leading edge of the blade 
comes in contact with the water in a state of rest ; currents 
caused by the vessel’s motion not being here considered. 
The mean amount of motion imparted to the water at any 
of these diameters, and the actual increase of displacement 
due to the slip, is therefore only half that of the accumulated 
motion. 

The propeller also as it revolves leaves the space behind 
each blade to be filled up by the contiguous water, and 
from the peculiar section of the bladeg—the body being as 
it were all on one side—the water will obviously fall in more 
readily from the propelling face than the rounded back, 
and thus tend to destroy any slight motion backwards im- 
parted to the water by the passage of the blade. 

Coming now to consider the effect of the revolution of 
the propeller at these high velocities in producing or in- 
creasing the negative pressure at the stern of the vessel, it 
is evident, I think, that a partial vacuum will be formed 
behind the blades, increasing in degree and volume from the 
extremities towards the roots, the boss also adding to the 
extent of the vacuum. This vacuum, more or less in 
degree, I have endeavoured to represent in the diagram 
Fig. 6, by the shaded behind each blade andthe central 
boss. As the thick roots of the blades and the central boss 
will tend to carry the water forward with them, the space 
behind, in which a partial vacuum has been formed, must 
be filled up chiefly from the outer spaces between the 
blades. As the water of replacement of the vessel having 





its current flowing aft, or at least falling in from the sides 
towards the propeller, the vacuity behind the propeller 
will be filled most readily from the water in front of 
it and immediately under the vessel’s stern, thereby re- 
ducing the quantity of water which would otherwise 
support the vessel and thus increase the negative pressure. 
I would, therefore, venture to say that the augmentation 
of the ship’s resistance, consequent on the action of the 
screw which Mr. Froude has so frequently directed attention 
to in his admirable papers bearing on this subject, is but ina 
slight degree due to the thrust of the screw, as has been as- 
sumed, and chiefly to the displacement of the water by the 
screw itself in its revolution, as I have endeavoured to ex- 
plain. Another element of considerable importance, in 
connexion with this subject, is the effect of the slip in in- 
creasing the detrimental action of the ller by increas- 
ing the extent of the vacuity behind the blade . This will be 
more apparent by reference to the diagram Fig. 5, which 
shows the different sections of water that would be dis- 
placed by the revolution of the blades at different per- 
centages of slip. The sy ope shows the displacement of 
= blade amy and ya the slip eek —— —— at 
slips varying from 10 to 50 cent, when revolvi 
and the vessel at rest. The displacements dann an 
those on a diameter of 6ft. 8in. of the propeller. It 
will be evident that the section of water scooped out, or 
displaced by the blades at different parts of their diameters, 
is amet as the slip increases, without reference to an 
backward currents. Rt appears to me, therefore, that all 
experiments made with a view to determine the amount of 
augmentation of resistance caused by the working of the 
screw under, or near to, the stern of the vessel, should 
take into account the nature or character of the propeller, 
and especially the blades, and also the amount of slip occur- 
ring during the experiment. I will venture to say that with 
two different screws of the same diameter and pitch, and 
iving the same forward progress to the vessel, results may 
e had where the augmentation of resistance to the ship’s 
progress due to the propellers will vary very materially, 
and also the power required to drive the propellers them- 
selves. From these considerations may I venture to suggest 
that another might be added to the various elements into 
which the “indicated thrust’’ has been divided by Mr. 
Froude in his paper, ‘‘On the Ratio of Indicated to Effec- 
tive Horse Power,’’ viz., the resistance due to the revolu- 
tion of the propeller itself, arising from the formation of a 
partial vacuum behind it. The introduction of this new 
element would, no doubt, have the effect of modifying the 
percentages of Nos. 2 and 3 of Mr. Froude’s force factors. 
Coming back for a moment to the subject of the centrifugal 
motion, supposed by many to be imparted to the water 
against which the propeller blades act in their revolution, 
I would remark that it has always been a matter of sur- 
prise to me to find such an idea so prevalent. I can only 
imagine it has arisen from seeing a propeller throwing the 
water up and around on first starting the engines when the 
vessel was at rest. This movement of the water by the 
blades, however, can no more be termed centrifugal motion, 
than the broken water lifted by an oar when rowing can 
be so termed. If the propeller were moving in air on its 
axis and forward at the same time, each revolution a dis- 
tance equal to its pitch, I consider the tendency to throw 
off radially any water adhering to the blades would not be 
great, but when fully immersed in water the tendency to 
set up such a motion of the particles in contact with the 
surface of the blades would be practically nil in any case, 
but if a partial vacuum be caused by the revolution of the 
propeller, this vacuum forming more extensively towards 
the centre of the propeller, as I have endeavoured to ex- 
plain, will cause the water to flow inwards instead of 
outwards. 
This paper bas far exceeded the limits I intended when 
I began to write it, though I have left out several points 
in connexion with the subject which I had proposed to 
touch upon. I will only, therefore, very briefly refer to 
an improved propeller which I designed about four years 
ago with a view to reduce so far the loss of engine power 
arising from the revolution of the screw itself and its 
effect on the ship’s progress. A propeller of the same 
diameter and pitch as the one I have in this paper referred 
to is shown in Figs. 7,8,and 9. The blades are steel forg- 
ings made by the Siemens process, which material appears 
to be admirably suited for the se and far preferable 
to forgings made of the bestiron. The blades are first 
machined all over and then bent ina cast-iron mould to the 
itch required. The cylindrical roots are finished in the 
lathe to a uniform diameter and taper, and the socket 
holes in the central boss being also accurately bored to 
correspond, the blades are thus interchangeable. Each 
blade is held by one slightly tapered steel pin, the holes 
being bored in the parallel with the axis of the shaft, 
and all at equal distances from the centre. A small detention 
piece fixed inside each a ge against the larger end of the 
steel ping securing the blade, prevents any possibility of the 
pins getting loose. The pin Poles in the boss are filled A 
with Portland cement after the magne been completed, 
making the boss perfectly smooth without any projections 
whatever, and the fastenings completely protected from 
the action of thesea-water. With this mode of fastening it 
is not necessary to make the boss so large in diameter as it 
is in the case of the other propeller, where the base of each 
blade must be of considerable diameter to give room for a 
sufficient number of studsand ruts. The bossis, therefore, 
only 4 ft. 4in. in diameter, and the thickness of the blades 
at their extremities is }in., and 4t in. at 3 ft. from the 
centre of shaft, or on the line of 6 ft. diameter of the pro- 
a. The total section of the four blades down to the 
is 6.45 square feet, against 16.12 square feet of the 
other propeller. The area of that part of the boss not 
soobent ter the 3ft. diameter of boss on the stern-post is 
7.68 square feet against 11.94 sq feet of the other -~ 
peller. The weight of the p er complete is | 
tons against 17} tons of the other. The blades are a 
up free of the as shown, so as to allow of a free pas- 








e to the water in front and around the boss to the s 
bebind it, in order to prevent as far as possible the — 
tion of any vacuity there. In Fig. 7 a blade is shown on 
its flat, with a section of the boss and the mode of fasten. 
ing the blades. Fig. 8 shows a blade in section ent cir- 
cumferentially on a diameter of 6ft. 8in. Fig. 9 shows 
the propeller also cut to this diameter, and the spiral pas. 
sage which would be made by the blades through the water 
on this diameter in one revolution, the slip being 10 per 
cent. as in the other propeller. The displacement caused by 
the blades and the slip is shown on the same scale, so that 
ay Sper can be made with the other propeller. I stated 
in the beginning of this paper what I considered were the 
chief defects of propellers as now made. The pro 
before you is a practical attempt to reduce these defects, 
and it remains for the results of actual trial to show how far 
I have succeeded in my attempt. 








STRENGTH OF BOILERS.* 


By Mr. J. Miron, Surveyor to Lloyd’s Registry of 
British and Foreign Shipping. 


(Concluded from page 293.) 


In proportioning the shell of the boiler to withstand the 
strains coming upon it, it must be remembered that it is 
not of uniform strength. Fairbairn appears to have been 
the first to have drawn special attention to the fact that 
the strength of a seam was less than that of a solid plate, 
and he carried out a series of experiments to determine 
the exact value of the seams in general use. The conclu- 
sions he arrived at were, that in a well-proportioned joint : 
1. The collective areas of the rivets are equal to the sec- 
tional area of the plate taken through the line of rivets. 
2. That the actual strength of joint was in direct propor- 
tion to the area of plate left between the rivet holes. 3. 
That the strength per square inch of the plate left between 
the rivet holes was considerably reduced in the case of 
single rivetting, and was slightly reduced in the case of 
double rivetting. 4. That in practice, the proportions to 
be safely taken as a standard of strength of such joints as 
were used in vessels requiring to be steam or water-tight 
was 70 per cent. for double-rivetted and 56 for single-rivetted 
joints. These experiments were made on plates only about 
+ thick, and the usual thickness of boiler plates then being 
only ¢ or ;s, the results were fairly representative of the 
usual practice of that time. Fairbairn in several portions 
of his “‘ Useful Information” states that the strength of 
single and double rivetting is 56 and 70 per cent., without, 
however, stating that this is where the pitch and diameter 
of rivets bear a certain proportion to the thickness of plate, 
and it accordingly became almost an axiom that these 
numbers represented the strength of any single and double 
rivetting. As, however, increased pressures and larger 
diameter boilers called for thicker plates, the proportion of 
diameter of rivets and pitch to thickness was not adhered 
to, the large rivets being difficult to properly clench, the 
consequence being that in many cases the joints became 
very weak, although they were firmly believed to retain 
the established strength of 70 and 56 per cent. From 
some experiments that Fairbairn made, he found that by 
properly crossing the seams the actual strength of a boiler 
with single-rivetted joints was 34,000 lb. per square inch, 
the crossing of the seams restoring nearly } of the strength 
lost at the joint, and it would be reasonable to suppose 
that a similar increase of strength to double-rivetted joints 
was given by crossing them. The experiments made by 
the Manchester Steam Users’ Association, and by Messrs. 
J. Elder and Company, do not however bear out this sup- 
position. In both these cases the joint broke, probably 
starting at its middle first, at a strain which shows that 
the crossing of seams did not materially strengthen them ; 
probably the plates used in Fairbairn’s experiments were 
much narrower than those in these cases, and of course the 
effect of crossing would be much greater with narrow 
plates than with wide ones. When flat plates such as 
the ends of the boilers, combustion box, surfaces, &c., are 
exposed to pressure they are subject to bending or buckling 
strains. To keep them in their form they are supported 
by stays. Now for the stay to support the plate its fasten- 
ing must be such as to be capable of resisting the pressure 
or force brought on it, and it happens with most of the flat 
surfaces exposed to pressure in marine boilers, that there is 
another plate directly opposite to it of equal area. If there- 
fore the two are connected by stays the pressures on each 
being equal they mutvally support each other. But we some- 
times see boilers made in me sy unequal surfaces are tied 
together ; here it is difficult to see how the larger surface can 
be adequately supported by the smaller. These flat parts of 
the boiler may fail in two ways, either the stays might be 
broken, or the plate might fail by buckling between the 
stays. In proportioning the stays, it is usual to neglect 
the rigidity of the plate, and to suppose that each stay 
sustains the pressure on the area which immediately sur- 
rounds it; and where the stays are carefully fitted, no 
doubt this pressure is the actual strain on the stay, but in 
cases where the stays are secured by pins some of them are 
often made slack, and will not sustain any load, throwing 
its proper strain onits neighbours. The plates between the 
stays are in a similar condition to a continuous girder, uni- 
formly loaded and supported at the points of attachment of 
the stays. Their strength to resist bending would be there- 
fore directly proportional to the square of the thickness, and 
inversely as the square of the pitch. Experimental data 
for the strength of these plates are very scarce. Fairbairn 
made some experiments on! flat plates, with stays pitched 
5 in. and 4 in. apart res ively, but from these two ex- 

riments no definite result as to the strength of plates with 

ifferent pitches and thicknesses of plates could be obtained, 
as they failed in entirely different ways. The e: ents 
made at Portsmouth, however, showed that with greater 


* Read before the Institution of Naval Architects, at 
Glasgow. 
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pitches than those used by Fairbairn, if the stays were 
screwed into the plates and simply rivetted over, the plates 
buckled or cupped round the stays, allowing them to be 
drawn through without injuring the thread, whereas if the 
stays were fitted with nuts, although the plates still 
buckled the stays held on, and they withs a greater 
pressure. The plates have the greatest bending moment 
on them along the lines joining the stays, and here I wish 
to point out another weak place to be found in very many 
boilers. Where separate combustion chambers are fitted 
to boilers, there is a side space between the different boxes 
of tubes, this is generally sufficient to allow a man to get 
between the tubes, and the front tube plate is stayed at 
each row of tubes. An example is before you in which the 
whole area of plate between the stays is subjected to pres- 
sure, but along the lines of stays where the greatest bend- 
ing comes about 70 per cent. of the plate is cut away. 

With regard to circular furnaces, I think it may be safely 
said that no one at present knows their actual strength. 
Some experiments on full-sized flues are greatly required. 
Fairbairn made a series of experiments on the collapsin 

ressures of tubes of different diameters, thicknesses, — 
engths ; the results were extremely valuable, as they 
showed conclusively that with the same diameter and 
thickness the strength decreased as the length increased. 
From his experiments he deduced a formula for calculating 
the strength of any flues, but ve as limits to the applica- 
tion of it that the length should not exceed 20 diameters, 
and also stated that in no case should the diameter exceed 
half that of the boiler of same thickness of plate to withstand 
the same pressure. It is to be observed of une experiments, 
that with the exceptions of Nos. 31 and 32, the results of 
which he himself rejected, only one, No. 20, was so short as 
2.5 diameters, or about the usual proportion of marine boiler 
furnaces, whilst its thickness was only about 4 that of the 
usual proportion. It therefore does not appear that we 
should be justified in rigidly applying Fairbairn’s rule to 
ordinary marine furnaces, without confirming its accuracy 
by experiments on actual furnaces. A rigid adherence to 
Foirbairn’s rule renders it necessary in some cases either 
to subdivide the furnace by means of rings, or else to use 
thicker plates than experience has shown to be advisable. 
Undoubtedly these rings strengthen the furnaces against a 
cold-water pressure, but they are objectionable on other 
grounds. ith the exception of Adamson’s seams they 
expose an extra row of rivets to the fire, they are a trouble 
to keep clean, and they mterfere with the accessibility of 
other parts of the boiler. Besides this, under certain con- 
ditions which often occur in practice, and to which I shall 
refer presently, they actually render the furnaces weaker 
than pen would have been without them. A novel form of 
furnace has lately been introduced by Mr. Fox, of Leeds. 
He rolls them into a corrugated form, and as they form a 
series of rings the strength of them is independent of the 
length, their strength being that to resist direct compres- 
sion. The patentee proposes to collapse one of these 
furnaces by hydraulic pressure, and also one of the usual 
form and dimensions ; the latter experiment will be very 
valuable as giving a check upon the accuracy of Fairbairn’s 
rule. The strength of the furnaces of the common vertical 
donkey boiler deserves very careful attention. This class 
of furnace is usually of very small length compared with 
the diameter. They are made with single-rivetted lap 
joints running their whole length, and are usually of $ or 
‘; plates. As this form of boiler has a very small amount 
of heating surface as compared with the firegrate it is 
essential to keep the plates thin. "When this form of boiler 
was first introduced they were of small size and no doubt 
sufficiently strong, but of late years the demand has been 
for larger boilers and greater steam pressures, and they 
have so to speak overgrown their strength. With increased 
sizes and pressures the shells have been made stronger, but 
the furnaces are still made of same thickness of plates as 
before. The fact appears to have been lost sight of, that a 
circular flue exposed to external pressure is subjected to a 
compressive stress of equal intensity to the tensile stress 
which an equal pressure applied internally would produce, 
and notwithstanding that wrought iron is weaker to resist 
compression than tension, we often find the outside shells, 
which are only a few inches larger in diameter t the 
furnaces, made of 3% plates double-rivetted against 7, single- 
rivetted furnaces. Fairbairn distinctly states that if the 
furnaces are of the same thickness as the shell of the boiler 
they should not exceed } or 2 of its diameter. We find 
some of these furnaces with a row of screw stays inserted 
about the middle of the length, this is evidently to bring them 
within Fairbairn’s formula, although it cannot strictly 
apply to them. Other makers again put screwed stays 
widely pitched all over their large furnaces; but these 
wide pitched stays are a doubtful addition to the strength. 
If the thickness of the plate is only sufficient to safely 
resist the direct compression caused by a pressure lower 
than the intended working pressure, it is manifestly wrong 
to think that putting in a few stays will enable a higher 
pressure to be carried, for they will throw a bending stress 
on the already sufficiently loaded furnace plate. The 
proper way to stiffen them is, in my opinion, to stay them 
nearly as closely as if they were flat plates of same thick- 
ness. The circular sides of combustion chambers are a 
parallel case, and these it is almost universal to find are 
Stayed at about the same pitch as the other combustion 
chamber flat plates. 

I think I have shown, that in many of the marine boilers 
of the present day there exist abnormally weak points, 
which make their actual margin of safety much less than 
their supposed one, and yet with their sometimes very small 
margin 0} — they run with perfect safety ; and this 
shows to my mind that, if we can be sure that boilers have 
& certain actual factor of safety which may be much less 
than the one that is at present considered requisite, they 


will be perfectly safe from all ordinary mishaps. But there 
boilers are subject to which are, 
much greater than any which the 


are certain strains which 
under certain conditions, 








working pressure can bring upon them, and which are 
altogether independent of the factor of safety employed. I 
mean the strains brought upon the boiler by the unequal 
expansion of its different parts. i wrought-iron 
plates if let free from stress expand, . of their linear 
dimensions for each degree Fahr. increase of tem ture. 
Also if the plates are subjected to stress they alter in ~~ 
a certain amount according to the quality of the iron. The 
more ductile irons altering more for the same amount of 
stress. Taking as the mean value of E, 29,000,000 (the 
value given by Rankine) we find that a stress of 186 lb. per 
square inch will give the same alteration in h as 1 deg. 
Fakr. If, now, the ends of a plate gre rigidly fixed so that 
it is —— of altering its length, an increase of 1 deg. 
Fahr. will subject it to a compressive stress of 186 lb. per 
square inch, and a decrease of 1 deg. to a tensile stress of 
equal intensity ; and it is to be observed that these stresses 
are totally independent of the sectional area of the plate. 
Now, in the case of a furnace, the portion above the fire, 
especially when coated with even the thin enamel of scale 
which is necessary to preserve it from corrosion, must be 
considerably hotter than the portion below the bars. Hence 
the top of the furnace tends to get longer than the bottom. 
If the end fastenings of the furnace were so rigid as to main- 
tain the top and bottom of same length, the = would have 
to be compressed and the bottom stretched, and every diffe- 
rence of a degree Fahr. in the temperature would produce 
a compressive stress in top and a tensile stress in bottom of 
93 lb. per square inch. But actually the end fastenings 
are not so rigid, and the strains ca‘ by the unequal ex- 
pansion are not distributed from top to bottom by the ends 
only, but also in a great measure by the resistance to 
shear of the plate, and hence the greatest stresses come 
at the middle of the length of the furnace. Also it is 


evident that these strains are not uniformly distributed, | jin, 


and hence their maximum must be ter than their 
mean, and with a great difference of temperature the 
stresses reach a hi . Now, by putting rings in the 
furnaces, the whole strain on the plate has to be Corns by 
the reduced sectional area thro the rivet holes, or at 
the parts which are weakened by ing when Adamson’s 
ring is used ; and in these instances the rings have made the 
furnaces: actually weaker than Sy were before, although 
their object is to strengthen them. In one steamship a num- 
ber of the furnaces, fitted with Adamson’s joints, actually 
tore through the bottom at the flanging the first time 
steam was raised. The only way to strengthen furnaces 
from such strains is either to prevent the difference of 
temperature, or else to allow the crown freedom to expand. 
The Bowling ring is oa to give certain freedom to 
expand, but the amount of spring in this ring, as compared 
with the stress which 
The better way is to 
tube-plate with a large radius. The radius usual with 
Adamson’s ring is very much too small to allow any ap- 
preciable spring to take place. In Fox’s furnace the great 
number of corrugations will, no doubt, allow the ex- 
pansion to take place without bringing any great stress on 
the furnace. 

Next take the case of the shell of the boiler. In raising 
steam and for a long time after steam is up, the water in 
the whole of the boiler below the firebars remains cold 
unless some special means is employed to circulate it, while 
above that level it is at the temperature of the steam. The 
shell bottom is therefore ~ y cold, while the shell at top, 
tops of furnaces, stays and tubes are at or above the 
temperature of the steam ; and, as in the case of furnaces, 
these portions tend to expand more than the bottom, 
bringing a compressive stress on the top portions of boiler, 
and a tensile stress on bottom. But as the sectional area 
of — portion exceeds that of lower parts, so do the 
tensile stresses exceed in intensity the compressive ones 
(the difference in temperature of steam at 70 lb. pressure 
and the feed water at 100 deg. is 216 deg. Fahr.), and the 
stress is so severe that it is almost universal to find the 
ring seams at the bottoms of the boilers to be so strained 
as to be leaky, whilst the longitudinal seams are for the 
most part tight, showing conclusively that these ring seams 
have practically much ter forces to resist t the 
longitudinal seams, and we accordingly find most makers 
double rivet these joints, although resist cold water 


strains single rivets would be more than sufficient. In | Go, 


several boilers (mostly double-ended boilers) these stresses 
have been so severe as to actually fracture the plate 
between the rivet holesin thering seams. To reduce these 
strains we must use a soft ductile iron, which allows a 
iven stretch with less stress than a hard plate; and 
farther we must make the strength of the circumferential 
seams as nearly as possille equal to the solid plate, or we 
must provide for such a circulation of the water in the 
boiler as will prevent this difference of temperature from 
coming on the material. With to the first point, I 
think that there can be no doubt that Landore steel, which 
is coming into use for marine boilers, will prove itself the 
best possible material which can be used, not only from its 
increased strength, but also from its great ductility. 

With regard to the circulation of the water several plans 
have been adopted. For instance, some engineers fit a 
suction to the donkey from the bottom of the boiler, and 
having first raised steam in the donkey boiler, as soon as 
fires are lit start the donkey pumping from this suction 
back into the boiler again, and keep it going until the water 
is thoroughly heated at the very bottom of the boiler. Then 
again we have Weir’s circulator which also requires steam 
to be first raised in the donkey boiler. in, upright Gal- 
loway tubes are placed in the combustion c 
late the water from the bottom of boiler to the top, whilesome 
engineers have fitted copper pipes in combustion chambers for 
same as the Galloway tubes; others have formed 
upcast shafts of the spaces between the combustion chambers 
by plating over the spaces between the back-tube 
and back-chamber plates of contiguous boxes. I will not 
pretend to say which of these plans best effects the object, 


mbers to circu- | * 


but it is evident that of two | men which give equal results, 
the one provided for in the design of the boiler must have 
preference over one requiring any special attention on the 

of the engineer, such for instance as getting up steam 
ina donkey boiler, for the first must always be acting 
when getting up steam, while the other will probably be 
used only while the chief engineer is under the immediate 
eye of the superintendent. 





FOREIGN AND COLONIAL NOTES. 

Steam Navigation in the United States.—The steam 
navigation interest of the United States has just held a con- 
vention at Pittsburgh, Pennsylvania. It was that 
vigorous efforts should be made to secure amendments in 
American steamboat laws in the next session of Congress. 
A committee was appointed to consider the practicability 
and probable expense of removing certain bars in the Ohio 
which interfere with navigation. A similar resolution was 
adopted as to the improvement of the Mississippi from the 
Missouri to New Orleans. A committee of three was also 
appointed to investigate the light and signal service, as now 
applied to lake and river navigation. 


_ South Australian Telegraphy.—An overland aeons 
line from Port Augusta to the western boundary of South 
Australia was completed July 16. The length of the line is 
760 miles, and it cost 67,5001. ; the poles throughout 
are of iron, and are 19 ft. long ; the line is carried through 
several hundred miles of desert country. It was expected 
that the Western Australian portion of the work would be 
finished about the end of September; communication 
between Adelaide and King George’s Sound would then be 
completed, and all the Australian colonies would be united 
by telegraph. The South Australian portion of the new 
ine was divided into two sections for construction purposes 
viz., from Port Augusta to Fowler’s Bay, 530} miles ; an 
from Fowler’s Bay to Eucla, 230 miles. Mr. Walter 
Thomson, of O’ oran Hill, was contractor for the first 
section. The South Australian Government was, however, 
unable to induce any one to tender for the second section ; 
the Government had, therefore, to undertake the work, 
which was carried out under the superintendence of Mr. R. 
B. Knuckey, honourably know in connexion with the 
establishment of the Adelaide and Port Darwin te h. 
The whole of the materials for the second section to be 
carted from Fowler’s Bay, and before Eucla was reached 
the constructors had to pass over two absolutely waterless 
tracts of country, 130 miles and 50 miles in length re- 
spectively. 

Locomotives on the Central Pacific.—It appears that ° 
twenty-five additional engines were placed last year upon 
e Pacific Railroad. 


roduces it, is very small indeed. 
| soe the furnace crown on to the | *he Central 


Geelong and Colac Railway.—A line from Geelong to 
Colac, in Victoria, a distance of 50} miles, has been re- 
cently inaugurated. At the Colac railway station an 
address of welcome was presented to his excellency the 
governor, who replied in appropriate terms and declared 
the line to be duly opened for traffic. 


The St. Gothard Tunnel.—The Swiss Federal Council 
has addressed a circular to the governments of the cantons 
interested in the construction of the St. Gothard Railway. 
The object of the circular isto call attention to the sensib 
progress which has been made in the establishment of the 
tunnel during the fifth year of its construction, as com- 
pared with yoveeding years. The circular states that if 
no unforeseen obstacle should present itself, the tunnel will 
be completed within three years. 


Coal in Pennsylvania.—The agare production of 
coal in Pennsylvania, to A t 25th this year, amounted 
to ma te yer _ - A. wy a tons in the corres- 
ponding period o . @ production accordingly in- 
— this year to the extent of 1,880,123 tons. y 
American Mechanical Industry.—The National Tube 
Works Comasny. at McKeesport, Pennsylvania, have re- 
cently manufactured some tubes 15inu. in diameter and 
82 ft. long; they are intended for a steamboat now being 
onan mon ep a wateet Water Board has 
a a contract for supplyi in. pipes for a portion 
of the Sudbury River Works Ss ieenee, ba Newman and 
oe vidence. A steam ~~ ing engine, in- 
tended for the Frankfort Water Works, Philadel hia, has 
been completed by Messrs. Cramp and Sons. The engine 
was built at the contract price of 46,000 dols.; it has a 
pumping capacity of 10,000,000 gallons per day. A 
mammoth sugar mill, which has been in process of manu- 
facture for several months at Farrell’s f at ia, 
Connecticut, for a Cuban firm, was compl last month, 
but no vessel has yet been found enough to transport 
it to Cuba. The mill is the largest in the world, weighing 
300 tons, and costing 30,000 dols. in gold. The same works 
are also ing two vacuum pans, each capable of holding 


10 tons of sugar, and weighing 50 tons. Each requires 
two pneumatic engines, which are to cost 24,000 dols. and 
20,000 dols. respectively, and are to be finished very shortly. 


The Jackson and Sharp Company, of Wilmington, Dela- 
ware, have completed a narrow gauge palace car for the 
royal family of Norway. It is similar in many respects to 
a car built last year by the same firm for the Emperor of 
Brazil. The lan and Hollingsworth Company, of 
Wilmington, Delaware, have completed a ferry-boat named 
the Columbia for the West Jersey Ferry Company. 


Coal in Japan.—A coal mine has been discovered near 
the Islucari river, in the Yezo district, Japan. The deposit 
is to yield about 400,000,000 tons, and the quality 
of the coal is excellent. Many years must elapse before 
Japan can exhaust all this coal wealth if its importance has 
not been exaggerated. 


Turntables in France.—Some turntables 20 ft. in dia- 
meter have been recently contracted for in France at 





151. 12s. per ton. 
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Redwood, Petersburg Ist 10 10 
- 2nd 14 © 
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Finland deals ........000008 I2 © 
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n H. 8. deals ... 8 © 10 
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COQUILLON’S GRISOUMETER AND 
CARBUROMETER. 


For determining the existence of ge in 
collieries the miner is in general simply guided by 
the nature of the small blue flame of his lamp when 
reduced to a minimum, which, however, varies ac- 
cording to the lamp in use. This method of opera- 
ting is far from precise and furnishes unreliable 
results, most lamps giving no indications whatever 
when the proportion of noxious gas is below one, 
two, or even three per cent., and besides the height 
of the blue cone differs not only in lamps of different 
construction, but even in individual lamps of the 
same type. An endiometric process can alone 
furnish exact results, but, as is well known, this is 
far from a practical operation. When it becomes 
requisite to analyse the gases of furnaces the diffi- 
culties encountered are still greater. 

M. J. Coquillon, feeling the want of an efficient 
method for obtaining these results in a satisfactory 
manner, has invented an apparatus which he desig- 
nates, according to the use to which it is to be put, 
as the grisoumeter (grisou being the French word 
for fire-damp) or the carburometer, the first for use 
in collieries, the second for furnace practice. 








Fie. 1. 


The principle of the instrument is based on the 
property of palladium wire when heated, to burn 
the last traces of hydrogen contained in any carburet 
when supplied with sufficient oxygen for its 
combustion. The reduction in volume resulting 
from this combustion is proportionate to the 
quantity of the protocarburet, so that a properly 
graduated gauge furnishes at once the proportion of 
gas consumed. 

The formule of this act of combustion are : 

C*H*+80 =2C0*+4HO 
4 vol. +8 vol.=4 vol.+8 vol. 
or simply 1 vol. +-2 vol.=1 vol.+2 vol. 

This is equivalent to stating that one cubic centi- 
metre of protocarburet furnishes by its combustion 
one volume of carbonic acid and two volumes of 
steam, which last disappears in the shape of dew, 
80 that for one volume of the burnt gas the reduc- 
tion becomes equal to two volumes.~ It would be 
equal to three volumes if the carbonic acid were 
absorbed. One volume of bicarburet would give 
two volumes of vapour of water and two volumes 
of carbonic acid. 

This principle being understood, we proceed to 
the description of the grisoumeter, two forms of 
which are made, the first for employment in a 
portable form for use inside the mine, the second 
more complete, and destined for the office or labora- 
tory. Small bottles to carry air from the mine are 
= connexion with the latter form of instru- 
men 

Portable Grisoumeter —This consists of a central 
tube called the burner, Fig. 1, A, narrowed in the 
middle and graduated into spaces of equal capacity ; 
the lower end is open, the top closed by an india- 
rubber stopper carrying two holders for the conduct- 
ing wires, and whose lower branches press down the 











palladium wire, A third opening is left in the 
stopper to receive a small wooden plug or a glass 
a This first tube is surrounded by a glass sheath 
or cylinder B, closed at the top by a rubber disc 
having an orifice which closes by means of a plug. 
To the lower portion is adapted a diaphragm contain- 
ing water, which is elevated or depressed by means of 
a screw on the principle of the Fortin fevcanster, 
Next to this first portion of the instrument is placed 
a second one, which consists of a Planté’s condenser, 
the poles of which are attached to the two holders 
of the burner. A lateral screw acting 7 pressure 
starts the current and heats the wire at the desired 
moment. When an analysisis to be made, the inner 
tubes being full of water, the screw is lowered, so 
that as the liquid descends it is replaced by the air 
of the mine. The volume is so adjusted that the 
levels of both the tube and sheath are on the same 
horizontal line opposite the zero of the scale. 

The burner is now closed while the outer sheath 
is left open. The electric current is started and the 
wire heated to redness. The gas is rapidly burned, 
and after giving time for cooling, the water is seen 
to rise more or less in accordance with the quantity 
of gas burned. The two water levels are readjusted 
by means of the bottom screw to equalise the pres- 
































sure, and the division of the scale opposite the sur- 
face level read off. This instrument gives in one 
reading the amount of protocarburet in hundredths, 
but does not apply to quantities of the same exceed. 
ing five to six per cent. This would be useless 
practically, as at this point the miner’s lamp is full 
of fire and he himself in the midst of a detonating 
compound, In order to determine by analysis higher 
percentages of protocarburetted hydrogen, or for 
more exact results, the stationary grisoumeter must 
be resorted to. 

Stationary Grisoumeter.—The principle of this form 
of apparatus is based on Professor Deville’s double 
flash. It comprises, first a vertical glass tube, Fig. 2, 
A, or gauge, the top of which is branched in T shape, 
two cocks being slepted to the horizontal branches 
of the T. The lower portion of this tube is con- 
stricted and carries ten divisions, each of which 
may be subdivided into ten others; it is bent at 
right angles and attached to a rubber tube fastened 
to a flask used as an aspirator or blower. The 
pa rgd of the tube measured from the cock is 25 
cubic centimetres, and the zero of the scale is 
indicated at the bottom. This is the point that 
must be reached by the gaseous volume when 
no protocarburet is contained in the instrument ; 10 
is marked near the bulge, each division being equal 
to $ cubic centimetre. The second portion of the 
apparatus is the burner B, formed by a small thimble- 

ped tube closed by a rubber copes — by 
two holes into which are introduced the holders for 
the ium wires. Laterally are adapted small 
i tubes which by means of rubber tubing 
ow of an attachment on the one side to the 
fange and on the other to the following bell glass. 
is last, C, is capped by a capillary tube bent at 


sheath closed at the bottom and filled with ‘water. 
The whole apparatus, as well as the corks, is in 
glass, and is mounted on a stout wooden board so 
as to protect it from accident, A small box con- 
taining 10 small tubes filled with water is accessory 
to the apparatus, these being filled when desired 
with the air collected in the various levels of the 
colliery and destined for analysis. 2 
The use of the stationary grisoumeter is v 
simple. The bell glass surrounded by its cylinder 














right angles and surrounded by a glass cylinder or 





is filled with water to a determinate or fixed point ; 
the gauge tube is also filled with water. The 
burner and capi tubes are left full of air. One 
of the small tubes from the box is now attached in 
such a manner that one end plunges into a tumbler 
full of water while the other or taper end is con- 
nected by means of a rubber tube to the anterior 
end of the gauge. One of Mohr’s forceps closes this 
rubber tube at the desired height. 

In order to introduce 25 centimetres of gas into 
the gauge, the left cock is opened and the force 
pressed by the right hand, while the left hand h 
the flask so as to be able to raise or lower it at will. 
The gas passes from the conico-cylindrical tube into 
the gauge, and must be made to coincide with the 
zero of the scale as indicated by the water level. 




















Fic. 3. 
This being cone, the left cock is closed and the right 


opened, and at the same time the palladium wire is 
heated to redness. The gas is to circulate two 
or three times over the palladium by the motion 
gre to the flask. After waiting until the burner 
cooled down, the is returned to the 
and the scale read off. This last. ts 00. quelamed 
as to indicate at sight 100ths and 1000ths of proto- 
carburet or of bicarburet. A few simple precautions 
are necessary in making use of the grisoumeter. 
The cocks must be often verified and to 
avoid leakage ; the rubber tubes must be tightened 
on the glass tubes by thin brass wire twisted by 
means of gt the readings from the scale must be 
taken with the level of the flask and burner on 
same horizontal line, The spiral of palladium wire 
must be placed in the axis of the capillary tubes, 
three or four spires being sufficient according to 
the thickness of the wire. It is best to use water 
more or less impregnated with salt or hydrochloric 
acid to diminish the solubility of the carbonic acid 
resulting from the combustion, 

A short ay pear Fre, ee ey" is all that 
is required to thoroughly understand its manage- 
ment. When the gaseous mixture to be analysed 
contains more than nine per cent. of protocar- 
buretted hy mn it becomes necessary to admit 
a supplement of air, so as to furnish the necessary 
amount of oxygen for complete combustion, When 
this addition is of a known quantity, a very simple 
calculation gives us the proportion of the proto- 
carburet present. 

Carburometer.—At the present time, when gas fur- 
naces are taking so great a partin the economy of 
metallurgical processes wherever high tem 
are required, one of the most important problems to 
be solved is that relating to the composition of the 
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contained in the fuel as regards their contents 

in carbonic oxide, hydrogen, and hydrocarburets, 

as well as of the constituents of the escaping gases 

which alone give us the measure of the degree of 

perfection of the combustion operated. Until the 

ent time no practical apparatus had been devised 

or a rapid and separate analysis of gases, so that 

M. Coquillon may be said to have rendered a service 

to metallurgists by this his latest invention, the 
carburometer, 

The general principle of this instrument is the 
same as that of the grisoumeter, the hydrogen and 
hydrocarbons being determined by means of com- 
bustion in contact with palladium wire, while all the 
other constituents are absorbed by special solvents. 
The instrument comprises, as does the grisoumeter, 
a first gauge tube placed vertically, but having a 
capacity of from 50 to 100 centimetres, carrying at 
- a T capillary tube with a cock on the left branch. 
The right branch is prolonged horizontally, and has 
a cock at its extremity. Three vertical tubes with 
cocks connect this horizontal tube with three bell 
glasses surrounded by cylinders in which absorbents 
are introduced. This same horizontal tube is 
attached to the burner, and is followed by a bell 
glass surrounded by its sheath just as in the grisou- 
meter. All these portions of the apparatus are 
mounted, like the other apparatus, on board for 
security. 

The first bell contains a solution of potassa, the 
second pega of potash, and the third a solution 
of chloride of ammonia copper. The air must be ex- 
cluded as much as poasib e from these solutions, 
which is best done by means of stoppers on the glass 
cylinders pierced by two orifices, one of which 

lows the passage of the reaction bell, and the 
other can be closed by a plug which is only drawn 
when an operation is performed. The solution of 
potassa will keep a long while, but the others 
need renewing when saturated and viscous. The 
best mode of obtaining the copper solution is by 
introducing a piece of pew wire cloth in the 
bell into a solution of chlorhydrate of ammonia. In 
the other bells small bundles of asbestos are placed 
in order to increase the surface contacts, 

The analysis of a complex mixture of gases by 
means of this apparatus besemes quite an easy 
matter; the following gases being successively de- 
termined, viz, carbonic acid, oxygen, carbonic 
oxide, hydrogen, hydrocarburets, and nitrogen. 

Let us take, say, 50 cubic centimetres of mixed 
gases and pass them successively through bell No. 1 
containing the potassa ; the carbonic acid will 
be retained ; then through bell No. 2 to get at the 
oxygen, then through bell No. 3, which gives us the 
carbonic oxide. The carburets and the hydrogen 
remain yet to be determined. For this purpose we 
po | take 25 cubic centimetres of the gaseous mixture 
and add 25 cubic centimetres of air if we have 
reason to believe in an insufficiency of oxygen for 
combustion, this we pass through the burner in con- 
tact with the incandescent palladium. Five to seven 
minutes later the diminution in volume will indi- 
cate the amount of water vapour, or of hydrogen, 
while the balance through the solution of 

will furnish the carbonic acid. It is ad- 
visable to force the gas two or three times through 
the last bell and the potassa so as to be sure that all 
the carbonic acid has been expelled from the burner. 
The final residue can only be nitrogen. 

Fig. 3 represents a carburometer with only one 
bell, this being its simplest form when carburets un- 
mixed with other gases except air have to be de- 
termined. 

The gases to be analysed are collected in suction 
flasks united to the source of production by means 
of a tube which must at first be deprived of the air 
it contains by means of an aspirator, after which it 
is united to the flask. This is carried to the 
laboratory, and at once put into congexion with the 
carburometer. 

For heating the 


liadium, Bunsen elements may 
be used; but M. Bo 


uillon prefers the secondary 
apparatus of Planté, this being sufficient for keeping 
up incandescence for six to yw minutes. With a 
small apparatus twelve to fifteen analyses can be 
effected, and when exhausted it can be charged anew 
by placing it in contact with a battery of four small 

d cells, or the poles of two Bunsen cells, 
which may be charged once a week by simply placing 
ae water round the zincs. hen employing 

lanché elements it is necessary to be very caref 

never to invert the poles, which is avoided by 
noticing the sign + near the wire, which is the one 
to be put in contact with the carbon or copper. 


The grisoumeter has lately been practically applied ~~} r 
Aneroid.| No. | Aneroid. No. 


with excellent results in several important collieries 
both in France and Belgium. There is no doubt 


that the fearful accidents in coal mines may be | 
reduced to a minimum by the more general use of | 


such an instrument, which any intelligent foreman 
can be taught how to manage in less than half an 
hour, and for which M. Coquillon has certainly 
deserved considerable credit. 

In one of the collieries where experiments were 
tried only a few days ago, and where the miners 
thought themselves perfectly safe, 4 per cent. of gas 
was found at 4 ft. above the floor of the workings, 
and the mixture near the roof of the level was dis- 
covered to be of a highly detonating character, as 
shown by the grisoumeter. 

At the Epinac collieries at Montceau les Mines 
one of these apparatus is placed in every level of the 
mine, and a special man has been appointed to re- 
port the composition of the air four times during 
each shift to the mining superintendent. This ex- 
ample ought to be followed in alldangerous collieries. 

s regards the practical and useful applications 
of the carburometer in the determination of the 
quality of fuel, of the more or less perfect com- 
bustion of the same, of the quantities of air needed 
to be admitted for perfect utilisation of the gases 
produced, and of the composition of escaping gases, 
they are too numerous for enumeration, but their im- 
portance will be fully appreciated by all intelligent 
metallurgists. 





THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. X. 
For measuring heights not exceeding a quarter of 
a mile above the sea by means of the aneroid, 
Admiral Fitzroy proposed the following method. 
Divide the difference between the readings at the 
lower and upper station by .0011, the quotient is 
the approximate height in feet, Thus, aneroid read- 
ing at: 
Lower station ... 


30.385 inches. 
Upper station ... 30.025 


” 


Difference... -360-—.0011=327 ft. 

Another very simple rule was pro’ by Mr. R. 
Strachan in the Horological Journal for 1866. Read 
the aneroid to the nearest hundredth of an inch; 
subtract the reading at the upper station from that 
at the lower, neglecting the decimal point ; multiply 
the difference by 9; the product is the elevation in 
feet. Example: 


Lower station 
Upper station 


30.25 
29.02 


123x9=1107 ft. 

The following short method has been proposed 
for altitudes not much exceeding half a mile above 
the sea, where extreme accuracy may not be desired. 
Take from the subjoined Table the value co nd- 
ing to the mean reading of the aneroid at the upper 
and lower stations, and to the mean temperature 

which may be guessed at when not observed) ; then 
ivide the difference of the aneroid readings by it; 
the quotient will be the height in feet, 





Mean of Aneroid Mean Temperature. 


at Two 
Stations. 
wer Qdeg. | 


50 deg. 


75 deg. 





-0009 & 
-00098 
00102 
-00105 


-00104 
00108 
00112 
00115 


00099 
00103 
-00107 
00110 








Example : 
Aneroid at base of Ben Lomond 29.890 { 
summit 26.656 
Difference - 3.234 
=quotient 3110ft. 
Divisor found in Table... .00104 
Mr. J. M. Heath has proposed the following short 
method: When the mean temperature at the sta- 
. P less increase 
tions is teomet than 62 deg. eacnt both 
the readings of the aneroid at the rate of ] in. for 
every 15 deg. | oe 62 deg., or 0.2 for every 
8 deg. The difference of the tabular numbers 
ite these reduced readings is the vertical alti- 


mean temperature 
of the air 50 deg. 


” ” 





op’ 
tude in feet. 








Aneroid.| No. 





| 102 
| 4824 || 289 27.3 


4160 | 28.7 27.0 
28.4 26.7 
28.1 26.5 
27.8 26.2 


5 
| 27.5 26.0 


Example: The last given, worked by this method, 


29.890 summit 26.656 
.800 + .800 


30.690 27.456 
Tabular No. ... 


4633 1522 

Difference ... ” on 3111 ft. 

All the foregoing rules are mere simplifications of 
Laplace’s formula, but are useful to travellers, 
tourists, military and civil engineers who require 
to obtain rapid results from their contouring obser- 
vations. Thus the traveller amid snowy peaks and 
glaciers, on plateau or prairie, can tell within a hun- 
dred feet his elevation above the sea; a triumph of 
science no less wonderful than that by which he 
ascertains his latitude by means of the sextant. 
With due precautions the aneroid will measure 
heights with surprising accuracy, as has been re- 

tedly proved by trigonometrical measurements. 
or rough practical purposes it is all that can be 
desired for contouring mountains and hilly districts, 
with rapidity. It is unn to dwell upon the 
value of these results to the sciences of geography 
and topography. Sir J. Herschel in his treatise on 
‘¢ Physical Geography” remarks on this subject: 
‘¢Barometrical observations both stationary and 
itinerant, assisted of late by that very useful and 
portable form of the barometer called the aneroid, 
which can be read off in a carriage or on horseback, 
have been now so far extended over the whole ac- 
cessible surface of the globe, as to afford ground for 
a reasonable conclusion respecting the average 
elevation of the surface of the land above the sea 
level, and a very accurate one as to the heights of 
mountain chains and summits. The conclusion 
arrived at is not a little remarkable and quite con- 
tradictory of former impressions. The mean height 
of the surface of the dry land most probably does 
not exceed one-fifteenth of the mean depth of the 
bed of the ocean.” 

Captain R. H. Fawcett, who has had much 
practice in contouring, writes in the United Service 
Journal, vol. xvi.: ‘The value of the aneroid as a 
handy and portable instrument for rapidly obtaining 
relative heights in surveys, has, I think, been under- 
rated. Itis of great value, especially in cases of 
military surveying, where time is frequently price- 
less, The points chiefly valuable in an aneroid are 
its portability, as in the pocket it takes up no more 
room than a watch, and the observations and calcu- 
lations can be done so quickly that a staff officer 
riding from one hill to another can readily obtain their 
relative heights. In a survey readings may be noted 
down in a pocket-book, or even on the margin of 
the sketch, and calculated out on return at leisure. 
When there is plenty of time and the ground is 
a levelling or contouring would certainly 

e adopted in preference ; but even then the oc- 
casional consultation of the aneroid might be an ad- 
vantageous check to error. But if pressed for time, 
or contouring be impracticable or extremely difficult, 
the aneroid gives heights with sufficient accuracy 
for ordinary military operations, and is far more 
accurate than the eye; moreover, the reading may 
be taken in equal or less time than it would require in 
most cases to make a good judgment of height. . . . 
Though it cannot show the height with the accuracy 
of levelling or contouring, yet its indications may be 
generally relied on to 10 ft. or 20 ft. .. . It is of 
course in abrupt, hilly, and almost mountainous 
countries that the aneroid is most useful. For 
heights of 50 ft. or 60 ft. above the plain varying 
slightly in their relative heights, the reading of the 
pocket aneroid might be difficult, and the slightest 
error important, . . . It almost invariably happens 
that such small heights can be contoured or levelled 
quickly, but the case is different with hills of 300 ft. 
or 400 ft. above points in the survey. The contour- 
ing of these would take up much time, and the ad- 
vantage of the aneroid, as far as this reason goes, 
increases with the height.” 


30.9 
30.5 
30.2 
29.9 
29.6 
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THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. IV. 
By J. Ciark JEerrerson, A.R.S.M., Wh. Sc. 

In considering the composition for the charge it 
will be remembered that iron plays another im- 
portant part besides that of a precipitating agent, 
namely, in conjunction with oxygen as Fe,O,, and 
FeO, it combines with the silica in the ore to form 
a readily fusible slag. The Lower Harz copper 
slags, and the wet extraction process residue (as is 
evident from the analyses given on page 260 anée) 
contain a very large per cent. of iron thus combined, 
and although the most important part played by 
the iron in the reactions of the process is that of 
precipitating the lead, still the greatest consump- 
tion of the iron by far takes place in the neutralisa- 
tion of the silica in the ore, as the bases requisite 
are not furnished by the ore itself. Unfortunately, 
limestone is not available in the neighbourhood, and 
it is at once evident how great is the advantage of a 
thorough dressing of the ore, to get rid of as much 
of the silica as possible. 

The slags from the same or a previous smelting 
are also used as fluxing material, and as they thus 
pass through the furnace unchanged it is evident 
that they must act rather as solvents than real 
fluxes, though if their introduction is repeated often 
they will necessarily become more basic in their 
character. From an analysis of the slag which we 
shall give later on, it will be seen that the average 
ratio between the oxygen of the bases to that of the 
acids is as 1 to 1.5 or | to 1.4, the minimum relation 
being as 1 to 1.7. 

During the last few years the charge per 100 cwt. 
of ore hes been of the following average composi- 
tions. 

















— 1869. | 1870.| 1871.| 1872.| 1873. 
Leadfume __.. | 1.87] 1.85] 1.05) 1.06] 1.01 
Lead scrapings from 

the smelting house ...} 3.1 0.41) 0.55| 0.46) 0.63 
Roasted lead regulus | 50.0 | 50.0 | 51.0 | 53.4 | 47.51 
Schlieg scrapings from 

the charging floors...} 1.57} 0.91] 1.21} 1.20) 1.21 
Oker copper slags 70.00 | 70.00} 65.00 | 63.00| 60.00 
Slags from the sam 

process eee «| 10.00) 7.00} 2.00; 2.00} 3.7 
Regulus slags... --| 1.00) ... | 48.00} 28.00} 42.00 
Slags from _ schlieg 

smelting pe ...| 85.00] 80.00} 47.00} 67.00) 54.00 

OE ics .| 100.00 | 100.00 |100.00 |100.00 |100.00 

Total 322.04 |309.67 |310.81 (16.12 310.06 

















Before the proper proportions of the various 
constituents of the charge can be settled upon, it is 
first necessary to ascertain the composition of the 
ore. The proportions for the charge are most 
usually ascertained in an empirical manner, which is 
all the more easily effected since one has always some 
previous local experience of the nature of the charge 
required to be added to a particular sort of ore, and 
a little calculation will then readily give one an 
approximate idea of the composition of the most 
suitable charge for any given ore or mixture of ores, 
and a few actual trials will then at once give a more 
accurate determination for the composition of the 
charge. 

Although in most cases this method may suffice, 
still there is always some risk attending the first 
experimental trials, and at such times the furnaces 
are liable to considerable interruptions and disturb- 
ances, which may culminate in necessitating the 
blowing out of the furnaces. The wet assay for 
lead and silver carried on at the laboratory con- 
nected with the smelting works was therefore ex- 
tended to ascertaining the amount of quartz and 
heavy spar in the ore, and was made in the following 
manner. A portion of the ore is taken and dissolved 
in aqua regia, and after the decomposition is com- 
pleted, the solution is neutralised with ammonia 
until precipitation commences, the solution is then 
again made slightly acid by the addition of a few 
drops of dilute nitric acid, after which the solution 
is filtered and washed first with a very slightly 
acidified solution of nitrate of ammonia, and lastly 
with warm water, until the filterings give no preci- 
pitate with ammonia or sulphide of ammonium, The 
lead is converted’ chiefly into Pb SO, and for a 
small p we into Pb Cl, by the nitric acid, and 
again dissolved in the nitrate cf ammonia formed by 
the addition of the ammonia, and thus passes 





* For the analyses and numerical details respecting the 
&ec., we are indebted to Herr F. Wunderlich, of 


through the filter. The quartz and heavy spar 
main unacted upon, and whole of the clay 
is not dissolved. This residue, which remains on 
the filter paper, is dried and afterwards calcined 
and weighed. The time occupied by this assay 
varies between 45 min. and 75 min. 

In our first article we followed the first treat- 
ment of the ore to the point where it is weighed off 
in quantities of lewt. and transported to the 
mixing or charging floors. 

The charging floors not only serve the purpose of 
affording access to the mouth of the furnaces, but 
are also the places where the charge is proportioned 


buildings as the furnaces, and are all under cover. 
In the building containing the Rachette and round 
furnaces, the charging floor it situated at the back 
of the furnaces, the space in front of the furnaces 
being open to the roof; in the building ——— 
the detached furnaces the charging floors exten 
all round the furnaces. 

The charge is spread out in rectangular beds or 
‘¢ fields” on the charging floor, the various ma- 
terials forming the charge being spread over each 
other in horizontal layers. The bottom layer is 
usually of slags, and upon this the ore is laid. 
Before the ore is spread out over the layer of slag 
it is mixed on the mixing floors, which are identical 
with the charging floors. Thedifferent sorts of ore are 
spread out in horizontal layers (as with the materials 
to form the charge), each different kind of ore being 
made over its whole extent of as uniform a thick- 
ness as possible ; so that by this means a uniform 
composition of the mixture is obtained throughout 
the whole area, This bed, composed of three 
or four or more layers of schlieg as the case may 
be, is divided lengthwise and crosswise into rect- 
angular divisions containing 50 cwt. each. One or 
two of these divisions (#.c., 50 cwt. or 100 cwt.) are 
thrown up with the shovel, and wheeled in a barrow 
on to the charging floor (which is on the same level 
and adjoining the mixing floor), and then spread in 
an even horizontal layer over the layer of slag. The 
object of dividing the fields into rectangular divisions 
is to avoid the extra labour of having to weigh each 
separate 50 cwt. of ore. The rest of the materials 
forming the charge (i.e. roasted regulus, &c.) are 
weighed on the charging floors, and then spread in 


advantages of this method of preparing the charge 
are that the labour of repeated small weighings is 
avoided, which would be necessary to insure a con- 
tinued uniform mixture, for if the materials were 
weighed out in large quantities and then indiscrimi- 
nately mixed, a uniform mixture would be with diffi- 
culty obtained, while such uniformity is readily at- 
tained by this method of sorting or piling. 

The fuel is not mixed with the charge, but in- 
troduced ere. into the furnace, Coke is the 
fuel used ; it is broken to pieces about the size of the 
fist, and weighed out into baskets containing about 
55 lb, each. 

Before charging, the surface of the material in the 
furnace (which will, during the process, tend to 
sink more rapidly in the centre) is levelled, by 
drawing the material from the sides of the furnace 
towards the centre, and on this the charge of coke, 
about 30 cwt. per twenty-four hours, is spread out, 
and on this again the charge of ore, &c., is tipped. 
The charge is shovelled up from the beds on the 
charging floors into baskets containing about 77 lb. 
each—about thirteen to fourteen of these basketfuls 
are thrown on per hour. Ina wide furnace the centre 
of the charge will tend to descend faster than that 
next to the sides, and by this means, although the 
charge and fuel are thrown on in uniform layers, 
there is some risk of the charge losing its uniformity 
as its descends. In order to obviate this in the fur- 
naces with a large section the charge is thrown 
against the sides of the furnace, and by this means 
the larger pieces tend to roll towards the centre, 
and the smaller pieces next to the sides descend with 
less friction, besides the blasts and gases meet with 
less resistance in passing through the centre of the 
charge, and less fine dust or ore is carried off into 
the fume chambers. In a narrow furnace this takes 
place to a much less extent, so that in this case the 
charge, &c., is simply spread out in a horizontal 
layer. ‘Too much importance cannot well be 
attached to the careful disposing of the charge in the 
furnace itself, and this method of piling, which is 
carried out in preparing the charge on the charging 
floors, is thus followed out in the furnace (with the 
exception that we have here essentially only two 





c > 
the Imperial Mining Akademie, Clausthal. 


and mixed.. The floors are situated in the same |i 


even horizontal layers on the top of the ore, The, 


this appears to be the simplest and most ready 
manner of thus insuring continued uniformity or re- 
gularity in the descent of the material in the furnace 
and as a consequence a regular and uninterrupted 
working of the furnace. 
Two men are employed to attend to the charging 
of the Rachette furnace and one to each of the 
round furnaces, whilst for the two detached round 
furnaces, which are in the same building, three men 
are employed. 
In order to lessen any liability on the part of the 
i in misreckoning the number of basketfuls 
of charge (about five) per basketful of fuel, there 
is slased close to the furnace a small table divided 
into two partitions, The charger receives as many 
small pieces of wood as there jare basketfuls to be 
added to the charge of fuel, and for every basketful 
thrown into the furnace he removes one of these 
small pieces of wood from one side of the table to 
the other, noting at the same time the number of 
charges of coke added during the twenty-four hours. 
Formerly the smeltings of the ore and of the lead 
regulus were carried on quite independently of each 
other, during the last few years they have been 
combined, to the extent of having half as much 
regulus as ore in the charge, so that the so-called 
ore or schlieg smelting is really a schlieg and 
regulus smelting at the sametime, We shall return 
in a later article to the treatment of this regulus 
and its preparation by roasting for the charge. 
The products obtained from the schlieg smelting 
are: work-lead (Werk-blei), lead ee (Bleistein), 
and a slag containing more or less lead. 
The work-lead consists to the extent of about 99 
per cent, of lead mixed with other metals reduced 
or precipitated in the furnace and dissolved in it. 
The presence of these metallic impurities in the lead 
is readily accountedfor, During the smelting ope- 
ration other minerals, &c., contained in the charge 
are reduced, besides the lead, to the metallic state 
during some part of the process, and this reduction 
taking place at the same time, and in immediate 
contact with the lead, the reduced metals are to 
some extent dissolved in the molten lead, and are 
not previous to tapping hrought again into contact 
with the sulphide of lead or subjected to the oxi- 
dising action of the blast, by which they would form 
suitable bases for‘combining with the silica in the 
slag. Another cause of the impurity of the work- 
lead is due to the composition of the roasted regulus, 
and of the slags obtained from the smelting works 
at Oker, 

The composition of the work-lead will be seen 
from the annexed analyses, of which the first is an 
older and the second newer ones: 








1st. 2nd. 

> 
ee all 
Lead 98.89 98.8378 98.9648 
Copper... .067 -1862 -2838 
Antimony ... -010 5743 -7685 
Arsenic a .0009 -0074 
Bismuth 001 .0039 -0082 
Tron... -003 -00385 .0089 
Zine... 003 -0025 0028 
Nickel 002 .0023 0028 
Cobalt jee ie: .0016 .0003 
Cadmium .. Trace Trace 
Totals ... 98.976 99.6130 100.0481 


As might be expected from the impure nature of 
the work-lead, it hardly ever shows a crystallised 
structure. 

The work lead if it does not contain any silver 
worth extracting, as appears the case in the above 
analyses, is sent to Lautenthal to be refined; when 
it contains silver, however, in sufficient quantities, 
it is treated by the zinc desilverisation process either 
at Lautenthal or Altenau, and in this manner the 
percentage of the impurities in the lead is reduced to 
a minimum, so that it is then ready for sale. 

The lead regulus, above mentioned, consists essen- 
tially of sulphides of iron, lead, and copper. The 
colour of the fractured regulus is bluish grey, some- 
what resembling the blue metal of the Welsh 
smelters ; the fracture is finely granular, somewhat 
vesicular, The composition of the regulus obtained 
during the commencement of the working of the 
Rachette furnace is given in the following analysis : 





different layers of fuel and of coke to deal with) ; 


Sulphur Pyare 29.55 

r see or eee ve ore ie! 
Zine i os o 1.12 
Antimony : 4 $3 ved 0.35 
Total pee 99.14 
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The composition of the regulus produced during the 
last few years is given in the next three analyses : 
1878. 1874. 


25.31 
54.73 
13.02 

5.90 


0.18 


Sulphur 
Tron 
Lead 

Copper 

Silver abe 
Antimony ... 
Arsenic 

Zine... per 
Manganese... si 
Cobalt and nickel... 


cooeke 


0.18 
0.08 


-—-— 


PR Moto m om 


So of. 


fe 


CaO 
MgO i be 
Al, O Na sen 
Insoluble residue ts 
Totals 

be 


| er 
a3 bo 
mM 
mn 
© 
So 
eo 
os 
fo) 


eve 99.40 97.85 99.315 
On ——— the last three analyses with the 
first, it wi noticed that the amount of sulphur 
is much less in these than in the first, and that 
whilst the proportion of iron has diminished the 
of lead has been nearly doubled. The 


| 
| 
| 
| 
| 
| 
| 


| 
| 
} 


increase in the percentage of ‘ead, and the corre- | 


mding decrease in the percentage of iron, will 
p. swear for the decrease OF the amount of the 


sulphur; since for a given weight of iron nearly | 
four times the amount of sulphur is required to | 


roduce the a as for the same —— of lead. 
e increase in the percen of compared 
with that of iron, is ably tue to the charge for 
the smelting (from which the analysis of work-lead 
in the first case is taken) consisting essentially of a 
ore smelting charge, but in the latter roasted regulus 
was added, i.c. the smelting was essentially ore and 
regulus smelting combined. The us, as we have 
just mentioned, is first roasted, by which the sulphides 
of Jead and iron are partly converted into sulphates 





(For Deseription, see opposite Page.) 
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Fig. 19. 





and oxides during the smelting the oxide of iron com- 
bines with part of the silica in the ore. In fact, as we 
have mentioned, the roasted regulus is added in the 
ore smelting for the same p as the Oker copper 
m ¢ (to supply iron for the precipitation of the lead, 
and for fluxing the silica in the ore), and the Oker 
slags are therefore added in Bae peg | less 
quantities, so that whilst the sulphide of iron in the 
added regulus is decom , the iron passing partly 
iato the slag, the sulphide of lead is not reduced to 





































































































N 


LIV 











H j —< 


1 wom 
RE pe% = 

















so great an extent, part passing through the furnace 
unchanged and reappearing in the regulus, ing 
it richer in sulphide of lead. In practice only about 
half the regulus is reduced, and it appears from the 
above that this half would consist of more than half 
the sulphide of iron, and less than half the sulphide 
of lead in the regulus. 








Coat aT MARsEILLEs.—During last year Marseilles 
received 718,000 tons of coal, and exported 307,000 tons. 
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ROLLING MILL ENGINE AT THE BETHLEHEM IRON WORKS. 
fig. 26 






AMERICAN IRON AND STEEL WORKS.* 
By A. L. Hottey and Lenox Smirtu. 


No. XI.—Tue Works oF THE BETHLEHEM [RON 
Company—(concluded). 

The Rolling Department.—This was generally de- 
scribed in our article on page 139 ante. The blooming 
train is shown at ¢, Fig. 20, on page 300 of our last 
number, and three of its gas furnaces (it now has four) 
and their charging cranes are shown on the left. 
The four-rail blooms are cut into single or double rail 
blooms and are hot-chipped under the steam-hammer 
J, and are then passed to the rail furnaces. 

The Fritz three-bigh train in its most improved 
form is shown by Figs. 16, 17, 18, and 19, on the 
opposite page. These views show a 15 in. mer- 
chant train, now building, but they illustrate the 
general features of all the larger trains. Like all 
American three-high trains, this has grooved top and 
bottom rolls instead of grooved bottom and middle 
rolls, thus greatly economising in length of rolls 
and preventing the necessity of turning the bar over 
after each pass. The grooves open alternately up- 
ward and downward, and hence the fin that was 
formed in the top of the groove, on the lower pass, 
is smoothed down by the solid bottom of the groove 
on the upper pass. This system, including the means 
of carrying it out, viz, the hanging guide.to peel 
the bar out of the groove in the top roll, is an early 
invention of Mr. John Fritz, the manager of the 
Bethlehem Works ; the details to be described, he 
has more recently developed. 

The bolsters of the middle roll are fixed solidly 
upon shoulders in the housings by means of bolts in 
the heavy trains, and of struts (to facilitate changing 
rolls) in the lighter ones (D, Fig. 17). ‘The top and 
bottom rolls are simultaneously raised or lowered by 
the four housing screws (Fig. 16); and these may 
be all revolved together by means of the vertical 
shafts AB, the horizontal shaft C that connects 
them and the horizontal hand-wheel shaft P and the 





* In the course of this series of articles, frequent re- 
ference will necessarily be made to the exhibits of various 
steel manufacturers in the United States, at the late 
Centennial Exhibition, some of which exhibits were not 
noticed in the brief review of American Iron and Steel Ex- 
Mts at Philadelphia which has already appeared in our 





Fig.27. 


attached gearing. The upper countershaft J, which 
is continuously driven from the mill engine, is made 
to turn the hand-wheel shaft (which is constantly 
coupled to the screws) in either direction, by means 
of belts and a friction clutch F. Thus the four 
screws may be simultaneously revolved either 
way, and the grooves opened or closed either 
by the friction clutch or by the hand-wheel. 
By thus opening and closing the grooves while the 
mill is running, a bar may be worked over and over 
in the same groove instead of requiring a separate 
groove for each pass. Rectangular bars and some 
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other shapes are thus worked to advantage, in the 
same time as by fixed rolls, and with much less total 
length of rolls than is required in the ordinary two- 
high and three-high trains. In rolling odd sizes, 
this facility for rapidly adjusting either the thickness 
or the width of the piece saves the great cost of new 
rolls for each size and of changing rolls. But for 
light and for very accurate work the great advantage 
of, the independent adjustment of the top and bottom 
rolls by screws is the great accuracy and facility of 
such adjustment. When the middle roll bolsters 
rest on the bottom roll neck, and the top roll is 








similarly situated as to the middle roll, the accurate 
adjustment of the gauge by means of “ shims” is a 
long and difficult operation. Another disadvantage 
of the last-named arrangement is the excessive 
friction and wear of the bottom roll necks under 
the wee of the other rolls, 

The housing screws are fitted with telescopic 
sheaths, so as to prevent the entrance of dirt, and 
are oiled by means of a central vertical oil-hole and 
radial holes leading from it to the exterior of the 
screw at various points. A screw thus made and 
preserved may, of course, be much more easily and 
accurately adjusted than a wedge, which is some- 
times used to adjust rolls. The rolls are counter- 
balanced so as to reduce the wear on the screws to 
the minimum, and in such a manner that the whole 
apparatus hangs conveniently in the pit between the 
foundations. Housings with solid tops are preferred 
as being more durable and stron te those with 
removable caps. The changing of rolls is facilitated 
by making these housings so high that when the dis- 
tance piece E under the screw and also the middle foll 
struts D are removed, the bolsters of the top roll can 
be raised enough to permit the roll to be lifted and 
swung out. The other rolls are then removed in a 
similar manner, Driven feed rollers H are employed 
both in front and in rear of the train in all mills for 
heavy work, 

One of the 24-in. rail-train condensing engines, 
having a 48in. by 48 in. cylinder, is illustrated by 
Figs. 26 and 27 annexed, and these views so fully 
show its peculiarities that little further description is 
necessary. The frame is extremely strong, as well 
as symmetrical, and the wearing surfaces are very 
large. The steam and exhaust pipes are concealed 
within the columns, while the governor, as well as 
the condenser and air pump, are arranged below the 
floor level. 

Steel Rail Practice.—There are four Siemens heat. 
ing furnaces for three-rail or four-rail, 144 in. 
ingots. The furnaces are 15 ft. by 7 ft. clear on the 
bed, Seven ingots are kept in a furnace, but the 
heating is not done by rounds; the ingots are 
charged hot whenever required, and drawn as 
wanted. There are four furnaces of the above size 
for heating two-rail or single-rail blooms. Of the 
latter 15 are charged at once, and five to seven rounds 
are heated per turn, according to the supply of 
blooms. As many as 840 rails are sometimes rolled 
per 24 hours ; the train capacity is greater still. Ten 
gas furnaces (the eight just mentioned and the two 
spiegel furnaces) are run by 19 producers of ordi- 
nary size. The draught of the furnaces and of the 
boilers (h, &, m, Fig. 20, page 300 ane) is promoted 
by two stacks » p, 120 ft. high and 9 ft. in outside 
diameter. It may be remarked in passing that one 
of these stacks was built on the ground, and raised 
bodily to its place. 

The Iron Rail and Puddle Mill.—This is shown in 
plan by Fig. 28 annexed. The fourteen double pud- 
dling furnaces stand at the end A, the puddle train is 
at C, and therailtrainat E. There are nine heating 
furnaces of the ordinary type. Boilers are set over all 
the furnaces. There is a 12-in. train at N.- This mill 
is compact, but its arrangement is convenient. It 
turns out 21,000 tons of iron rails per year, on little 
more than a single turn, as tops and bottoms are rolled 
in the rail train on the night turn, The 192-in, 
train also makes about 50 tons of light rails per week, 
but has a capacity of 80 tons. Its engine is 18 in. 
by 30 in., directly attached. The 2l-in, rail and 
top-and-bottom train and the puddle train have 
duplicate engines with 40 in. cylinder and 32 in. 
stroke, direct-acting. These engines are non-con- 
densing. 

The iron rails made at the Bethlehem Works bave 
always borne a high reputation for strength and 
endurance, The method of manufacture adopted 
is the result of many trials at these and other works, 
high quality rather than extreme cheapness having 
been the object in view. The usual practice is tv 
finish the rail from a large solid pile at a single heat, 
With loose piles, especially those formed partly of 
old rails, reheating after about half the passes have 
been made, has elsewhere proved the better method. 
The heads of the Bethlehem rails are puddled 
“high,” out of good iron, so as to be hard from 
carbon rather than from pens. 

Many other details of interest might be given, 
regarding the Bethlehem Works, but these notices 
have already exceeded the intended space. Such 
works, however, may be dwelt upon with advantage, 
because they present many improvements, some of 
which have already begun to be embodied in the 
general practice. 
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AMERICAN eo. ENGLISH LOCOMOTIVES. 
To THe EprTor oF ENGINEERING. 

Srm,— Your correspondent, Mr. H. Fry, in an in- 
teresting letter in your last issue but one, appears to me a 
little at sea in some of his facts and deductions therefrom. 
Judging from a case or cases that have come under his 
observation, he has the impression that the engines sup- 
plied from England for use on colonial lines are genera M 
unsuitable and ill-adapted for the light rails with whic 
these lines are laid. Further considering that the Fairlie 
engine has been put forward as meeting every difficulty in 
the three particulars of narrow gauge, sharp curves, and 
light rails, and hearing and knowing some of the objections 
raised against its use, he comes to the conclusion that our 
best card is played out and that in any competition with 
American engines we cannot but fail. To those who 
know what engines have been of late years sent to our 
colonies such opinions will, I believe, ap misconcep- 
tions, as generally every care has been oot te, adapt them 
to the conditions under which they have to work. And 
more frequently than not this means the use of engines of 
the bogie class in one form or other. Your correspondent 
enlarges on the merits and growing popularity of the 
** Consolidation’’ type, and asks what description of engines 
the Fairlies sent to Queensland were to supersede. 
Singularly enough these are ‘‘ Consolidations,’’ but of 
course of dimensions suited to the line. This is 3 ft. 6in. 
gauge laid with 401b. or 451b. rails, worst grade 1 in 50, 
curves 330 ft. radius. The engines weigh 184 tons, have 
outside cylinders 12in. in diameter by 20in. stroke, three 
pairs coupled wheels, one being midway under firebox, and 
a two-wheeled pony bogie in front. The fixed wheel base 
is 7ft. 2in., the centre wheels also have no tyre flanges. 
The weight on coupled wheels is 15 or 15} tons for the 
three pairs. These engines have been long in use and re- 
ordered from time to time, two lots having been built 
during the present year, and they will probably stand their 

ound against all present competitors. The same class 
nas been repeatedly sent to the Cape and other colonies, so 
that whatever merit attaches to this particular engine it 
has been independently appreciated here as in America. 
On the Cape railways the same principle has been carried 
further in the form of a larger tank engine with pony bogie 
ateachend. This allows a 15 in. egliatee, 18 tons adhesive 
weight, and yet a maximum of 3 tons per wheel. On the 
very extensive light Indian State lines, the stock is nearly 
all bogie but none of it Fairlie, neither can the latter be 
said to have gained a footing on any main line in this 
country. And what is said as to the use of light engines 


on the postioutes lines mentioned = be shown to be the 


same elsewhere. As to ‘‘ Consolidation’’ engines of a 
large class (5 tons per wheel) Mr. Fry considers them an 
improvement on anything we have here. The conditions of 
service are, however, very different. In the United States, 
rails seldom exceed 60 1b. or 651b., and 100 wagon trains 
at slow speeds are not impracticable—here 80 1b. or 84 Ib. 
steel rails and a passenger service that forbids extreme 
loads. Our inside cylinder goods engine can be built large 
enough (say 174 by 26 cylinders) to do the maximum 
practicable work and still not exceed 6 tons or so per 
wheel. Asa casein point one of such engines was lately 
loaded up to 75 wagons on a line in the North, with the 
result of pulling away draw-bars and wagon headstocks, 
and the great length of train necessitated running through. 
In this particular case 62 was found the maximum prac- 
ticable load. Our frequent and fast passenger trains 
would make extreme loads on our main lines unmanageable 
and dangerous. The six-coupled Ss engine seems a 
machine leaving little to be desired, and where it gives 
sufficient power to go from 35 tons to 45 tons as in the 
American, of course means much increased cost and work- 
ing expenses. It is a little singular thut the advocacy of 
eight coupling comes from those who very lately told us 
that the four-coupled standard American engine had ade- 
quate adhesion for any goods train. That opinion, facts 
have rightly modified, and on our part we should welcome 
light from any quarter to learn where we can. 

And with every disposition to take hints, the number of 
improvements that we can usefully adopt does not seem 
large. The adaptation of two-wheel bogies with the spring 
arrangements, by which tiese are rendered safe, have 
merit, but we have few classes to which these could be 
added. Not so, however, on the Continent, where the 
universal goods engine, the outside cylinder overhung 
boiler type, sorely needs remodelling. French and German 
engineers moving round and round in their own circle, and 
receiving nothing from others, are content to keep their 
unwieldy machine, though its unsteadiness confines it to 
the slowest speeds, and even then it works with a concen- 
tration of weight that makes it most destructive to the 
rails; nor are their passenger engines much better—all 
seems sacrificed to adhesion and tractive force. And in 
America, the land of original m»chanical ideas on many 
subjects, the absence of foreign work has probably contri- 
buted to keep everything very much in a few stereotyped 

rooves. We may claim more freedom bere, for we have 

to consult everybody’s varied requirements. At home 
it cannot be said that any expense or trouble has been 
spared to make our railways as near perfection as may be. 

So far as concerns some of the details of American 
engines, there are points the wisdom of which appears from 
this side very negative. Allow me to instance a few. 

Frames.—The why and wherefore is certainly a puzzle. 
When just fifty years ago, Bury’s had to make the most of 
the resources of a blacksmith’s shop, and when at a later 
date plates could not be obtained, the thing looked 
reasonable eriough, but now that at a dozen places plates of 
any desired size can be got without weld, and at exceedingly 
os rates, it does seem strange that any one will incur so 
much labour, inconvenience, and slowness of manufacture, 
for so inferior a result. An English frame is machine 
work from beginning to end; four sets can be drilled and 





slotted at once, and with proper tools at a surprising speed. 
The surfaces planed, all attachments are accurate and 
widely spaced. It is rigid vertically and elastic laterally, 
and, unlike the American, does not cripple the width of 
firebox shell, and compel abnormal modes of getting the fire- 
box into place, neither does it need its nose keeping up 
by the characteristic stay to smokebox. 

Boiler.—Wherein is the rationale of 4 and 4 plates in 
barrels and firebox shells. We know well enough how 
long ; and } last, and the thinner would seem poor 
economy. Also why steel fireboxes failing ‘‘ at the rate of 
from 1 to 10 per cent. annually’’ by these alarming rents, 
when copper will stand safely and be good value to melt up 
when taken out. The Pennsylvania Railroad regulations 
as to a weekly inspection and mapping out of broken stays 
tell their own tale. 

Connecting and Coupling Rods.—Why not made solid ? 
Wherefore the straps, gibs, cotters, bolts and nuts, and 
hoc genus omne? ‘They all smack of the days when steam 
hammers were not. 

Cast-Iron Wheels. — Are these not better confined to 
shunting engines and small sizes? Some of the Pennsyl- 
vania standards have a strong family likeness to nearly 
extinct species (the last sarvivors of which linger in the 
neighbourhood of Darlington), whereat the world generally 
wonders. 

General Style-—In England the object is to make all 
working parts accessible, but to keep out of sight all minor 
rods, pipes, and excrescences, to study symmetry and simpli- 
city, and to avoid tawdry ornamentation. 

The pepper-castor style of thing usual on American 
locomotives we should deem very indifferent taste, and not 
quite equal to the modern engines on the Midland and other 
main lines here. And is the cab made in the best possible 
way? Would not light iron plate be both cheaper in first 
cost and more durable as well as neater in appearance? 
The general suitability of American engines and their work 
is unquestionable; but a little importation of English 
ideas would do good. The use of the bogie truck, much in 
abeyance formerly, is now very general on this side, both on 
engine and carriage stock. 

I must apologise for having wandered somewhat from the 
main point of your correspondent’s letter, but would not be 
understood as questioning the special advantages of the 
particular engine he advocates. Given the conditions 
favourable to its use, it may be the best thing possible, 
and he has done a service by calling attention to the fact so 
clearly. 

Yours, &c., 








THE ELECTRIC LIGHT. 
To THE EDITOR OF ENGINEERING. 

S1z,—In your very able article of this week upon ‘‘ The 
Electric Light’ there is only one matter, personal to 
myself, calling for an observation on my part. You say, 
“The most important discovery connected with this 
subject was mele by Dr. C. W. Siemens and the late 
Sir Charles Wheatstone simultaneously, but independently 
of each other, and the discovery was brought before the 
Royal Society on the same evening.”’ 

It is true that upon that occasion I presented ‘to the 
Royal Society a paper describing the action of a machine 
which I had constructed in this country, but the merit of 
the discovery of the principle upon which it acted is really 
due to my brother, Dr. Werner Siemens, who presented a 
memorial to the Berlin Academy of Sciences on the same 
subject fully a month previous to the two communications 
referred to in your article. 

This communication was not published at the time the 
Royal Society papers were presented, but suflices to give 
Dr. Werner Siemens a prior claim. 

Yours faithfully, 
C. WILLIAM SIEMENS. 

12, Queen Anne’s Gate, Westminster, Oct. 20, 1877. 


To THE EpIToR oF ENGINEERING. 

Srr,—In your leading article of October 19th, with the 
above heading, the following passage occurs: ‘‘The most 
important discovery connected with the subject was made 
by Dr. C. W. Siemens and the late Sir Charles Wheatstone, 
simultaneously but independently of each other, and the dis- 
covery was brought before the Royal Society on the same 
evening.” 

The communications referred to were brought before the 
Royal Society in 1867. 

Allow me to point out that on the previous year I had 
constructed and provisionally protected a dynamo-electric 
machine in which soft iron magnets were employed, the 
feeble magnetism of which formed the fuleram for me- 
chanical force to act upon, and to develop electricity and 
magnetism on what you describe as the ‘‘ action and re- 
action principle of magnetisation,’’ and that therefore I have 
a prior claim for the invention of the principle on which 
al! the subsequent powerful dynamo-electric machines 
which have been since introduced are based. 

My original machine was exhibited in the late Loan 
Collection of Scientific Apparatus, and in article on ‘‘ Elec- 
trie Apparatus” in the Handbook to the Collection,’’ the 
following passage occurs in page 163 : 

**In the same year (namely, 1866),S. A. Varley, and in 
the following year Siemens and Wheatstone, almost simul- 
taneously constructed machines in which permanent 
magnets were dispensed with.”’ 

I should have been content to finish this letter here, had 
my name not have been mentioned in your article, but 
lower down you say, ‘‘ Upon this reaction principle the 
electro-magnets are excited in the newer machines of Wilde, 
and in those of Wheatstone, Ladd, and Varley, as well as in 
the more powerful modern dynamo machines of Gramme 
and Siemens.’’ 

My machines are now being made by Messrs. Sieve and 





Gorman, and when completed I shall be prepared to 

or fall on their merits, but until my mac 's have toe 
mitted to competition it is obviously very unfair to assume 
they are less powerful than the ‘‘ Gramme”’ and “‘ Siemens’? 
machines which depend for their action on what you have 
described in your article as the greatest discovery which 
has been e in magneto-electricity, and of which I was 
the first inventor. 

Tam, Sir, yours truly, 


S. ALFRED VARLEY. 
Hatfield, Herts, October 22, 1877. 


To THE EDITOR OF ENGINEERING. 

S1r,—I have just read in your valuable journal the report 
of Professor Tyndall on various magneto-electric machines, 
and I would like to make one or two remarks on the sub- 
ject. The Gramme machines experimented with and men- 
tioned in Professor Tyndall’s report, are of a very old type, 
which since 1874 has been greatly improved by the inventor. 
The 1877 pattern, as made for the French and Russian 
Governments, is indeed smaller than that made by Mr. 
Sabine, and gives a light of more than 32,000 candles, as 
officially stated by the Government reporters of the two 
countries. As early as 1875, M. Tresca, Member of the 
Institute, experimented with a Gramme machine, smaller 
than the large Siemens, since it was only 21$ in. wide, 23 in. 
high, and 31} in. long; this machine ~~ alight equal 
to 1850 Carcel burners, or 14,800 candles. For the 
account of these experiments see the Comptes Rendus des 
Sciences, 3ist of January, 1876. We are now making 
small machines weighing only 396 lb., or somewhat less 
than the small Siemens, and giving, with a force of three 
horse power, as much as 7500 candles (condensed beam). 

I do not dispute at all the figures given by Professor 
Tyndall, but I must point out that neither the Gramme 
machines of the present type, nor those of our 1875 and 1877 
models, were represented at the experiments at the South 
Foreland. I may add that the Gramme Company can now 
make compact machines giving a light of 35,000 candles, 
a duty which is far higher than any hitherto obtained. 

Yours obediently, 
H. Fontaine, 
’ Manager of the Gramme Company. 
Paris, October 23, 1877. 

[Our correspondent gives no particulars of the amount of 

wer required to drive the powerful machines referred to 
in the closing paragraph of his letter, and we must refer 
our readers to the conclusion of Mr. Douglass’s report (to 
be published in our next issue) which contains some ob- 
servations on the latest type of the Gramme machine. This 
type was not experimented upon at the South Foreland 
because the Gramme Company declined to submit a machine 
for trial.—Eb. E.]° 








BOILER INSPECTION. 
To THE EDITOR OF ENGINEERING. 

S1r,—With reference to your article under the above 
heading in your issue of October 19, allow me to say that 
in neither of the two cases of explosion to which you refer 
was the boiler under the inspection of this company. 

Your view of inspection is no doubt correct, and no pro- 
posal is accepted by us until we are satisfied as to both the 
external and internal condition of the boiler. Besides the 
quarterly inspection of each boiler “‘ under steam,” we 
insist upon one thorough — pn during the year as 
a necessity, and other thorough examinations are made as 
= as any doubt arises as to the internal condition of the 

iler. 

The fact of a company insuring boilers is not likely to 
make it careless as to inspections, but rather otherwise, the 
company’s interest being identical with the steam user’s, 
namely, to reduce to-a minimum the chance of accident. 

Tam, Sir, yours faithfully, 
EORGE WAILES, 
Managing Director of the London Mutual Boiler 
Insurance Company (Limited). 
17, Queen Victoria-street, October 24, 1877. 








Locomotives For Inp1a.—The East Indian Railway 
Company has ordered 50 locomotives to meet the require- 
ments of its increasing traffic. The Madras Railway Com- 
pany has also olael 20 engines, and the Great Indian 
Peninsula 40. Some 80 engines have further been ordered 
for the State lines. 


LAUNCH OF A DREDGER.—-Messrs. Hunter and English, 
of Bow, London, E., launched at March, Cambridgeshire, 
on Thursday the 18th inst., the hull of a dredger which they 
are constructing for the Middle Level Commissioners. The 
launch, which created quite a sensation in the quiet little 
town, took place in presence of the high sheriff of the 
county and several of the commissioners. The dredger, 
which, though necessarily small, will be very complete, is 
to be fitted so as to discharge the spoil either into barges 
or on to the banks of the streams as may be desired. 


BERLIN METROPOLITAN Ratuway.—A_ metropolitan 
or city railway is now in course of construction in Berlin, 
Prussia. The line is to extend from the Lower Silesian ter- 
minus to Charlottenburg, and it will be seven miles in length. 
It is expected to cost over 220,0001. per mile, and as half the 
right of way and grounds are already acquired, and the work 
has been in progress a year, the estimate should not be 
very wide of the mark. The line is to have four lines of 
rails, two for the through traffic of the lines with which 
it connects, which are six in number. Each of these lines 
is to have three stations in the city. The other two tracks 
will serve exclusively for local traffic; there will be six 
stations at intervals varying from less than half a mile to 
23 miles, and probably two other stopping places will also 
be provided. 
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THE ROYAL NAVAL COLLEGE.* 

On the Course of Study in the Royal Nawal College, 
Greenwich; with Specimens of the Work done by 
Students of Naval Architecture. 

By W. H. Waitt. . 

WueEwn the Royal School of Naval Architecture and 
Marine Engineering was founded in 1864, it was ho 
that students would be drawn from the great private ship- 
building and engineering establishments, as well as from 
the Admiralty service; but this hope was never realised. 
During the nine years the school remained at South 
Kensington 119 students were entered, 81 being sent by 
the Admiralty, and 38 being private students ; but out of 
the 38 private students no less than 14 were foreigners, and 
very few of the British students had any previous connexion 
with the professions for which they sought to be trained. 
Confining attention to the students of naval architecture, I 
find that out of a total number of 62 students no less than 25 
were private students, nine being foreigners, yet not a 
single private student came from any of the first-class 
shipbuilding establishments, and only two or three ship- 
builders sent their sons. The bulk of these students knew 
nothing about shipbuilding when they entered the school, 
and had only a very moderate knowledge of mathematics ; a 
few had a good knowledge of shipbuilding, but were de- 
ficient in mathematical training, and in one or two cases a 
good mathematical education had been obtained but was 
not supplemented by any technical knowledge. It is 
not surprising, therefore, to find that many of these private 
students eventually abandoned the hope of becoming naval 
architects, while very few obtained anything like the full 
benefit derivable from the school training, - those who, 
like the Admiralty students, came better prepared. Too 
much was expected of the school by many of those who 
entered. It was supposed to be possible in a course extend- 
ing over four sessions of seven months each, to acquire the 
mathematical knowledge required in the study of the 
higher branches of naval architecture, and to obtain a com- 
petent acquaintance with ship design and shipbuilding, but 
this could not be done. In fact, the School of Naval Archi- 
tecture would have done but very little service to the 
private trade had it not been for the subsequent transfer 
from the Government employment of many Admiralty 
students who now hold responsible positions in private 
establishments. 

Since the absorption of the school into the Royal Naval 
College the same lack of interest and support has been 
displayed by the ‘private shipbuilders of the country. 
From the opening in October, 1873, up to the present 
time nota single British private student of naval architec- 
ture has entered the college, whereas six foreign students 
have joined, and some have passed through the college with 
credit. The Italian Government have sent two students, 
the Danish and Norwegian have each sent one; a Spaniard 
and a Dane joined ay of their Governments. 
The Admiralty transferred nine of their shipwright students 
from Kensington in 1873, and have ——— three students 
annually. Fourteen Admiralty students have passed out 
of the college since its formation, six still remain, and one 
has died. 

Although not directly connected with the subject of this 
paper, it may be interesting if I add a few facts relating to 
the students of marine engineering. All engineering officers 
now pass a session at the college on entering the Navy, and 
from them two or three are annually selected by competi- 
tive examination to pursue a higher course of training, ex- 
tending over three sessions, and corresponding in its main 
features with the course formerly pursued at South 
Kensington. Since the college comal the Russian Govern- 
ment have sent three students, and there has been one 
English private student. The total number of engineer 
officers studying at the college, averages about thirty or 
a nine or ten of these taking the higher course. 

The failure of the School of Naval Architecture and 
the Royal Naval College to attract students from the 
private trade is certainly a matter for regret; and itis the 
more remarkable seeing that there does not exist any rival 
institution in this country where the systematic instruction 
of naval architects is attempted, on anything like the same 
scale or with equal advantages. 

. Moreover there is ample evidence of an awakened interest 

amongst private shipbuilders in the science of naval archi- 

tecture, which might naturally be expected to give rise to 

a greater demand for higher professional training. With- 

out eer ses, to assign a reason for the lack of interest 

in the college hitherto shownby private shipbuilders, it 
seems fair to assume, therefore, that a want of acquaintance 
with the character and scope of the course of professional 
training there attainable may have had some weight. 

With the hope that a better acquaintance with the facts 

may lead to an accession of qualified students from the 

private trade, I now propose to give a brief account of the 
conditions of entry into, and the course of study in naval 
architecture pursued at the college. 

First, as to the conditions under which private students 
are admitted to the college. 

A reprint of the Admiralty Circular is appended : 


Private Students of Naval Architecture and Marine 
a Engineering. 

_A limited number of students unconnected with the Naval 
Service will be permitted to receive instructions at the 
Royal Naval College in the course laid down for acting 
second-class engineers and dockyard apprentices. 

ag full course will be for three sessions of nine months 


each. 

The fee (payable in advance before entry) is 301. for each 
Session, or 75/. for the full course. 

Students who have already paid one fee of 301. will be 

lowed to compound for the next two sessions by a pay- 
ment of 501. at the commencement of the second session. 


* Read before the Institute of Naval Architects. 





Proportionate fees will be charged to students attending 
special classes only. 

Students not connected with the Naval Service will 
reside outside the precincts of the college. 

Facilities for visiting the Royal Dockyards will be 
afforded to all private students, being British subjects. 

Applications for admission should be addressed to the 
Secretary of the Admiralty, Whitehall. 

My lords reserve entire discretion in the selection of the 
candidates to be admitted. 

Entrance Examinations.—Private students will be ex- 
amined before entrance in accordance with the Fe goer 
laid down in the general regulations established for the 
admission of students to the Royal Naval College, as 
follows, viz. : 

1. The ordinary rules of arithmetic. 

2. Algebra up to quadratic equations, the three progres- 
sions, the binomial theorem, and the theory of logarithms. 

3. The subjects of the first four books of Euclid’s 
Elements. Proportion and similar figures, or the defini- 
tions of the fifth book and the proportions of the sixth book 
of Euclid’s Elements. 

4. The definitions and fundamental formule of plane 
trigonometry, including the solution of plane triangles. 
De Moivre’s formula and its principal applications. 

5. Elements of statics, dynamics, and hydrostatics. 

6. Co-ordinate geometry, up to the equations of the 
conic sections. 

7. Geometrical drawing. 

Annual Examinations.—All private students will be 
examined at the end of each session. 

Certificates of proficiency in the various subjects they 
may have studied will then be awarded. 

. By command of their lordships, 
RoBert HALL. 


It will be observed that no professional subjects are in- 
cluded in the list of subjects for examination ; but it is very 
probable that the omission will not be continued. Ex- 
perience has shown the desirability of, if not necessity for, 
some amount of previous knowledge of shipbuilding, in 
order that the subsequent studies may be wpe pd pro- 
secuted. Atleast an elementary knowledge of shipbuild- 
ing, ship drawing, and laying off should be acquired b 
students before entry ; and a year or two might be we 
spent in a shipyard before joining. Nor should the pre- 
vious mathematical education of students stop short at the 
subjects named above, if the full advantages of the college 
course are to be realised. Many years’ experience as 
tudent and teacher in the Kensington School and at 
Greenwich has convinced me that there is ample work to 
be done by every successful student, however well prepared 
he may have been before entry into the naval architecture 
classes. The better his preparation the further will he 
advance in the study of the subjects for which his depart- 
ment of the college specially exists. I am not acquain 
with a single instance in which the want of previous train- 
ing—and especially of mathematical training—has been 
compensated for by the most assiduous efforts after a 
student has joined; and the vacations of the college are 
so brief, that if a student does not acquire a good knowled 
of practical shipbuilding before he enters, he will certainly 
have to wait until his course of study there is finished be- 
fore he can thoroughly supply the deficiency. Neither 
practical nor mathematical knowledge can be left to be 
acquired entirely at the college, without grave disadvan- 
tages being incurred. 

All the Admiralty students have the great advantage of 
spending five or six years in a dockyard before joining the 
college ; they consequently have opportunities of becoming 
skilled workmen and fair draughtsmen, besides acquiring 
familiarity with the building and fitting of ships. Con- 
currently with this they receive a mathematical training 
which is much in advance of that required to pass the 
entrance examination above described, and on entry the 
average Admiralty student possesses a knowledge of the 
differential and integral calculus with their applications to 
mechanics, &c. ‘This previous training is never found to 
be too extended, but it isa at gain in all subsequent 
work. The cases wherein private students have success- 
fully competed with Admiralty students have been very 
few, and their failure has resulted from the disadvantages 
of their preliminary training, not from want of ability or 
application. 

I cannot, therefore, too strongly advise that private 
students proposing to enter the college should secure a good 
special p: inary training corresponding in its great 
features, although not in all its details, with the training 
that has been found so beneficial in the case of the Admiralty 
students. 

It has been suggested that in this country we need a 
normal school resembling the French Ecole Polytechnique, 
wherein students mi t be trained for all the mechanical 

rofessions in the subjects common to all, while there would 
e special departments from which the more: advan 
students might pass into colleges established for completing 
their education for the several professions, ere wi 
little difference of opinion as to the desirability for such a 
technical university, but pending its formation it seems 
possible for private students to obtain the preliminary 
education described, at any of our great ports. 

Second, as to the course of study in naval architecture 
pursued at the Royal Naval College. 

The full course consists of three sessions, each of nine 
months, from October to June inclusive. 

The arrangement of the work is made to conform as 
closely as possible to these divisions of the time of study. 
Respecting the range of mathematical studies I need only 
say that itis so extensive as to enable the students to 
grapple with the highest mathematics to be found in any 
treatise on naval architecture, or to attempt the solution 
of the important problems occurring in investigations of 








the behaviour, construction, and propulsion of ships. The 
whole of the mornings throughout the session are dey: 


to mathematics ; two or three of the afternoons are devoted 
to prefessional work, and one or two afternoons to practical 
courses in the chemical and physical laboratories. There 
are, in addition, regular courses of lectures (at mid-day) on 
physics and chemistry, and special courses of lectures on 
various subjects of interest. 

There are two instructors for the students of naval 
architecture, namely, an instructor in shipbuilding, in- 
cluding ship drawing and laying off, and an instractor in 
naval architecture. The former begins his course of in- 
struction when students enter the college, and continues to 
employ them on two or three afternoons in each week during 
the whole of the first session, and about one-third of the 
second session. During that time the average amount of 
work performed includes the preparation of one or two 
sheer drawings and midship’ sections, in order that the 
students may secure facility as draughtsmen, and the 
laying-off of the fore and after bodies for a wood ship. The 
Admiralty students acquire a considerable knowledge of 
these subjects in the dockyards before joining the college, 
but few of the B ger or foreign students possess any 
previous knowledge of the kind. 

Towards the close of each session a special course of 
eight or ten lectures on ship construction is delivered by 
the instructor in shipbuilding, and is intended especially for 
the benefit of officers of the Royal Navy—executive as well 
as engineer—who are studying at the college, although the 
— of naval architecture also attend. 

course of studies under the instructor in naval archi- 
tecture is more extensive and continues through the whole 
time of study at the college. 

During the first session students devote attention ex- 
clusively to ship calculations during one or two afternoons 
of each week. Each student works independently from 
the drawings of an actual ship, and is taught to perform, 
and in nearly all cases does perform, the calculations men- 
tioned below: 


Ship Calculations Performed by Students at the Royal 
Nawal College during their First Session. 

1. Proofs and applications of rules for finding the areas 
and the position of the centre of gravity of plane curves, in- 
cluding : Simpson’s rules, the method of polar co-ordinates, 
and the geometric process. 

2. Proofs and applications of rules for calculating the 
displacement of ships and position of the centre of buoyancy, 
including: The ordinary method by double application 
of Simpson’s first rule, Dr. Woolley’s rule, and the geo- 
metric process. 

8. Construction and use of: Curves of displacement, 
tons per inch immersion, and area of immersed midship 
section. 

4. Proofs and applications of rules for calculating the 
position of the metacentres for transverse and longitudinal 
inclinations. 

5. Construction and use of metacentric diagrams. 

6. Explanations and applications of rules for tonnage 
neces — = Builders’ old measurement, 
register tonnage, freig nnage. 

° Graphic representations of the longitudinal distribu- 
tion of the weight and buoyancy in vx floating in still 
water, together with the construction of curves of loads, 
shearing forces, and bending moments. 


The work of the first session may be said, therefore, to 
comprehend all the ordinary calculations made for a ship, 
with some special methods which are useful as checks and 
aids in ship designing. As a rule I find the students 
capable in their subsequent work not merely of applying 
the. various methods learnt in the first session, but of 
selecting the process best adapted to economise labour, 
peed to secure accuracy in the various cases arising in 

ice. 
. In the earlier part of the second session, during the three 
or four months while the students are partly engaged 
under the instructor in shipbuilding, they continue their 
work on ship calculations and are taught how to perform 
the following more difficult operations : 

1. Calculations for statical stability and construction of 
curves of stability. 

2. Calculations for dynamical stability by Moseley’s 
formula. 

3. Calculations for and construction of the loci of the 
centre of buoyancy, metacentre, and centre of flotation 
of ships for all transverse inclinations, under certain 
assumed conditions. 

These three calculations are closely related to one an- 
other, and the students who learn how to orm them 
ought to have no further difficulty in dealing with any 
—v connected with the buoyancy and stability of 
ships. 

‘This course of ship calculations terminates abont the end 
of the Christmas term in the second session, and is preli- 
minary to the work of ship design which is then com- 
menced and continued through the remainder of the second 
session and the whole of the third session. Two or three 
afternoons in each week are thus occupied. 

(To be continued.) 





New York EtevatTep RariR0ap.—The chief engineer 
of the New York Elevated Railroad, Mr. Courtright, in re- 
porting to the president and directors, has expressed his 
opinion that the capacity of the present road cannot be 
satisfactorily increased, and that a double track must be 

rovided. He estimates that the cost of constructing a 
ouble track on the east side of the city from the South 
Ferry to Central Park, a distance of five miles, with the 
necessary equipments and appointments, would be 1,625,000 
dols. or 325,000 dols. per mile. In this estimate Mr. 
Courtright includes 60 cars, 25 dummies, eight 
stations to the mile, an fer, pean oe but he does not in- 
clude 275,000 dols. for estate car houses, machine 
shops, &c. The final cost of the works proposed will thus 





oted | be 1,900,000 dols. 
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LOCOMOTIVE VALVE GEAR. 

We give on the opposite page engravings showing an 
arrangement of valve gear for locomotives designed and 
patented by Mr. Charles Brown, the engineer of the Swiss 
Locomotive and Engineering Works, Winterthur, the 
gear being shown as applied to a small tank engine of a 
type which Mr. Brown has recently adopted for several 
purposes. One of the peculiarities of the engine is that 
the motion is transmitted from the pistons to the wheels 
through the intervention of rocking levers, as in the loco- 
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motive of M. Belpaire’s design exhibited at Vienna by M. 
Carels, of Ghent, and illustrated by us at the time (vide 
page 459 of our fifteenth volume). Of this and some 
other features of this class of engine, however, we propose 
to speak at some future time, in the meanwhile confining 
our attention to the valve gear. 

Referring to the engravings, it will be seen that the 
gear consists of a pendulum lever B coupled at its lower 
end to the connecting rod A, while its upper end is con- 
nected with the pair of links D and E, which together 











form a parallel motion. The ink D oscillates on a 
fulcrum pin at one end of the bar O, while the other link 
E slides through another pin at the opposite end of that 
bar. The bar C is fixed at the end of the weigh-bar, 
which is coupled in the ordinary way by the arm F and 
rod G with the reversing lever H. The slide valve K is 
coupled by a link to an intermediate point on the 
pendulum lever B. 

With the parts arranged as shown in our engraving it 
is evident that during the working of the engine the 
lower end of the pendulum rod B would describe a kind 
of distorted elliptical curve (due to its being coupled 
to an intermediate point on the connecting rod A) while 
the upper end would move vertically in a straight line, 
being controlled by the parallel motion links D and E. 
Under these circumstances the intermediate point J, to 
which the valve rod is coupled, will describe a kind of 
ellipse of which the longer axis is vertical while the 
motion given to the valve will be approximately a reduced 
copy of that of the piston. 

Such is the state of affairs when the arrangement is in 
mid-gear. When, however, the reversing lever is pushed 
over in either direction, the bar C becomes inclined, thus 
raising the fulcrum of one of the parallel motion links 
and lowering the other, and the effect of this is that the 
upper end of the pendulum rod is no longer guided in a 
vertical straight line butin a line more or less inclined to 
the vertical. Asa result of this the valve has imparted 
to it a motion derived from the point to which the valve 
rod is coupled, following an elliptical path of which the 
greater axis is inclined to the vertical, this path being 
in fact, practically identical with that delineated on the 
ordinary elliptical form of slide valve diagram with 
which most of our readers will be familiar. The more 
the bar C is inclined the greater the travel given to the 
valve and the longer the period of admission. The 
result is in fact precisely similar to that obtained in a 
well-arranged link motion. 

As will be be seen from our engravings, the gear is 
admirably simple, and it appears to us well adapted for 
use on many other types of engines besides locomotives. 





Amurican Crr1us.—Comparing 1875 with 1860, we find 
an increase of 261 per cent. in the ae ar ayer Chicago, an 
increase of 63 per cent. in the population of Baltimore, an 
increase of 37 per cent. in the population of Boston, an in- 
crease of 71 per cent. in the population of Cincinnati, 
an increase of 28 per cent. in the population of New York, 
an increase of 30 per cent. in the population of Philadel- 

hia, an increase of 183 per cent. in the population of St. 
peat and an increase of 377 per cent. in the population of 
San Francisco. 
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BESSEMER STEEL vp. IRON RAILS. 
To THE EpIToR oF ENGINEERING. 

Srr,—Inquiries instituted lately by German railway 
engineers in respect to the durability of Bessemer steel 
rails may be of some interest to your readers, and I there- 
fore give you an abstract of the same. 

The engineers of the Rhenish Railway state in their 
report that from the wear and tear of Bessemer steel rails 
for seven years on level and open portions of their line they 
calculate these rails to remain serviceable for twenty years 
or longer. I have to remark that the traffic on German 
railways is estimated on an average to be 1,420,000 tons 
per annum. 

The report of the engineers of the Cologne-Minden Rail- 
way presents more elaborate details. On this railway the 
first Bessemer steel rails were laid down in 1868, and by 
the end of 1876, 1696.27 kilometres out of the entire 
length of the line of 2268.26 kilometres (1.6 kilometres= 
1 English mile) had been provided with Bessemer steel 
rails. The following Table shows the number of Bessemer 
steel rails laid down, the number of rails broken durin 
transport, and the number of rails found faulty and replace 
in every year. The normal length of this flange rail is 
6.59 m.=7 yards, weighing about 4} cwt. a rail. 
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Out of 514,801 rails laid down during a period of nine years 
only 1935 rails, equal to 0.376 per cent., had become unfit 
for use, and had to be replaced by new rails, and of this 
quantity 1204 rails showed a clear fracture, 227 rails were 
broken by means of the fish-plate holes, and 504 rails had 
become unfit for use from other causes. The 251 rails, 
equal to 0.049 per cent., broken in transit and previous to 
being laid down, do not count in these calculations. A 
peculiar feature is the remarkable decrease in broken rails 
since 1874. This proves that any fault in a Bessemer 
steel rail will manifest itself soon after the rail has been 
laid down. 

The report contains by way of experiment an interestin 
tablntel chebemant of Bessemer steel rails, crucible stee 
rails and iron rails laid down by the railway company side 
by side near Oberhausen in 1864, extending over a period 
of 12 years. 
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Number of Rails relaid 
during that time. 


Number of Rails 

down December, 1864. 
Number of Rails still 
serviceable, December, 


1876. 


Reduction in Height of 
Rails during that time, 
in Millimetres. 
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The average percen of faulty Bessemer steel rails 
during twelve years by this statement is 3.36 per cent., and 
the average wear 4.86 millimetres. The iron rails and the 
crucible steel rails get mostly u..serviceable through their 
heads becoming crushed in some places owing to the im- 
peteotion in the welding seams unavoidable in the manu- 

acture, whereas the Bessemer steel rails rolled out of a 
cast ingot do not show this fault but perfect homogeneous- 
ness. 

I remain, Sir, your obedient servant, 
Kart BERGMANN. 
4, Gray’s Inn-square, W.C., October 20, 1877. 








Ralts tn France.—It is understood that a large order 
for rails will be given out this month by one of the great 
French railway companies. In the course of September, 
the Northern of France Rail Company only let some 
small contracts for rails for its Belgian lines; these were 
given to Belgian works. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The local pig iron market 
was steady last Thursday forenoon, when business was 
done in warrants at 52s. 7}d. to 52s. 8d. cash, also 
at 52s. 9d. cash in a few days, and 52s. 10}d. to 
52s. 11d. one month, closing with buyers at the higher 
quotations, se i a shade more. No business 
was reported in the afternoon, and prices remain 
the same as at the forenoon’s close. On Friday morning 
business was done in warrants at 52s. 74d. to 52s. 8d. cash, 
also at 52s. 9d. fourteen days, and at 52s. 11s. to 53s. one 
month, closing with sellers asking 52s. 8d. cash and 53s. 
one month, buyers very near. The afternoon market was 
steady, and business was done at 53s. one month open, and 
52s. 9d. prompt cash, closing nominally sellers at those 
prices, buyers near. On | See morning the warrant 
market was dull, and the slight improvement of 1}d. per 
ton at the close of last week was lost, and prices altogether 
declined 2}d. per ton. Business was done in the forenoon 
at 53s. to 52s. 11d. one month, and 52s. 8d. cash, closing 
sellers 52s. 8d. cash, and 52s. 11d. one month. Prices in 
the afternoon ranged from 52s. 73d. to 52s. 63d. cash, and 
from? 52s. 10}d. to 52s. 10d. one month, the market closing 
with buyers at 52s. 6d. cash, and 52s. 9d. one month, 
sellers asking 1d. per ton more. The market was flat 
yesterday forenoon, when business was done in warrants 
at 52s. 6d. to 52s. 4d. cash, also at 52s. 8d. to 52s. 7}d. 
one month, closing with sellers at the lower quotations, 
buyers very near. There was a steady market in the 
afternoon and business was done at 52s. 4d. and 52s. 44d. 
cash, also at 52s. 7d. one month, closing buyers at 
52s. 4d., sellers asking 52s. 5d. cash. The market this 
forenoon was somewhat firmer, and a good business was 
done at 52s. 6d. to 52s. 7}d. cash, and 52s. 9d. one month 
fixed, closing buyers 52s. 7d. cash, sellers 52s. 8d. Steadi- 
ness reigned in the afternoon with the forenoon closing prices 
accepted. At the close buyers were offering 52s. 7d. cash, 
and sellers asked 52s. 7}d. On the whole it must be ad- 
mitted that the pig-iron warrant market has been extremely 
dull during the past week, and it would almost seem as if 
the downward course of prices had not yet been arrested, 
unless to-day’s prices be taken as an indication that an im- 
anny me = even though slow, is at hand. An exceedingly 
arge business has been done, but the bulk of it has been 
done at the lowest prices. The market, however, has the 
appearance of having reached, or of almost being near, a 
solid bottom,’which is almost certain to bring investors. 
The present high rate of interest wearies holders and 
retards investment, but it is to be borne in mind that were 
it not for the many adverse influences that are at work the 
price would not be at its present low leyel. For shippin 
iron there is still a limited demand, even at the reduc 
prices, and the prospects for the ensuing winter are, as yet, 
not encouraging. akers’ prices have in some instances 
been so far reduced that they are now quite as low as were 
paid prior to 1870. Storing still continues, the total stock 
with Messrs. Connal and Co. up till last Friday eveni 
being 163,812 tons, thus showing an increase for the weuk 
of 800 tons.. The number of blast furnaces in operation 
still remains the same, namely, 87 as against 118 at the same 
time last year. Last week’s shipments amounted to 
8956 tons, as compared with 10,278 tons in the corre- 
aq J week of last year. Up till the end of last week 
the increase in the imports of Middlesbrough pig iron into 
Grangemouth amounted to 59,722 tons. 


The Mail Steamship Service between Glasgow and 
Belfast.—The Messrs. Burns, of Glasgow, have contracted 
upon the Clyde for two screw steamships of great power 
and capacity for the service between Glasgow, Greenock, 
and Belfast, and which are to be named yo, the 
Walrus and Mastiff. It is understood that Messrs. Burns 
are going to make extensive improvements in the means of 
communication between Scotland and Ireland, and that 
the services after the first of November next will be as 
follows : From the Scotch side a steamer will leave Glasgow 
per direct for Belfast, without calling at Greenock ; 
while a second steamer will sail from Greenock every 
evening at 8.45, in connexion with a special train from 
Glasgow at 8 p.m. A steamship will leave Belfast ony 
evening at 8 o’clock for Greenock only, in connexion wit 
a special train therefrom at 4.45 a.m. for Glasgow, and 
there will follow a steamer from Belfast the same evening 
at 8.30, direct for Glasgow, without calling at Greenock. 
By these arrangements every facility will be provided for 
passengers travelling between the two countries, and at the 
same time special advantages will be afforded to shippers 
for an ery early delivery of their merchandise on 
both sides of the Channel. The different services indicated 
above will be worked by no fewer than six of the finest 
steamships of Messrs. Burns’ fleet. 


Duckham’s Patent Pneumatic Dredging Machine.—On trad 


Saturday last, Messrs. Aithen and Mansel, launched from 
their shipbuilding yard at Whiteinch, a steam screw 
dredger in which is to be embodied the patent pneumatic 
discharging machinery, such as has been so successfully 
used at the Millwall Docks, and quite recently at the Royal 
Dockyard, Woolwich. The nal which is to be known as 
the Mudlark, has been built to the order of Messrs. Rait 
and Lindsay, Craustonhill Foundry, Glasgow, who are the 
sole licensed constructors of Mr. Duckham’s ingenious 
machinery. She is intended for Messrs. Scott and . 
the contractors for the extensions which are a | 
carried out at the harbour of Holyhead for the London an 


North-Western Railway Company, and which embrace at 


least excavations amounting to 5,000,000 cubic yards. The 
engines and other appliances are almost an exact repetition 
of those in the Duckham dredger at Millwall. 

Ayr Dock. —It was “reported 
dock at Ayr had a depth of 15 ft. of water for the purpose 
of having the massive gates tested with which it is closed. 


on Monday that the new | Chester 





They were found to be quite secure, and were almost com- 
letely water-tight. I understand that there is to be a 
‘ormal testing to-morrow, with the dock filled at high tide, 

in presence of the engineer, Mr. Meik, Edinburgh, and the 

harbour trustees. 


The Proposed Forth Bridge.—A meeting of the promoters 
of the Forth Bridge scheme was held at Edinburgh on 
Thursday, and having regard to the satisfactory manner in 
which the Tay has been bridged, it was unanimously 
resolved that steps be taken with the view of an immediate 
commencement of the bridging of the Forth. Another 
meeting was held in London on Monday, when it was agreed 
to proceed with the necessary measures for promoting the 
scheme in the ensuing session of Parliament. Mr. Banch, 
C.E., who has made such a reputation for himself in con- 
nexion with the Tay Bridge, has the plans prepared for 
this new gigantic engineering undertaking. 


The New Harbour at Buckie—The iron staging which 
was erected some time ago in the harbour channel at Buckie 
by the Diamond Rock-Boring Company has been upset b 
the heavy seas that recently prevailed around the Scote 
coasts. It is now feared the subaqueous boring and blast- 
ing which it was intended to carry out for the improvement 
of the harbour will have to be given up for a season. 


Proposed New Railway in the South of Scotland.—A 
survey is being made with a view to the formation of a 
branch railway between Newton-Stewart and Barrhill, on 
the newly-opened Girvan and Stranraer line. This branch 
would join the Wigtownshire Railway at the first-named 
town, and open up a direct route from the lower district of 
Wigtownshire to Glasgow, Edinburgh, &c. The distance 
of the proposed line is only eighteen miles. 

Great Colliery Disaster.—On Monday morning a colliery 
explosion occurred at High Blantyre, which must hence- 
forth rank as one of the greatest mining disasters on record, 
fully 200 lives being sacrificed by it. Messrs. William 
Dixon and Co. (Limited), of Govan and Calder Iron Works, 
are the owners of the colliery. 








NOTES FROM SOUTH YORKSHIRE. 
° SHEFFIELD, Wednesday. 

A New Safety Lamp at Thorncliffe Collieries.—Within 
the past fortnight a new patent safety lamp has been intro- 
duced at the Thorncliffe Collieries of Messrs. Newton, 
Chambers, and Co., in place of the old-fashioned Glenny, 
&c., lamps. The miners at first struck against the change, 
but have agreed to give the novelty a fortnight’s trial. 
The new lamps are supplied by a Manchester ye py and 
burn a spirit called colzalene. It is said to give a better 
light than the other lamps, but requires to be kept in an 
upright position to work properly. 

Another ‘‘ Rattening’’ Case at Sheffield.—Another 
rattening outrage—the fourth within as many weeks—has 
been perpetrated at Sheffield within the past few days, the 
victim being a man named John Proctor, who worked as a 
wire-drawer for his uncle at a mill in Wicker-lane, Sheffield. 
The other men had come out on strike, but Proctor con- 
tinued at work, and was therefore ‘‘ stopped’’ by having 
all his tools rattened. 


New Railway Station at Belper.—The works in con- 
nexion with this much required convenience are now being 
pushed forward with as much rapidity as possible, and it is 
expected that the whole will be ready for opening by about 
Christmas. There will be two platforms each 300 ft. in 
length, and a bridge over the lines of rails. There will bé 
the usual offices and waiting-rooms on each platform about 
90 ft. in length. 


The Wath Main New Colliery.—Coal has at length been 
won at this large new colliery, after nearly five years’ 
operations in sinking. The hard coal, or Barnsley seam, 
has been met with at a depth of 345 yards, and is not only 
of excellent quality but of the thickness of 8 ft. 6in. Two 
shafts—each 14 ft. in diameter—have been sunk, and each 
is ‘‘tubbed”’ for 100 yards from the surface, to prevent 
the inrush of water, which during the sinking often came 
in at the rate of 120,000 gallons hourly. The power for 
winding, &c., is furnished from two engines, each of 200 
horse power, with 36 in. cylinders, made by Messrs. 
Clayton and Goodfellow, of Blackburn. The pit will be 
equal to producing 1000 tons daily. 


The Flooding of the Laund Colliery.—About two 
months ago this pit was flooded by an inrush of water from 
some old workings. This has now been remedied, and 


working has been resumed. 


Closing of South Yorkshire Iron Works.—The North- 
field Iron Works, near Rotherham, have been closed owing 
to the 400 men employed not having offered to accept re- 
duced wages, necessitated by the continued depression of 
le. 


Bradford New Gas Works.—At the latest meeting of the 
Bradford Town Council the Gas Supply Committee recom- 
mended the purchase of about 40 houses, besides land, &c., 
required to make room for the proposed new gas works at 
Laister Dyke, which are to be on a most extensive scale, 
and which, when completed will replace the present ones in 
the centre of the town. The old premises will then be 
pulled down and the land sold. It is expected that the 
site, &c., will realise a sum which will go a long way to- 
wards paying for the larger new works. 





AmerRIcaAN Stsam SuHrIpBuILpIna.—Messrs. Roach 

and Son, of Chester, Pennsylvania, have launched an iron 

i been named the City of Savannah. She 

is a sister ship to the City of Macon recently launched at 

, and will run between New York and the iy 

after which she is named. She is 272 ft. in le over all, 
and her breadth is 38ft.6in. Her burthen is tons. 
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NOTICE OF MEETING. 

THE SOCIETY OF TELEGRAPH ENGINEERS.— Wednesday, the 31st 
inst., at 8 p.m., at the Institution of Civil Engineers, Great 
tay Special general meeting. Professor Graham Bell 
on “The Telephone,” practically illustrated. 
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INDIAN RAILWAYS. 

THE Indian railway system has now attained a 
collective length of nearly 7000 miles, of which 
about seventeen per cent. has been constructed 
during the last few years on the metre gauge. Up 
to the present time a total length of 9345 miles of 
line have been sanctioned for the Empire, so that 
more than two-thirds of the system contemplated 
have been completed. This system is divided among 
28 different railways, eight of which are guaranteed, 
and the remainder are State lines. ‘The former 
class have collectively a length of about 6000 miles, 
the East Indian (1504 miles), the Great Indian 
Peninsula (1288 miles), being the most important ; 
then follows the Madras Railway, 858 miles long. 
Only one guaranteed line is on the metre gauge— 
the South Indian, 618 miles long. Of the State 
lines over 2000 miles sanctioned are on the metre 
gauge, but only about one-fourth has yet been con- 
structed; they are being proceeded with rapidly, 
however, and in a few years the whole mileage at 
present sanctioned will be constructed. 

The violent opposition to the introduction of 
narrow gauge lines in India will be fresh in the re- 
collection of our readers, and it will be interesting 
to note how far the dogmatic expressions of opinion 
emitted at the Institution of Civil Engineers and 
elsewhere, have been confirmed or  stultified. 
Turning to Mr. Juland Danvers’s report on “ Indian 
Railways,” recently issued, we find recorded the 
experiments of a committee, with Brigadier-General 
H. R. Browne as President, appointed to inquire 
into the military capabilities of the metre gauge. 
This committee ascertained that a first-class pas- 


senger carriage would accommodate nine officers ; a 
second-class carriage eighteen officers or men; a 
third-class twenty-four soldiers; and a covered 
wagon twelve soldiers in marching order, or eighty 
kits, or eight tents with complete equipment, 
Horse - boxes would carry three horses on an 
emergency, or two with ample accommodation. 
With regard to transport of artillery, the committee 
reports that “there is no difficulty in conveying the 
heaviest ordnance in use in Indian siege trains on 
the metre gauge, or in loading it or unloading it 
from ordinary station platforms,” and at all places 
where break of gauge occurs heavy ordnance may 
be transferred from the wagons of one line to 
those of another with great facility, by using 
the travelling or fixed cranes belonging to the 
railway, the rate of transfer with a single crane 
averaging 15 to 20 minutes for each heavy gun, 
with its carriage and limber. In the transport of 
a heavy field battery, no difficulty would be en- 
countered, and 136 vehicles would be required ; 
viz., one first-class carriage, 16 third class, 78 cattle 
trucks, 33 low-sided trucks, 7 covered goods wagons, 
and one ammunition van. But it is found that the 
narrow gauge rolling stock might have been far 
better designed than it is, and it is proposed to 
expend gradually the sum of 150,000/., in altering 
this stock, as well as that of the 5 ft. 6 in. gauge, 

Mr, Danvers’ report affords ample means of 
comparing the cost of construction and working of 
the broad and narrow lines, as well as of the amount 
of traffic carried on both, and the cost of working 
railways in India. During the aad 1876, the eight 
guaranteed lines imported from this country 
164,936 tons of coal, and 3166 tons of coke, the 
Great Indian Peninsula |being the largest purchaser 
to the amount of 118,666 tons, and the Bombay 
and Baroda following with 20,922 tons. The cost 
per ton in England was about 11s. 6d. increased, by 
the time it was delivered in India to 1/. 13s. 9d. per 
ton. During the same year, these eight companies 
employed 587 ships in conducting their transport, 
which amounted to 296,801 tons, valued at 
1,573,9942. The total authorised capital on the 31st 
March last was 96,410,210/7., and the amount 
raised 94,832,562/., divided as follows : 


£ 

Share capital at 5 percent.... 82,630,969 
” ” ” oe 1,243,152 

” » 4b oy 500,000 
Debenture ,, eee ote 183,450 
9» - js ee oe 2,096,400 

” ” 4 ” 2,486,450 
” stck. ,, 99, |. 006 1,925,000 

9 » 4 ab. <, ne 3,497,458 
Capital not bearing interest... 269,683 
Total... 94,832,562 

The total number of proprietors of this stock is 


63,228, but only about 1.5 per cent. of it is held in 
India, the number of holders there being 293 Eu- 
ropean residents and 367 natives, 

On State railways up to the end of last year 
15,092,6027. had been expended, of which about 
two millions and a half were deveted to the metre 
gauge Rajpootana line. Of the guaranteed lines, the 
only one on the metre gauge—the South Indian— 
has an authorised capital of 4,102,000/. The 
approximate authorised capital per mile of the most 
important guaranteed lines has been for the East 
Indian, 20,000/.; for the Great Indian Peninsula, 
18,000/.; for the Madras, 12,600/.; and for the 
Bombay and Baroda, 18,600/. On the other 
hand, for the Rajpootana metre gauge, thé 
cost has been 6300/. per mile, and for the South 
Indian 6600/. showing an average expenditure per 
mile of nearly three times as great for the former as 
for the latter. The gross receipts of the guaranteed 
lines during 1876 were 8,369,883/., and the working 
expenses were 3,976,296/., or 47 per cent. of the 
total receipts. The total receipts of the State lines 
amounted only to 424,000/., while the expenses were 
310,695/., or 73 per cent. of total receipts. The 
average interest derivable from this revenue, on 
capital invested, amounts to 4/. 14s. 5d. per cent., 
but this is not by any means equally divided 
amongst the different lines, the East Indian Rail- 
way being far in advance of any of the others in the 
business done during the year, and representing an 
interest on its capital of 6/. 9s. per cent. The Great 
Indian Peninsula and the Eastern Bengal earned 
respectively 5/. 3s. and 5/. 16s. per cent., while the 
remainder of the lines varied from 2/, 5s. to 3/. 11s. 

The greatest development of traffic on 
Indian railways during the last five years has been 


of cotton carried during the year ending March 31, 
was less than that for some preceding years. 

On the other hand the traffic in grain and seeds, 
which five years ago was only 5000 tons, has in. 
creased to upwards of 18,000 tons. The exports of 
wheat from India to this country reached, during 
the year ending March last, the respectable figure 
of 2000 tons, while oil seeds were exported to the 
extent of 1800 tons, Salt, too, forms one of the 
most important articles of traffic, and the amount 
carried has risen from 225,572 tons in 1871 to 
536,837 tons in 1876. 

The Rajpootana metre gauge line has shown 
very satisfactory results, norte earned 3} per cent. — 
on its capital of 2} millions. Its goods receipts in 
1876 amounted to 84,2387, and its passenger 
receipts were 84,000/., the number carried haying 
been 1,295,597. 

The total number of passengers conveyed on all the 
Indian lines in 1876 was (exclusive of season ticket 
holders) 30,535,319, the receipts from this source 
having been 2,193,509/. Ninety-seven per cent. of 
the total belonged to the third and fourth classes; 
2.24 per cent, to the second class, and 76 per cent. 
to the first. There were in all 20,437 season tickets 
issued. The total train mileage was 21,609,411, 
of which passenger mileage was 3,664,354; goods, 
1,000,454; mineral, 258,309; and mixed goods 
and passengers 7,291,940. The total ton mil 
was 1,298,219,081. The entire expenditure poe 
way working for the year was 4,226,966/., and the 
percentage average working expenses to gross in- 
come was 50.64. This nw however, does 
not afford any idea of the cost of working the dif- 
ferent undertakings; thus the East Indian Main 
line was worked for 34.05 per cent., while the 
Scinde, Punjaub, and Delhi was 67.35. The South 
Indian narrow gauge was 53.37, or something above 
the average, while the Rajpootana rose to 64,39. 
It must be remembered, however, that no oppor- 
tunity has yet been afforded of working these 
narrow gauge lines economically, and that the 
traffic they have to carry is insignificant compared 
with that of the more important trunk lines, 

The net cost of transport of freight was far lower 
on the East Indian than on any other line, it having 
averaged .253d. per ton per mile, while on the 
Bombay and Baroda it cost .575d. The average 
weight of paying load in each goods train running 
on the East Indian was 132.7, whilst on the Madras 
Railway it fell as low as 57 tons, The working staff 
employed on the whole system of Indiana railways 
was 107,036 last year, of whom 3032, or 2.83 per 
cent,, were Euro . Natives are now being 
trained with satisfactory results as drivers, firemen, 
signalmen, &c., while they do good work in the re- 
pairing shops, The detailed tabulated statements 
contained in Mr. Danvers’ report, of costs of main- 


tenance and repairs, give many interesting par- 
ticulars, to which we may briefly refer. e find 


that the working expenses per train mile of the 
South Indian metre gauge is 3.26s., the lowest of 
any on the whole system, if we except the Neemuch 
Railway, of which the total expenditure is only 
1453/7. The cost per train mile of the East 
Indian Main line was only 3.14s., but taken in con- 
nexion with its Jubbulpore line, this figure is raised 
to 3.68. The Bombay and Baroda is the highest 
of all the guaranteed lines, being 5.55s. per train 
mile. The total receipts per train mile on the 
South Indian and Rajpootana were 6.40s. and 6.56s., 
while on the East Indian they average 8.76s., on 
the Great Indian Peninsula 7.95s., and on the Bom- 
a and Baroda 10.988. But while the average train 
ile receipts on the broader gauge are not 50 per 
cent. higher than on the metre gauge lines referred 
to, the cost of constructing the lattter was onl 
about one-third of the former. So that even wit 
their limited traffic, the result when referred to 
capital account is much more satisfactory, while the 
actual working expenses under existing unfavour- 
able circumstances compares most favourably with 
the main lines. How much more striking the con 
trast would be if a Jarger amount of work was 
thrown upon the smaller lines, which properly 
worked, could convey as much as the East Indian 
or any of the other large trunk roads. This 
they could not attempt to do with their present 
locomotives and rolling stock, and the true 
economy of narrow gauge railway working has 
yet to be adopted in India, The engines now in use 
are, we believé, an improvement over those first sent 
out, which were foun ar unsuitable for their pur- 
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use of Fairlie engines. In Australia, New Zealand, 
South America, Portugal, Norway, and other 
countries, where the ss of narrow gauge has 
heen surprisingly rapid, despite the opposition the 
innovation met with, the Fairlie engine is employed 
not only with success, but with the result of trans. 
forming a railway of limited capacity into one 
capable of carrying as much traffic as another of the 
standard gauge. In some cases itis true that the 
traffic is so small that the large and powerful Fairlie 
engines are not required, small locomotives like 
those sent out to India being ample for the work 
to be done. But in the Sette Empire it is 
above all things important that the extensive 
secondary lines of communication should be 
made capable of carrying a maximum quantity 
of freight. More especially is this necessary 
when it is remembered that emergency might 
require the transport of troops and material in the 
shortest possible time. Even with the present in- 
convenient rolling stock we have seen that a military 
committee has reported on the perfect feasibility of 
transporting troops, horses, and batteries, so far as 
the carriages and wagons are concerned; but we 
have little hesitation in saying that, on account of 
the inadequate engine power, the metre gauge rail- 
ways would be practically useless. How many 
engines would be required to handle even one com- 

lete battery? It would be easily managed by one 

airlie engine. And even for ordinary traffic the 
wasteful practice of hauling several trains, which 
could be combined in one, will show itself in every 
financial statement. Under all circumstances, ex- 
cept that mentioned above, where the traffic of a 
line is so insignificant as to require only a very 
small amount of power, narrow gauge railways 
must be an imperfect and incomplete means of com- 
munication unless worked by the Fairlie engine or 
some other equivalent means. ‘This fact has been 
many times proved during the last few years. We 
trust that it may be appreciated by those in authority 
before it is too late to secure the full value of our 
narrow gauge system in India 








METROPOLITAN WATER COMPANIES’ 
ACCOUNTS. 

In a recent issue, at page 270 ante, we gave a 
résumé of the accounts of the metropolitan gas 
companies, As being of equal interest, we now invite 
the attention of our readers to the accounts of the 
metropolitan water companies as given in pursuance 
of ‘*' The Metropolis Water Act of 1871.” In the 

rovinces it is usual to find, as at Liverpool, Leeds, 

anchester, Glasgow, and other cities, the water 
supply under the paternal control of the corporation. 
But in London we have not so far arrived at such a 
simplification of affairs, although this result may not 
be far distant, 

It is almost needless to repeat that for some years 
past attempts have been made to improve the water 
supply of London. The last established effort in 
this direction was made in the west of London by 
sinking a well in the Colne Valley, a full description 
of which has already appeared in our columns. But 
taking all the geological resources which London 
has within its area, there seems but little chance of 
improving its supply from subterranean means. 
Artesian wells have signally failed, at least in our 
London breweries, and the Tong.talked of resources 
of the “‘ green sand” have yet to be verified. We 
can only hope for a dimination of the evils that 
result from our present supply from the Thames and 
the Lea by well digging into the chalk strata, and 
this promises but a moderate addition. 

In reviewing the accounts of the water companies 
of the metropolis we shall take them in the order 

iven in the return already alluded to. We find 

atat the end of the half year, March 31, 1877, 
the Chelsea Water Works See! had a total 
authorised capital of 1,268,750/., of which 1,113,280/. 
had been paid up, leaving 155,470. to be called up. 
In regard to the same period it appears that the 
revenue derived from water rents was 45,789/., 
while the expenditure was scarcely 14,000/., leaving 
about 31,000/. to be carried to dividend and interest 
account, But the actual result as certified by the 
auditor is that the sum of 48,685/. is available for 
the payment of dividend on the ordinary capital, 
amounting to 615,000/. in May, 1877. 

In regard to the East London Water Works, we 
find that in the half year ending December 25, 1876, 
the total authorised capital amounted to 2,020,000/., 


from water rents as 96,083/., independent of other 
items ; deducting expenditure there was an amount 
of 59,560/. to carry to dividend and interest account, 
independent of previous balances in favour of the 
same result. 

The Grand Junction Water Works Company had 
an authorised capital of 1,250,000/., of which only 
some 34,000/. seems not to have been paid up. Their 
revenue for the half year ending March 31, 1877, 
appears to have been 63,519/. from water rents, 
leaving a balance of some 30,000/. for dividend and 
interest account. 

The accounts of the Kent Water Works Com- 
pany for the half year ending December 31, 1876, 
showed a total authorised capital of 600,000/., of 
which, excepting authorised debentures, &c., only a 
small amount was unpaid. It will be sufficient, 
however, to state that at the date above referred 
to the total receipts on the capital account were 
547,780. In the revenue account ending at the 
above date, 41,180/. was received for water rents, in- 
dependent of minor items, leaving a balance of 
nearly 27,000/. to be carried to dividend and in- 
terest account. 

The accounts of the Lambeth Company showed at 
the end of the half year March 31, ‘1877, a total 
authorised capital of 1,450,000/. of which 14,960/. 
remained to be called up. In the revenue account 
we find that the water rents brought in nearly 
65,000/., independent of other items. The available 
sum for dividend and interest account amounted 
to 35,190/. 

The giant of water companies, the New River 
Company, whose accounts have hitherto been un- 
fathomable in a statistical point of view, figures in 
the Government returns (that is if it be possible to 
place an accurate statement of them) in the follow- 
ing manner: Total receipts on capital account for 
the half year ending December 31, 1876, 2,856,541/. 
Total expenditure to June 30, 1876, 2,831,518/. 
Water rents due at December 3], 1876, 184,389/, 
According to the auditor’s account there was an 
available balance of 223,096/. for payment of 
dividends on the capital stock or shares of the 
company, amounting to 1,883,138/. at the end of the 
year 1876. 

The Southwark and Vauxhall Water Company 
show an authorised capital at 3lst March, 1877, 
of 2,000,000/., of which 210,019/. remains to be 
called up. The revenue for the same period as 
water rents was 72,438/., and according to the 
statement of the auditor, there seems to have been 
a sum of 17,758/. available for dividend, &c., on 
863,300/. stock and capital, independent of preference 
and debenture shares, bonds, &c. 

The West Middlesex Water Works Company had 
at 3lst March, 1877, a total authorised capital of 
1,355,066/., having 435,613/. unpaid, The water 
rents, which had accrued to the same date, amounted 
to 76,677/., and the available balance for dividend 
and interest was 50,868/. 

It must be distinctly understood by our readers 
that while we have quoted the exact statements 
furnished to the Houses of Parliament, it is im- 
possible to convey in the brief space of the present 
article any idea of the real position of any of the 
water companies of the metropolis. The total 
returns are published with a degree of minuteness 
and to an extent that makes the report imposing 
if it fails to render it clear. Not only so, there is so 
much of detail as to render it impossible to compare 
the position of one company with that of another. 
We must, therefore, refer our readers to the Par- 
liamentary return itself (No. 412), especially in cases 
where the experience of the metropolitan supply 
may be adopted by provincial authorities as a 
guide. 

It is evident, however, that at the present time 
an investment in British gas and water companies 
is of a very profitable and safe character. This 
fact may eventually make their position somewhat 
difficult of permanent tenure so far as private 
enterprise is concerned. Within the last fortnight 
we have on the one hand glowing accounts of the 
success of the Manchester Corporation in the 
management of its gas works, and on the other 
the police reports have afforded us the fact that the 
Metropolitan Board of Works has prosecuted 
the Commercial Gas Company of London for sup. 
plying impure gas. The gas and water questions, 
like those of a sani character, seem yet far from 
a satisfactory solution, and they will remain so, as 


SEA SOUNDING. 

Str WILLIAM THomson has for several years past 
devoted himself to the improvement of means and 
methods of navigation. His special experiences 
on submarine cable-laying expeditions have doubt- 
less turned his efforts in this direction. The subject 
is one of deep human interest and vast commercial 
importance, and we regard it as a fortunate circum- 
stance that he has taken it up. The uncertainties 
of navigation, the risks of life and property at sea, 
are every now and again painfully impressed upon 
all by some dreadful calamity, and he who, by some 
improvement in apparatus or method of observation 
successfully diminishes this risk, confers an in- 
calculable boon on the public at large. Sir William 
has brought to the subject a familiar practical and 
theoretical acquaintance with the current systems of 
navigation, and in addition to this the rarer ad- 
vantage of a wide and deep knowledge of physical 
science. With these materials at the command of 
an inventive genius such as his, we may expect from 
him some far-pushed advances of the first im- 
portance. We are already indebted to him for the 
revival of Sumner’s method of finding a ship’s 
position, for the application of the Morse telegraphic 
code of signals to lighthouses, whereby a light- 
house is made to flash its own distinctive letter, for 
the patent adjustable compass already described in 
ENGINEERING (vol. xxiii, No. 584), and for the 

atent sounding machine we are about to describe. 
The com is remarkable for its steadiness under 
the oscillations of the ship, the heeling error is over- 
come, and deviation on all courses whatever is either 
entirely annihilated or reduced to a fraction of a 
point, It is earning for itself golden opinions in all 
waters, 

The object of Sir William Thomson’s patent 
sounding machine is to facilitate the measurement 
of the depth of water below a ship at any time 
without reducing the speed ; itis, in fact, designed to 
take flying soundings. We have already given an 
account of his apparatus for sounding by means of 
piano-forte wire (see ENGINEERING, vol. xx., page 41); 
but the present apparatus, although employing the 
wire, is based on a distinct invention. The wire- 
sounding apparatus formerly described proves 
highly serviceable for ~~ soundings when the 
ship is slowed or at rest; but the present invention 
permits of flying soundings being made with great 
accuracy. ‘The sounding machine as now patented 
is an improved and more complete form of the other. 
It is especially useful when approaching land. 

The essential idea of the new invention is to 
measure the depth by the pressure of the sea-water 
at that depth. This is effected by lowering a pres- 
sure gauge with the lead line, Two forms of this 
pressure gauge are patented, The first, and that 
chiefly in use, consists of a narrow glass tube 
clo at one end and open at the other. It 
therefore contains a column of air. But when it is 
lowered into the sea the water entering the open 
end of the tube compresses this air column, dimi- 
nishing its length in proportion as the water pres- 
sure increases, according to Boyle’s well known law. 
The height to which the sea-water rises in the 
gauge tube marks the limit to which the air has 
been comp’ Means are therefore taken to 
cause the water to indicate the height to which it 
rose in the tube. One planis to line the interior 
of the tube with a ay meg that shall mark the 
distance that liquid has been forced into it. This 
preparation may be whitewash or size colour, or ink, 
or aniline blue, dried upon the inside of the tube, or it 
may be a substance such as red prussiate of potash, 
adapted to show by chemical discolouration how far 
the liquid has been forced up. These substances 
may be made to adhere directly to the glass, ora 
strip of paper impregnated with them may be 
gummed along the interior of the tube. Another 
plan is to tincture the sea-water itself as it enters 
the tube with ink, aniline blue, sulphate of iron 
solution, or any other liquid suitable for leaving its 
mark. For this purpose the marking liquid is con- 
tained in a cup or thimble at the lower or open end 
of the tube. order to prevent the marking liquid 
from running up the interior by capillary attraction 
the whole interior of the tube is coated with shellac, 
varnish, glue, or gum, dried upon it before attaching 
the lining prepared to receive the mark. Sulphate 
of iron, besides being very inexpensive, gives a 
sharp and strong mark when a strip of paper im- 
pregnated with red prussiate of potash is used, or 
when the prussiate of potash mixed with starch is 





long as private interests militate against public 





of which 144,440/, remained to be called up. The 
revenue account to the same date showed receipts 





good. . The powerful nature of these interests will 
necessarily make the revolution a slow one, l 


applied directly to the inside of the tube. Sir 
William has, however, quite recently substituted 
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chromate of silver for the red prussiate of potash | water. The steel pianoforte wire is coiled on the | to the drum to — any more wire from runni 
in the lining of the tube with great advantage, as | drum B, which is of iron, light, but strong. The} out. The handles are then applied to the drum pe | 


the sea-water alone makes a sufficient mark, altering 
the chromate of silver from a reddish orange colour 
to white. 

The tube must be of so narrow a bore that there 
shall be no splashing of the liquidin it during the 
sounding process, The glass tube is guarded 
from shocks by an outer metal tube, preferably of 
brass, which permits access of the water to the 
glass tube it protects by holes in the upper end. 
‘This guard tube is shown at c in the figure, 

When it is desirable to obviate the necessity of 
previous chemical or other preparation of the tube, 
a special tube, which is made to retain the column 
of water inside, is employed. It is provided at each 
end with a mounting containing a valve which opens 
inwards under a definite amount of force. As the 
tube descends into the sea the lower valve is forced 
open, and the water enters the tube, at the same 
time compressing the air in its upper part, When 





sinker is a cylindrical iron weight 3 ft, 3 in. long, 
weighing about 22 1b., with a hollow in its lower 
end to receive the usual arming of tallow. It is 
attached to the end of the wie & an intermediate 
iece of rope about 9 ft. long. The gauge tube is 
ashed to this rope, as shown in the drawing, about 
3 ft. from the metal ring, by which the rope is 
attached to the end of the wire. The clockwork in- 
dicator I registers the number of fathoms of wire 
paid out, and is worked by the axle of the drum. 
Another essential novelty in this machine is the 
friction brake, It will be readily understood from 
the diagram. The weight E is centred at N, and at 
its other end at D a rope M is fastened. This 
rope M is made to take a single turn round 
a deep groove in the periphery of the drum B, as 
shown by dotted lines. M then passes over the 


pulley G, and is belayed to a pin F fixed to the 
pulley itself. 


H is an adjustable weight also fixed 





the bottom is reached and hauling in is commenced, 
so that the tube is caused to move through the water 
upwards, the lower valve shuts and holds the water 
which had entered by it, whilst the tube was being 
sunk, Qn the other hand, the pressure of the sea 
acting upon the upper valve causes it to open, thus 
allowing the air within the tube gradually to escape 
as the tube nears the surface, but at the same time 
allowing no water to enter. Thus the pressure of 
the air inside the tube is kept constantly balanced 
by the pressure of the sea outside the tube, so that 
there is no danger of the tube bursting be pressure 
of the contained air as it rises to depths of less 
external pressure. This tube is also protected by a 
metal casing. 

In order to ascertain the depth to which the tube 
has been sunk a scale or “rule” is provided, It is 
graduated in single fathoms up to 100, and is 
applied to the tube immediately it has been brought 
to the surface. In the chemical tube the length of 
coating which has been discoloured, and in the 
valved tube the height of the column of water 
retained inside, gives the number of fathoms depth. 
The scale of the valved tube is marked on the edge 
of a slit cut along the casing on one side, so that the 
depth can be read off directly. 

e tube is used with the wire-sounding apparatus, 
of which the accompanying engraving represents the 
most improved form. The wooden stand A of the 
machine is lashed or bolted to the taffrail at the 
stern of the vessel; or to a platform firmly fixed to 
support it, so that it projects from the ship’s side, and 
the sinker S when ready for a cast hangs direct from 
the wheel or drum B clear of everything over the 





or carried by the rulley G, and from its horizontal 
position at cit can be raised to the positions indi- 
cated by the dotted lines at 6 and a. When it is in 
the position shown, E is at its highest position 
against the stop K, the maximum stress is on the 
rope, and consequently the maximum friction is on 
the drum, because both weights, E and H, pull on 
the ends of the rope with their maximum effect. 
When H is at the position 4, the weight E hangs 
intermediate between the upper stop and the base 
A, and the pull on the rope is about 7 lb., which 
corresponds to a frictional resistance on the drum 
of about 5 lb. When H is in the position a, its 
weight is directly over the axle, and E rests on the 
stand. The friction on the drum is then almost 
entirely removed. 

In order to take a cast the sinker is armed with 
tallow, which should also be well smeared all over 
the lower end of the sinker in order the better to 
secure a good specimen of the bottom. One of the 
prepared glass gauge tubes, with its open end down- 
wards, is placed inside the brass guard tubes. ‘The 
sinker and tube are then gently lowered to the sur- 
face of the water, the drum being held back till the 
indicator is set and the weight is brought into 
the position 4, which corresponds to a retarding 
friction on the drum of about 5 lb. All is now 
ready, and the drum is let go. It revolves rapidly 
under the pull of the sinker, notwithstanding the 
opposition of the brake, and the wire runs quickly 
out, When, however, the sinker strikes the bottom, 
the brake power speedily stops the drum. When it is 
seen to stop, the weight H is allowed to fall to the 
position c, whereby the full power of the brakeis applied 


winding in is begun. The first effect of this is to 
raise the weight H to its highest position, whereby 
the retarding friction of the brake cord against the 
motion of the drum in turning it, is almost entirely 
taken away, and only the resistance of the wire and 
sinker is experience 

As soon as the wire is wound in, the tube is taken 
out of its case and the height of the water line 
measured by scale. This without correction is the 
depth accurately enough, if the barometer be at 
anything from 28} in, to 29}in. If the barometer 
stand at 30 in. it is necessary to add one fathom in 
thirty to the reading, and if it stand at 3] in, one 
fathom in fifteen. 

In order to preserve the wire from rusting, the 
drum when not in use is taken off its bearings and 
immersed in a bath of caustic soda or quickflime. 
The wire is also either dried by hand as it is hauled 
in, or passed over a rubber soaked in the caustic 
solution. In sounding during very cold weather, 
when water brought up by. the wire is liable to 
freeze on the drum, provision is made for filling the 
drum, which is hollow, with hot water in order to 
thaw it before use. : 

‘“‘ When navigating out of sight of land,” says 
Sir William Thomson, ‘in less than 100 fathoms, 
if there is any doubt as to the ship’s position, 
whether from the sky not being clear enough for 
sights, or from the errors of the chronometers not 
being known with sufficient certainty, the sounding 
machine should be kept going. Two men suffice to 
work it whatever be the speed of the ship. It 
takes from a quarter of a minute toa minute for the 
sinker to reach the bottom from the time it is let 
go, and from a minute to four minutes for two men 
to haul it in, if the depth is from 30 to 100 fathoms. 
(One man can haul it in though the ship be running 
at 16 knots, but not quite so quickly nor so uni- 
formly astwo). Thus it is easy to take a sounding 
every six or eight minutes, with an extra hand or 
two to relieve. Two men can with ease take a 
sounding every quarter of an hour, and this should 
be the rule whenever in keeping the machine thus 
going useful information as to the ship’s place can 
be had. It is not necessary to use a tube every 
time. The reading shown on the counter (in- 
dicator) at the moment the sinker strikes the bottom 
allows you to judge the depth surely and accurately 
enough if you usea tube occasionally. The reading 
on the counter shows approximately the number of 
fathoms of wire run out, This may be something 
nearly twice the depth, but the proportion of wire 
to depth differs according to the depth, the speed 
of the ship, and the roughness of the sea, For the 
first of a set of casts use a tube, and read off the 
depth accurately by applying it to the scale of 
fathoms, After three or four more casts use another 
tube, and then, according to judgment, use a tube 
as frequently as necessary to check your inferences 
of depths from the counter readings, ‘The cha- 
racter of the bottom brought up on the arming 
of the sinker is, of course, to be examined every 
time.” 

The compass and sounding machine were tried 
on board H.M.S. Minotaur on her recent cruise to 
Spain. Lord Walter Kerr (captain commanding 
the Minotaur) has found them to be highly suc- 
cessful. ‘‘ Concerning the compass,” he writes, ‘+ I 
am glad to be able to tell you that we have found 
it to fulfil admirably the conditions for which it 
was designed. The advantage of a compass like 
Sir William Thomson’s which has no appreciable 
deviation on any of its points over one that has a 
deviation varying from a half to a quarter of a point 
either ey Pe 19 out of 32 points (as is the case 
with the Minotaur’s standard compass) is too mani- 
fest to require comment from me.” Of the sounding 
machine he says: ‘‘ ‘The sounding machine has been 
most serviceable. We have been using it con- 
stantly when running up Channel. From the time 
of crossing the line of soundings to the time of 
reaching Plymouth, and though running before a 
gale of wind with a heavy sea, at the rate of ten 
knots, we were able to take’soundings as easily as if 
the ship had been at anchor. We were able to 
signal to the squadron each sounding as it was ob- 
tained, thus in thick weather verifying our see 
by sounding without having to round the ships to. 
....- 1 cannot speak too highly of the value of 
this instrument.” Elsewhere he says regarding 
both compass and sounding machine: ‘I sincerely 
trust that by the time I go afloat again they may 





be universal in the service.” 
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VENTILATING IRONCLADS. 

Some interesting trials with the ventilating arrange- 
ments of H.M.S. Shannon were carried out on Thurs- 
day the 11th inst. in the Channel, the object being 
to ascertain the effect of the arrangements which 
would be in use when the ship isunderfire. It may 
be premised that the usual manner of protecting the 
engines from vertical fire, and the effect of shells 
bursting between decks, &c., is to close the engine- 
room completely by means of armour shutters. 
Hitherto it has been the practiceto use shell gratings, 
which though they may check the falling of any 
large masses of débris, would not prevent the pene- 
tration of such small pieces, which might, by getting 
into the bearings or guides, totally disable the 
engines; and considering that at all risks the engines 
of a war ship must be kept going while in action, any 
arrangement which tends to protect them as well as 
inspire confidence in the engine-room staff (which is 
exposed passively to fire), though at the cost of some 
little inconvenience, must be a great improvement. 
It will be seen from the following Table that no 
excessive heat was attained during the trial, the only 
effects of confinement in an armour-plated chamber 
being that towards the end, the air became slightly 
vitiated, The outlet from the engine-room being 
up the main mast, an improvement will be effected 
by cutting a larger hole in the foot of the mast, and 
fitting a steam jet through it. The boilers are 

laced back to back, fired from the wings, the stoke- 
folds being se ted by a middle-line bulkhead, 
During the trial, observations were taken each quarter 
of an hour, the engines being run at a speed such as 
would be used in action, Ventilation to the stoke- 
holds was assisted by two large cowls on each side of 
the ship, which lead air directly into the stokeholds, 
but as during the trial no material increase in 
temperature followed on closing these cowls, it has 
been decided to disuse them, utilising the space 
occupied by them for additional head-room. It may 
be mentioned that the funnel is annular, the heated 
air from the stokeholds ascending through it. The 
following results were obtained, the engines being 
ran for the first two hours using the ordinary means 
of ventilation, and during the last two hours with 
everything ready for action. 












































Temperatures. 

—_ Starboard Port Stoke- 

Engine Room.)  s+okehold. hold, 
Time. 

mI | . . . . } 

e\S\e| = |e) 9] « | a\3 
h m. | | Fen’ | 
9 45/ 88 71/80! 81 | 84/| 82/ 91 | 82/89 
10 0} 91) 73| 80/ 83 | 87| 81) 95 | 84| 89 
10 15| 91) 72| 81] 87 | 85| 82] 94 | 85 | 90 
10 30] 91/75 | 81/ 87 | 85| 86) 89 85 | 95 
10 45) 95) 80/85 | 88 | 85/84) 92 | 82 | 92 
ll 0 99) 86 | 90 | 87 | 83 | 86/ 88 2 | 91 
11 15 | 102 87 91 | 96 | 86 | 84) 9 80 | 90 
11 30/ 105 91 /| 94 91 | 89 | 94) 90 80 | 90 
11 45 | 107 93 | 96; 92 | 90) 90| 91 | 81 | 91 
Noon | 108 93 | 98| 90 | 92/ 92/ 91 | 82/ 93 
12 15 | 109 93/ 99/| 92 | 93/91 | 90 | 86| 92 
12 80 | 109, 94 | 99 | 94 97 O4| 92 | 8 92 
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These results may be considered as highly satis- 
factory. The remarkably low temperatures in the 
stokeholds are a subject for congratulation, as 
eventually, should the system be adopted, the wear 
and tear incidental to the life of a fireman will be 
greatly diminished. 

At 10.30-and throughout the remainder of the trial 
the “ fighting arrangements” were inuse. The maxi- 
mum inconvenience attendant on the use of armour 
shutters over the engine-room being now known, it 
will be a highly suicidal policy to continue the use 
of armour gratings, and it would be very advisable 
to substitute shutters for gratings in all our iron- 
clads as they come into the hands of the dock- 

ards. 
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THE DISTINCTION OF LIGHTHOUSES. 

On Wednesday last, Sir William Thomson, F.R.S, 
delivered an interesting lecture on the means of 
distinguishing lighthouses, before the members of 
the Shipmasters’ Society, in their rooms in Jeffreys’. 
square, St. Mary Axe. This Society has only been 
established a little over a year, but it already 








numbers 300 members. The Duke of Edinburgh is 
the President, and there are two inflaential com- 
mittees, and a good staff of officers, The Society is 
established for the mutual protection and advance. 
ment of the general interests of its members, whose 
chief qualification is that they must hold, or have 
held, a command, In the absence of Mr, Henry 
Green, the chair was taken by Captain P. Talbot 
Peterson, who introduced Sir William Thomson to 
the meeting. In opening his lecture—which was 
delivered extempore and without notes—Sir William 
pointed out that lighthouses to be of any use must 
distinctly and readily inform the mariner what 
position the light. indicated. There must be no 
room left for doubt or question, or else they would 
only prove a source of danger. Thegreat object was 
to afford a reasonable and ready means of discern- 
ment, Ninety per cent, of the lights on the coasts of 
the British Islands were fixed white lights, which were 
incomparably the best, provided there was no chance 
of their being mistaken for anything else but them- 
selves. Unfortunately the majority of fixed lights 
were so situated that they were easily mistaken for 
others, Hence a source of danger and a necessity 
for some distinction being given to such lights. 
Revolving lights offered a solution of the difficulty 
to a large extent, but they were*not in all cases 
sufficient to afford absolute security. Revolving 
lights of different periods were a further improve- 
ment, and flashing lights still more, With simple 
flashing lights with long intervals, however, such 
as three or four minutes, mariners had to wait a 
long time before they were sure of the light being 
what they imagined it to be, as they had to repeat 
their observations. That was not so objectionable 
with sailing vessels, on account of their slower 
speeds, as with modern quick-speed steamships, 
which, going at twelve knots an hour got over a 
mile in tive minutes, and might run into danger 
before they could verify their observations. 

The revolving light had an advantage over others 
in that the light was condensed, and it could be 
seen at a greater distance than a fixed light burning 
the same oil. The drawback, however, was the time 
of its obscuration, which in one-minute revolutions 
was fifty seconds or more. The light being only 
visible for ten seconds, or even less, rendered it im- 
possible to take a bearing. Colours were another 
means of distinguishing lights, but they were means 
that Sir William said ought never to be used. He 
referred to the Needles light, which has two white 
and two red sectors, and he pointed out the dangers 
involved in their adoption, one being the possibility 
of the light being mistaken for a ship’s port side 
light. Harbour lights also had often been mistaken 
for railway or even town lights, and vice versd, so 
that accidents had occurred for want of some well- 
defined distinction. ‘The author explained that the 
way in which he proposed to get over the difficulty 
was by having a simple eclipsing system, the eclipse 
being produced either by revolving screens or by a 
mechanical intermittent extinguishing apparatus. 
This system would be based on the Morse alphabet, 
and would consist of groups of eclipses of long and 
short periods, so that each light would be well 
defined and distinguishable from all others, 
Each light might represent a letter of the 
Morse alphabet, and would in effect answer to 
Captain Colomb’s system of flashing signals, Sir 
William explained that he had Stontnand this 
system some three years since in the Holly- 
wood Bank light, Belfast Loch, where the ob- 
scurations consist of two short and one long eclipse. 
A red standing light was formerly used, but the 
present arrangement with a white light gave un- 
questioned satisfaction, and was highly approved of. 
The eclipses were produced by a revolving brass 
ring, carrying a set of screens, and rotated by a train 
of wheelwork. The author pointed out that there 
was a great waste of both light and oil in the ordi- 
nary systems, so that the adoption of a system tend- 
ing to safety would be accompanied by a considerable 
economy. The lecture— which was gratuitously 
given—was illustrated by an improvised apparatus 
for showing the effect of periodical obscurations, and 
at its close the chairman proposed a vote of thanks 
to Sir William Thomson, which was seconded by 
Captain E. Montague Leeds, and heartily endorsed 
by the meeting. 








SPANISH Rartways.—The revenue of the Ciudad Real 
and Badajoz Railway Company—which has a branch also 
from Almorehon to the Belmez coal mines— amounted in the 
first nine months of this year to 110,9641. The correspond- 
ing revenue in the corresponding period of 1876 was 105,763/. 





MANGANESE BRONZE. 

WE have from time to time spoken of the alloy 
introduced some time since by Mr. P. M. Parsons, 
under the name of manganese bronze, and which 
exhibits extremely high tensile strength combined 
with extraordinary toughness and power of exten- 
sion. The various grades in which this alloy can 
be made and the facility with which it adapts itself 
to forging and other manufacturing processes, 
makes it peculiarly adapted for a great variety of 
constructive purposes, where lightness and strength 
are required. The following Table gives the results 
of a series of experiments recently made at the 
Royal Gun Factories, Woolwich, to ascertain the 
comparative strengths of the manganese bronze, 
Muntz’s metal, and gun-metal. The diameter of 
the specimens was .533 in., and the length exposed 
to test 2 in. 
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1 |Cold rolled te «| 34.4 39.6 11.6 

2 |Forged and annealed ...| 16.6 30.7 20.7 

8 |Hot rolled and annealed} 15.2 27.4 12.8* 

4 |Cold és - 14.5 29.1 18.3 

5 |Hot rolled mild quality | 11.0 29.0 45.6 
Muntz Metal. 

6 |Rolled and annealed ... 7.8 24.0 54.6 





Gun-metal. 
7 |\Cast ste a 7.0 16.0 16.6 
* This specimen was not broken through the shank but 
gave way prematurely at the base of the thread where the 
head was screwed on, owing to its having been nicked by 
the turning tool. 

The results recorded speak for themselves, and 
fully justify the confidence placed in the alloy by 
manufacturers who are now employing it on an 
extended scale, 























THE PARIS EXHIBITION.—No. V. 

Tue Paris Anthropological Society will make a 
large collective exhibit relating to the science of 
man and to prehistoric archeology. This collection 
will be placed in the central pavilion of the Tro- 
cadéro, and will include as follows: 1. Statutes, 
medals, &c., of the society and their various 
publications. 2. Illustrations of the anatomy of 
man and the lower animals, casts, drawings, 
maps, statistics, and photographs relating espe- 
cially to the anthropological sciences, with plans 
of the organisation of schools, museums, labo- 
ratories. 3, Comparative anatomy: series illus. 
trating brain development; ancient and modern 
skulls of normal type, and others abnormal or acci- 
dentally deformed ; specimens of bone, illustrative of 
customs, superstitions, and surgival practices of 
prehistoric races and modern savages. 4. Represen- 
tations of the actual size of the various human types, 
and an immense variety of objects illustrative of the 
science of man. 

The prehistoric collection will embrace the 
earliest traces of man yet discovered, with geolo- 
gical sections, and information as to the nature of 
such traces, and the localities where they were dis- 
covered. It will then, passing to a later period, 
exhibit human bones, the remnants of rude industry, 
and the fauna and flora of. the geological period, 
the physical state of the globe, the distribution of 
land and water, glacial phenomena and their rela- 
tion with the history of man. Passing then through 
the ages of stone, of bronze, and the first age of 
iron, it will represent the development of religious, 
monumental, and domestic architecture, menhirs, 
dolmen, tumuli, lake dwellings, &c. These will all 
be accompanied with maps as complete and detailed 
as possible. Added to these will be complete de- 
scriptions of important and characteristic localities, 
geographical collections showing the distribution of 
objects in various regions, the origin and distribu- 
tion of plants and animals (especially domestic 
animals), the distribution and migration of man, 
series of objects which by this distribution is illus- 
trated, maps of migration from the most remote to 
the present period, such as the extension of the 
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Roman occupations, the excursions of the Vandals, 
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the progress of the Normans, the invasions of the 
Saracens, &c. ; . 

The ethnography of Europe will be illustrated by 
globes and ethnographical maps, which will be 
intended chiefly to show the distribution of people by 
races, by nationalities, and by religions. Statuettes, 
photographs, and drawings will illustrate the living 
types in their characteristic costumes, isolated or in 
groups, with suitable surroundings, having reference 
to their habits, customs, and religions, Demography 
or national statistics will as far as possible contribute 
information on the movements of populations, data 
respecting increase or decrease, duration of life, 
occupations, &c., relations of inhabitants to the 
ground, densities of population, and methods of 
living. Medical geography will be represented by 
maps and tables, dealing with all classes of sickuess, 
their movements, distribution, and degrees of 
frequency in various countries, and among different 
races; the influence of heat and cold, dryness and 
moisture, and the variation in the electrical condi- 
tion of the air; the composition of air and water ; 
the effect of altitude; the condition of the ground 
and the subsoil, and geological formations considered 
in relation to health and disease. 

Language will be illustrated by maps and tables 
of the geographical distribution of language and its 
idioms, both in ancient and modern times, as well as 
tables showing the mingling of languages, and the 
many patois of France. 

Wé now turn to consider the conditions which 
have governed the Commission with reference to 
the exhibition of machinery, As the Paris Exhibi- 
tion of 1855 it was understood that machinery to be 
properly represented should be shown in motion, 
and a large temporary building close to the Palais 

de I'Industrie was erected for that purpose. The 
success of thisexperiment was complete, andfrom that 
time machinery in motion has formed a leading feature 
of all international exhibitions, The great elliptic 
nave in the Palace of the Champ de Mars in 1867, with 
itsraised platform, from which a view could be obtained 
of the vast collection ; and the immense gallery in the 
Prater in 1873, with a length of over 2600 ft., filled 
with the great variety of mechanical exhibits, formed 
the most striking portions of the two last European 
exhibitions. Equally in America, the Machinery 
Hall, both as regards the building and its contents, 
was the most successful of all the many structures 
and endless collections of the great show at Fair- 
mount Park last year. The organisers of the ap- 
proaching Exhibition had no intention of falling 
behind what has already been done in this respect, 
and if they have not deemed it expedient, as was 
done in Philadelphia, to give mechanics the pre- 
cedence of the fine arts, they have at least allotted 
a large proportion of the available space, and 
certainly the finest portion of the structure in the 
~Champ de Mars, for this purpose. The Machinery 
Halls will be two in number, each about 2140 ft. 
long and 116 ft, wide. It is assumed from ex- 
perience gained at previous exhibitions that about 
1200 horse power will be required to drive the 
whole of the machinery in motion and what is re- 
quired for other purposes, such as lifting water, 
ventilation, &c. The general regulations of the 
Exhibition provide that water, gas, steam, aud 
motive power shall be placed at the disposal of ex- 
hibitors. The administration has therefore to 
arrange: 1. For the laying of water, gas, and steam 
pipes; 2. For the construction and maintenance of 
steam boilers; 3. Steam engines; and, 4. Means of 
transmitting power. In order to carry out effectively 
the manifold duties which this liability involves, a 
special Technical Commission was appointed, whose 
duties were to advise on all points connected with 
the general arrangements, on details of execution, 
on modes of distributing the power required, as weli 
as upon all points which should arise for discussion 
under this head. We shall later on refer in detail 
to the work done by this Commission. 

A Committee of Consultation and Arbitration has 
also been appointed, the duties of which are three- 
fold ; first to revise and correct the arrangements 
made by the State, so as to protect the latter from 
any litigation with contractors of all classes; second 
with exhibitors; and thirdly it constitutes a court 
of jurisdiction in matters connected with patents 
and trade marks, which will assist, first, exhibitors, 
and later on the Legislature, For convenience of 
carrying out this work, the Committee is divided 
into three groups, dealing respectively with ad- 

ministrative, international, and industrial questions. 
The duties of the latter section will include the 
following points: 1. The application of the law 








of the 23rd of May, 1868, on the provisional 
guarantee of inventions, designs, and trade marks, 
2. The organisation of a gratuitous service for giv- 
ing official information to guide exhibitors or their 
agents on questions relating to special legislation 
which regulates the granting of letters patent, the 
protection of designs, or the registration of trade 
marks. 3. The organisation, under the auspices of 
the French Government $£ an international com- 
mittee, charged to investigate’ and report upon 
amendments in the laws guaranteeing industrial rights 
and property. Before the Exhibition of 1867 a 
special decree was made with, reference to the Ex- 
hibition, and which authorised the provisional 
guarantee of inventions, designs, and trade marks, 
by means of a registration, emtrusted to the care of 
the Imperial Commissions! and which could be 
effected in the Commission,offices of the Exhibition. 
This provisional decree was¢onverted into a law 
on the 23rd of May, 1868, &md made applicable, as 
we have already vided tt future exhibitions, 





but it only provided that all provisional regis- 
trations would be received.at the prefecture of the 
department in which thexhibition was held, and 
such registrations could ube effected for a month 
after the opening of sue¢h Exhibition, In spite of 
the importance of the la} of the International 
Patent Congress held in Vienna in 1873, and the 
importance of the leaders of that congress, the 
result obtained had little more than local importance. 
Germany, convinced of the imperfections and un- 
satisfactory conditions of her law on this subject, 
had began to consider the question of total aboli- 
tion, or fair recognition of patent right, and the 
labours of the congress had a considerable in- 
fluence in her decisions; in 1875 the new Ger- 
man law of trade marks was prepared, to be 
followed in 1876 with the legislation protect- 
ing copyright and property in art, while at 
the same time the new Patent Law lately brought 
into force was elaborated. The forthcoming con- 
gress in Paris will take up and carry forward the 
work done in Vienna, and will act somewhat in ac- 
cordance with the following project. Besides the 
guarantees which relate especially to invention, 
copyright, and property in art productions, those will 
be considered which relate to economic science, in 
their relation to commerce and industries, Especially 
will have to be considered, from an international 
point of view, the conditions of exchange and exporta- 
tion, of municipal taxes, of labour, of agricultural 
and mineral productions, of weights, measures, 
money, &c, here will thus be formed, side by 
side, with the material objects exhibited, an ex- 
position of the great economic principles on which 
the international relations of industry rest, while at 
the same time some further useful work will be per- 
formed in laying the foundations for a uniform 
legislation which shall promote and direct the de- 
velopment of international commerce. 


THE PENNSYLVANIA RAILROAD. 
No. XLIIL 

STANDARD TENDER FOR Cass “I” SHUNTING ENGINES, 

Tuis tender, which differs very materially from the 
type employed for the Class ‘ C” engines, is shown 
in Figs. 1 to 12 of our two-page engraving. The tank, 
which holds 2200 gallons of water and 5000 Ib. of coal, 
is of a peculiar form, sloping from the highest point 
where the wings join it down to the level of the 
frame at the rear, The tank measures 8 ft. in width 
over all, and is 16 ft. 0} in, long. The wings are 
each 2 ft. wide, 6 ft. long, and 47 in. high. The 
upper outside angles are rounded with a curve 5 in. 
radius, which curve is continued for the whole length 
of the tank, the body of which slopes downwards for 
a distance of 8 ft. 10} in., and terminates with a 
curve 16}in. radius, and is joined to the bottom 
plates by an angle iron, as shown. On the top is a 
circular opening 15} in.in diameter for filling the 
tender, closed by a hinged cover. The tank rests 
upon a timber platform 8 ft. 5in. wide, 16 ft. 54 in. 
long, and 13 in. thick, and is surrounded by a wooden 
nosing 2 in. thick, The frame is composite, of wood 
andiron, The latter consists of four longitudinal 
channel irons, 6 in. deep, of the section shown 
in Fig. 3, and 16 ft. 2§in. long. The inner pair of 
these frames are spaced 33} in, apart, and the outer 
ones are 20} in. from them on each side, They are 
each stiffened by timbers 4} in. by 5 in. running 
along the whole length on their inner sides, and 
bolted to the channel iron by bolts placed gt varying | 
distances apart, as shown in Fig. 1.‘ Over saa 
truck, whigh are § ft. 7 in, apart from’ certre to 








Fig. 3, isintroduced, It is 16 in. wide, and consists 
of a bottom plate 3% in, thick, rivetted to the bottom 
flange of the channel irons. Between the flange 
and the plate, however, the ends of a plate ys in. 
thick are introduced, one passing from the outer 
pair of irons and over the top of the inner pair, and 
the other from the undersides of the inner pair of 
irons, and over two cast-iron distance-pieces, placed 
17 in, apart. There are thus, including the y-in. 
plating, on which the timber platform carrying the 
tank rests, three thicknesses of plates, while a central 
stay is placed in the space between the cast-iron 
distance-pieces, and is rivetted to the bottom plate 
of the transverse frame, which is again stiffened by 
a bottom plate extending as far as the inner pair of 
channel irons, 

It is to this latter that the cast-iron turning plate, 
which takes its bearing on the centre of the truck, 
is fastened. 

The buffer beam of the tender is 9 ft. 6 in. long 
over all, 12 in. wide, and 12 in. deep, Its form is 
shown in Figs, 1] and 2, from which it will be seen 
that the beams are furnished with cast-iron ends, 
from each of which a post 42} in. high, rises. The 
beam is fastened to the end plate of the frame by 
twelve bolts, three for each channel iron, while the 
central coupling head is also fastened to the same 
plate by four bolts, A deep step runs along the 
whole width of the tender, carried by two wrought- 
iron brackets bolted to the bottom of the beam, and 
two other brackets attached to its face, as shown by 
Figs. land 2, At the other end of the tender will 
be seen in dotted lines the central frame, and pin by 
which the tender is coupled to the engine. 

Figs. 4, 5, and 6 are details showing the mode of 
holding the tank on the frame at one end, Two 
straps placed 4 ft. 54 in. apart are bolted to the upper 

late of the tender, and secured to the timber plat- 
orm of the frame by a bolt passing through the 
latter, and also through a strap rivetted to the end 
plate of the frame. Figs, 7 and 8, page 325, are re- 
spectively a plan and section of the forward end of 
theiron frame, It is composed of a channel iron of 
similar section to the sides, with a plate 21 in. wide 
rivetted to the bottom. The longitudinal channel 
irons running along the whole length of the tender, 
and shown in section in Fig. 8, abut upon the end 
channel iron and are rivetted to it. Fig. 8 shows 
also the hook to which the truck safety chains are 
attached, Fig. 9 is an enlarged view of one of the 
guides attached to the front end of the tender and 
shown in the plan and side elevation. Boards are 
shown extended across the front of the coal space in 
the tender, and rest in the grooves there formed. It 
will be seen from Fig. 1 that these boards can be 
raisedalmost to the top of the tender, so thatthe whole 
of the limited coal space can be filled. Figs, 10, 11, 
and 12 are details of the Westinghouse brake 
Vee om the whole of the Pennsylvania sietela 

tted, 

Figs. 13 to 17 on page 325, illustrate the standard 
tender tank referred to on page 283 ante, where the 
construction, number, and dimension of plates, &c., 
are fully given. 


FOREIGN AND COLONIAL NOTES. 
Locomotives on the Recife and Sao Francisco Rail- 
way.—The expenditure in the ‘‘ loco” department of the 
Recife and Sao Francisco Railway in the six months end- 
ing June 30, 1877, presented an increase of 425/., as com- 
with the corresponding period of 1876. This increase 
in the expenditure is accounted for by the extra distance 
run in the past half-year, namely, miles. The rolling 
stock is in fair working order ; extra repairs are now being 
executed in some of the engines and covered goods wagons. 
Ten new material wagons received from England are in 
full work and give satisfaction. The company owns 15 
locomotives. 

The Suez Canal.—The transit revenue of the Suez Canal 
Company in September amounted to 99,2001., as com 
with 93,3601. in September, 1876, and 86,4001. in September, 
1875. The aggregate revenue of the company in the first 
nine months of this year was 991,705!., as compared with 
900,9251. in the maga | poset of 1876, and 856,8807, 
in the corresponding period of 1875. 

Rolling Stock in Belgiwm.—The Belgian Minister of 
Public Works has held out hopes that several important 
orders for passenger iages will be shortly given out in 
Belgium. The minister desires, however, that one lot 
should be reserved to the German firm which is willing to 
accept the lowest price of the last adjudication. 


Recife and; Sao Francisco Railway.—A large number 
of rails have had to be renewed on this line pmo oy last 
few months. A quae. of sleepers are expected from 
England, and on their arrival they will be immediately put 
into the road, which will then be in the best possible state 
st repair. The girders of the bridges on tho first section 
are at present ing a thorough repair. 











centre, the transverse frame shown in section, 





Iron Barracks for the Russians.—A contract for bar- 
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racks to be built of iron has just been given by the Russian 
Government to the Belgian Metallurgical and Colliery 
Company. ‘The barracks are of course intended for troops 
which are about to winter at the theatre of war. 


Philadelphia Exports.—The exports from Philadelphia 
during July and August comprised passenger cars for 
Brazil and Cuba, coal for the West Indies and South 
America, hardware for Liverpool and the West Indies, 
car wheels for Brazil and Antwerp, nine locomotives for 
Brazil, machinery for Brazil, Liverpool, Antwerp, and 
elsewhere, nails to Rio, Peru, and the West Indies, iron 
pipes to Cuba, &c. 

Belgian Coal and Coke.—In the first eight months of 
this year Belgium exported 2,037,000 tons of coal as com- 
pared with 2,430,000 tons in the corresponding period of 
1876, and 2,600,000 tons in the corresponding period of 
1875. The exports of coke from Belgium in the first eight 
months of this year were 368,000 tons, as compared with 
386,000 tons in the corresponding period of 1876, and 
454,000 tons in the corresponding period of 1875. 


Coal in Texas.—It is believed that an extensive coal 
district is traversed by the Texas and Pacific Railroad, ex- 
tending through Parker, Palo, Pinto, Stevens, and into 
Shackleford counties in Texas. Persons who have been 
recently prospecting this district report the existence of a 
vein of good coal exceeding 4 ft. in thickness, and showing 
outcrops on the different streams running into the clear 
fork of the Brazos. 


Great Northern Telegraph Company.—The number of 
despatches transmitted over the lines of the Great Northern 
Telegraph Company in the first nine months of this year 
was 620,486, as compared with 563,445 in the corresponding 
period of 1876. The revenue acquired in the first nine 
months of this year was 151,447l., as compared with 
154,8681. in the corresponding period of 1876, showing a 
decrease of 3421/. this year. 

St. Gothard Railway.—The direction of the St. Gothard 
Tunnel and Railway has announced that any contractor 
who may desire to inspect the modified plans of the lines 
which still remain to be constructed, is at liberty to 
examine them, with the view of submitting proposals for the 
execution of all or part of the works, on the undertaking 
being reorganised. The season will still allow an examina- 
tion of the country to be made. 


American Mechanical Industry.—The Rogers Locomo- 
tive Works, at Paterson, New Soowan are busy on the 
boilers of some engines which they were recently ordered 
to build for Missouri and other roads. A contract for a 
new roundhouse for the Pennsylvania Railroad, at Pitts- 
burgh, to take the place of the building destroyed dur- 
ing the recent lamentable riots at that town, has been 

iven to Messrs. D. W. C. Carroll, and Co., of Pittsburgh. 

he roof is to beof iron. The Gilbert Elevated Railway 
of New York has given out orders for 7500 tons of finished 
iron. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was again 
a fair average attendance on ’ at Middlesbrough, 
but the amount of business transacted was apparently very 
small. The prices of pig iron were quoted on the assump- 
tion that No. 3 could be sold for 40s. Mr ton. Experienced 
buyers assert that they can obtain all they require of that 
quality for 39s. 6d. per ton. Pig makers are certainly 
having a bare time of it at present. But that which the 
owners of blast furnaces most deplore is the fact that no 
one can yet see any silver lining in the dense black cloud 
which has hung so long over the Cleveland district. All 
hope of any improvement this year seems to have vanished. 


The Finished Iron Trade.—Throughout the North of 
England there is very little doing in the finished iron trade. 
Although many people speak of the iron rail trade as though 
it were a dead industry—and its present prostrate condition to 
a large extent justifies thelanguage they use—yet there are 
those who believe that Cleveland will find employment 
for all her rail mills when trade revives. These san- 

mine people argue that vast portions of the world 
— not yet been touched by railways, and they 
contend that as soon as peace is arranged and con- 
fidence restored, countless money bags will be opened 
for enterprises of various kinds, and iron rails in abundance 
will be required for miles of new lines. It is earnestly hoped 
that these prognostications maybe realised. Meanwhile 
it is satisfactory that the s rail trade of Cleveland 
introduced by Messrs. Bolckow, Vaughan, and Co. at their 
splendid new works, Eston, Middlesbrough, is proving a 
. Mr. E. Windsor Richards, the general 
manager of this powerful firm, has had large experience in 
steel making, and he will no doubt with the magni 
plant at his command, turn his practical knowledge to 
such advantage as will benefit the whole of Cleveland. 


An Iron Works offered for Sale.—Yesterday in the board- 
room of the Royal Exchange, Middlesbrough, Mr. Charles 
Willman, auctioneer, off for sale by public auction the 
North Yorkshire Iron Works, cituate at South Stockton. 
There was a numerous company present, and singular to 
say there was not a solitary bid made for the works. It is 
quite clear that in the present depressed state of trade 
generally, but jicularly the iron trade, people with 

dnish ed iron 


capital are afraid to invest their money in 
works. 
and Shipbuilding.—Engineering is fairl 
ailders having a great deal of work on hand. 
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In July last, in the course of our account of the Show of 
the Royal Agricultural Society at Liverpool, we illus- 
trated and described (vide pages 29 and 36 ante) a form of 
steam pump exhibited on that occasion by the Imperial 
Steam Pump and Engineering Company, of Smethwick. 
Amongst the varieties of this steam pump exhibited at 
Liverpool by the firm just named, we mentioned a vertical 
pump, and of this we now annex an engraving. The 
steam valve gear of this pump is similar to that illustrated 
by us on page 36 ante, and as it was fully described at the 
time we need not refer to it further here. The pump 
proper, as will be seen from the engraving now given, is 
double-acting, all the valves being arranged in a valve 
chamber forming the base of the pump. The pump 
barrel is surrounded by an air chamber, except on one 
side where a passage is formed to give the water access 
to the upper end of the pump cylinder. The pump valves 
in this and other pumps by the same makers are india- 
rubber valves, arranged as shown in the detail view, the 
grids having oblique slots through them, and the valves 
being fitted with a central bush, which turns freely on 
the guard spindle. This form of valve and seating is 
designed and patented by Mr. George Massey, the engi- 
neer to the Imperial Steam Pump and Engineering Com- 
pany, and it is found to answer exceedingly well. The 
water flowing through the oblique slots causes the valve 
to be partially rotated on the seat each time it rises, and 
this partial rotation prevents the valve from being cut in 
any ‘particular places by the edges of the slot. Ex- 
perience has shown these valves to be far more durable 
than india-rubber valves fixed in the ordinary way. 








NOTES FROM THE SOUTH-WEST. 
A Strike Averted.—A threatened strike of 1000 colliers 
at the Blaina pits of the Nantyglo and Blaina Iron Works 
has been averted, the men having decided to resume work 
at the existing rate of wages. The decision has given 
general satisfaction in the district. 


Neath Floating Dock and Harbour.—The first sod of 
the Neath floating dock and harbour works was cut by 
—, Dynevor on Thursday. We must defer further 
etails. 


ines, are unable to get through’ :: Btinglag ‘Woter Supply.—The following scheme for the 
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their work quick enough. The shipbuilders on the Tyng re pplt af water to Liandaff has been 


and Tees have a number of vessels on the stocks. 


Union rural sanitary authority, by Mr. G. A. 
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CONSTRUCTED BY THE IMPERIAL STEAM PUMP AND ENGINEERING COMPANY, SMETHWICK. 
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Lundie, C.E., of Cardiff: ‘‘My proposal is to sink two 
wells in the neighbourhood of the Fairwater Brook, about 
a third of a mile south-east of the Waterhall Farm, where 
there are several springs powerful enough, in my opinion, 
to supply water to a much larger population than that of 
Llandaff. The wells are marked A and B on the accom- 
panying plan, and would be about 120 yards apart, and be 
connected yy by means of ‘ey The water would 
be pumped from the south well by a five-horse power 
engine, to a cast-iron tank to be erected on the hill lying 
about 300 yards to the south. The top of the hill stands 
at a good elevation above the hightest part of Llandaff ; 
but to insure a better head of water, I propose to elevate 
the tank 13 ft. on masonry arches and cast-iron girders, 
by which means the water would be supplied by gravitation 
to all parts of the town. My scheme Gauteualabes also the 
supplying of water to Llandaff-yard, and the houses 
adjacent to the College Iron Works. I estimate the cost 
of the works at 2100/.’’ 


Somerset and Dorset Railway.—Several improvements 
have been carried out on this line. In the first place the 
system of block signalling has been greatly improved. In- 
stead of a given number of “ beats to the right’’ and ‘‘ beats 
to the left’”’ by the telegraph needle (which were brought 
into such prominence during the inquiry into the Foxcote 
collision), a code has been arranged by which electric bells 
are rung in each signalman’s cabin on the starting and the 
arrival of each train. The signalling points have been 
specially fitted with these bells, and while the inquiries and 
responses are most simple, the tones of the bell can be 
heard all over each station. The joint companies have 
also placed upon the lines more passenger rolling stock. 
These are both first and third-class carriages, and will bear 
comparison with the best on the great lines. The relaying 
of the permanent way with steel rails is rapidly proceeding, 
although the work is a very costly one. Mr. Dykes, the 
superintendent of the line, has arranged that all trains 
shall be worked from Bath, with the exception of the few 
which travel between Burnham and Evercreech ; conse- 
quently there are now stationed at Bath upwards of 20 
engines. In fact, for all purposes Bath has now become 
the head-quarters of this system, which has brought thither 
about 150 officials of all grades. 


The Forest of Dean.—The Cinderford Valley house coal 
trade is still maintaining its improved tone. The iron 
trade remains, however, in a state of depression. On 
Saturday the Forest Vale forgemen, Cinderford, received 
a month’s notice. 


Glamorganshire Canal Navigation Company.—This 
company has decided upon carrying out an important 
work in connexion with its floating dock at Cardiff, which 
has been long under consideration. Ata meeting of the 
proprietors on Friday, the report of a special committee 
was approved, by which the company resolved to adopt a 
scheme for making a new tidal basin with an area of 
24 acres, and a dock of about 14 acres. The scheme includes 
the bringing of the whole of the coal west of Cardiff to thenew 
dock without passing either through the town or the Great 
Western Railway, and the total cost of the projected works 
will be 240,000. The estimated income which will arise 
is put down at 51,6581., and the annual expenditure 20,6911., 
leaving an estimated net revenue of 31,9671. The company 
intend applying at once to Parliament for power to raise the 
necessary capital, soas to proceed with the work. 


Bristol Water Works Company. —We hear that the time 
left for legal preliminaries and Parliamentary action in 
connexion with the proposed purchase of the Bristol Water 
Works by the Town Council being short, and other muni- 
cipal questions being under consideration, negotiations 
between the Town Council and the company’s directors are 
deferred, and no further action will be taken in the busi- 
ness, at least in the present year. 


Swansea.—Trade has been somewhat quiet in this dis- 
trict during the past week. The tin-plate trade is still in- 
active, and at the quarterly meeting of manufacturers 
held on Thursday business prospects were reported to be 
anything but bright. 

Newport.—Some quantity of iron ore has been received 
here from Spain. Steam coal has been exported to a fair 





extent, but there has been no improvement in prices. 
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ELECTRIC ILLUMINATION. 

Tue following is Mr. Douglass’s report to the 
Trinity Board, on the experiments con ucted with 
the various systems of electric machines. It will be 
remembered that we published Professor Tyndall’s 
report on the same subject on page 303 of our last 
issue. 
tT Trinity House, April 23, 1877. 

S1r,—Referring to the comparative trials which have 
lately been made at the South Foreland, for the purpose of 
determining on the description of electric machines to be 
adopted at the Lizard, I beg to submit the following re- 


rt : 
“> November last there were submitted for trial b 
Messrs. Siemens Brothers, two of their large and a. 
dynamo-electric machines, Nos. 1 and 58. There were also 
submitted by the British Telegraph Works Company, two 
of their dynamo-electric Gramme machines, both of the 
same size, right and left handed, Nos. 1 and 2. 

These machines were all erected in the engine-room at the 
South Foreland, with the aid of an assistant from each 
firm, and tested by me on the 21st of November last, 
Messrs. Siemens and Sons being represented on the occasion 
by Mr. Hirsch and Mr. Ebel, and the British Telegraph 

orks Company by Mr. Ross, and arrangements were 
made for exhibiting the lights in the lantern of each light- 
house, after sunset, in accordance with a prozramme which 
had been previously arranged by Dr. Tyndall. Two series 
of observations were to be carried out from 8 to 11 p.m. 
Each series was pursued in the following order : 


High Lighthouse. Low Lighthouse. 


1. Holmes M.E. mach. (zompd. with) Siemens No. | ae 
2. 9 99 3° ” oO. ” 
3. 2 % * Gramme machine. 
4. ” ” 29 

5. Gramme pa Siemens No. 1 mach. 
6. Siemens No. 1 = Gramme. 

7. Gramme Se Siemens No. 2. 

8. Siemens No. 2 i Gramme. 


Each comparison lasted ten minutes, the result being 
recorded in figures relatively to the light from the high 
tower, which in every case was taken as five. The ob- 
servations were made afloat from the Galatea, by a Com- 
mittee consisting of the Deputy-Master, Captains Drew, 
Atkins, and Ladds, accompanied by Dr. ‘Tyndall, Mr. 
Edwards, and myself. 

The observations of the Committee have been duly re- 


corded. 

On the following morning the Committee visited the 
South Foreland and witnessed a trial of the machines 
thereat, and in the evening the observations afloat were 
repeated. I may, however, observe, that much reliance is 
not to be attached to these or the previous night’s ob- 
servations, owing, first, to the want of experience in the 
manipulation of the machines and lamps, and, secondly, to 
the fact, afterwards discovered, of a larger loss occurring 
in the intensity of the light in transmitting the currents of 
the new machines through the conducting cables of the 
establishment from the engine-room to each lantern, a 
distance of about 694 ft. to the high lantern, and 592 ft. to 
the low lantern, than with the Holmes machine. 

From the preliminary trials made with the new ma- 
chines, the No. 58, or smaller sized machine of Messrs. 
Siemens Brothers, appeared to be a more suitable one for 
lighthouse work, if used in combination with a duplicate 
machine during states of the atmosphere unfavourable for 
the transmission of light, than their No. 1 machine. 
Messrs. Siemens Brothers were, therefore, requested to 
furnish a second small-sized machine for the trials. In the 
mean time, the assurance had been obtained from the com- 
peting firms that the arrangements for the trial of the ma- 
chines in charge of the engineer and lightkeepers at the 
South Foreland for regular lighthouse work were quite 
satisfactory. On the 15th of January last I despatched Mr. 
Ayres to the South Foreland, for the purpose of completing 
the arrangements for taking photometric measurements of 
the light produced by each machine, and the amount of 
horse power absorbed in rotating it. On the 17th I joined 
Mr. Ayres at the South Foreland, when I found the 
arrangements all completed, and some preliminary measure- 
ments taken of the intensity of the light produced by the 
machines, and the horse power absorbed in rotating them. 

For the photometric measurement of the light the flame 
of the Trinity House six-wick lamp when consuming 
colza oil, was adopted as the standard. This lamp was 
placed at a distance of 100 ft. from the electric lamp, and 
the measurements were taken by a Bunsen photometer. 
The six-wick lamp was maintained, as nearly as practicable, 
at its intensity of 772 standard candles, and this intensity 
was checked from time to time by candle measurements 
taken with a separate Sugg photometer. The adoption of 


does not exceed 180 deg. In these cases the rear light is 
either wasted, or is utilised, as far as p ble, by special 
auxiliary optical apparatus. With the dynamo-electric 
machines of Gramme and Siemens, the current is con- 
tinuously in one direction, viz., through the top carbon to 
the bottom one. The top carbon is thus consumed ata 
greater rate than the bottom one, anda crater is formed 


Fig]. Fig.2. Fig. 3. 








in the top carbon, as shown in 
Fig. 2. It will thus be seen that 
a portion of the light is prevented 
from being fully utilised in the 
extreme upper prisms of a dioptric 
apparatus by the edge a b of the 
crater. In order to avoid this loss, 
and obtain the maximum of light 
from the carbon, they are usually 
so placed in the lamp that the 
axis of the bottom carbon is nearly 
in the same vertical plane as the 
front of the top carbon, as shownin Fig. 3. is arrange- 
ment has the effect of sending a condensed beam of light of 
maximum intensity in one direction, and moreover the light 
is much steadier than with any other ment of the 
carbon points, in consequence of the current through the 
upper carbon being held steadily at the front edge a. [ have 
found with this arrangement of the carbons, and assuming 
the intensity of the light with the carbons having their 
axis in the same vertical line to be represented by 100, the 
intensity of the light in four directions in azimuth, say east, 
west, north, and south, will be nearly as shown in Fig. 4, 
viz. : 


Fig.4. 


East or front intensity as 287 to 100 
North or side - 116 ,, 100 
South ,, 116 ,, 100 
West or back _s,, 2 
5574 
Mean intensity as ... ove 139 to 100 


I am of opinion that a mean of the front and side in- 
tensities may fairly be taken as representing the value of 
light for lighthouse illumination, thus : 


East or front intensity as ... 287 to 109 

North or side i 116 ,, 100 

South ,, 99 116 ,, 100 
519--3= 

Mean intensity of ... 173 to 100 


We have thus for lighthouse illumination a mean in- 
tensity 73per cent. greater than with the carbons having 
their axes in the same vertical line. I am of opinion that 
this mean intensity fairly represents the value of the electric 
light for lighthouse illumination from carbons with con- 
tinuous currents as compared with the light from the same 
carbons, through which are sent alterna currents. 

In measuring the candle power of the light produced by 
each machine, I have given the mean intensity obtained in 
the direction of the photometer, the carbons in lamp work- 
ing with the Holmes and Alliance machines being ne 
arranged with their axes in the same vertical line, and the 
carbons in the lamp working with the Gramme and 
Siemens machines being always arranged with the front 
edge of the top carbon nearly on the centre of the bottom 


carbon ; therefore, in comparing the lights — b 
these machines with those produced by the Holmes an 
Alliance machines, a reduction should be made in the pro- 


portion of 287 to 173, or as 100 to 60.3. 

January 18th.—On this day measurements were taken of 
the light from the following machines, viz., 1 Holmes, 
2 Holmes, the experimental magneto-electric machine of the 
Alliance Company, 1 Gramme, and 2 Grammes. Indicator 

i were also taken for the horse power absorbed by 
each machine : 





the powerful flame of the six-wick lamp for the measure- 
ments of the intensity of the electric light has been found 
to materially facilitate, and add to, the certainty of the 
operation. The white colour of the flame of this lamp, 
compared with that of the English standard candle, or 
French standard Carcel lamp, is greatly in its favour for 
the purpose. 

ith reference to the method adopted for determining 
on @ mean value of the electric light for lighthouse illumi- 
nation, a brief description would here appear to be neces- 
sary. With the magneto-electric machines in use at the 
South Foreland and Souter Point the currents are alter- 
nating, and the points of the upper and lower carbons are 
consumed at an equal rate ; moreover, they both ke 
of the same pointed form, as shown in Fig. 1 form 


of these carbon points is very favourable for utilising a 
maximum vertical angle of the light ; and horizontally the 
equally in every direction, which, for light- 
, 1s not always required, as it more frequently 
sea surface to be illuminated 


lightissent nearl 
house pu: 


happens that the sector o' 




















Mean Condensed |Mean Diffused 
ight. Light. 
Standard Standard 
Candles. Candles. 
1 Holmes M. E. machine 1494 1494 
2 = e owt 2721 2721 
1 Alliance a ase 1953 1953 
1 Gramme a 5333 3215 
2 - os 9126 5501 
January 19th.—Measurements were taken of the light 


roduced by the Siemens No. 1 and No. 58 machines. The 

ight produced by the latter machine was tested against the 
light produced by the Gramme machine, and the light 
roduced by one Holmes machine against that uced 

No. 58 Siemens machine, the lamps being 100 ft. apart. 
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Mean Condensed |Mean Diffused 
bee ight. Light. 
Standard Standard 
Candles. Candles. 
No. 1 Siemens machine... 14,573 8784 
No.2 Re % 5,920 3568 





With 1 Gramme versus No. 58 Siemens, the relative in- 
tensity was found to be ss 100 to 100.6. With 1 Holmes 
versus No. 58 Siemens, the relative intensity was found to 
be as 100 to 384. The last two experiments were checked 
by neem g the conducting wires and lamps. 

January 20th.—On this day the lights produced by the 
machines were tested against each other as follow, viz. : 


1 Gramme versus No. 58 Siemens. 

1 Holmes o. 1 pe 

1 os 2 Grammes. 

An experiment was also made for determining the rela- 

tive intensity of the light and horse power sheotall by the 

Siemens No. 58 machine, when running at half and full 

speed. With the machine running at half speed the light 

was found to be so unsteady that it could not be co’ y 

m The relative intensities of the light produced 
by the machines tried to-day were as follow, viz. : 


1 Gramme versus No. 58 Siemens as 100 to 116 
1 Holmes 1 oe » 98 100 to 557 
1 ” ” 2 Grammes as 100 to 663 


Other important duties requiring my presence in town, 
it was necessary to defer further trials for a few days. 
On the 25th of January, Mr. Ayres returned to the South 


” 
” 


Foreland and made some s with the second 
No. 2 machine of Messrs. Siemens, which had been 
delivered by them, and fixed during our absence by Mr. 
Core, the engineer in charge at the lighthouses. the 
following morning I joined Mr. A at the Foreland, and 
comparative trials were made of the two small machines of 
Messrs. Siemens, numbered respectively 58 and 68, when 
the intensity of the light was found to be as 100 for 58 to 
109.5 for 68, being 9.5 per cent. in favour of the latter ma- 
chine. Ar ments were made to-day for the intended 
panctiont nightly trial of the light from the Gramme and 

iemens machines in the lighthouse lanterns, and the 
follo instructions were given to the engineer in charge : 

“The light from the No. 2 Gramme machine to be ex- 
hibited in the Low Lighthouse, and the light from the 
Siemens No. 58 machinein the High Lighthouse. A Serrin 
lamp, fitted with gin. square bottom carbon, and } in. 
square top carbon, to be used in connexion with each ma- 
chine. A Holmes lamp, fitted with carbons of the same 
size, to be kept in seniieaaa on each lamp table, for use 
“TE oe time occupied in renewing the carbons. 

‘*The machines to be worked on each night from sunset 
to sunrise, and a record of their performance to be kept on 
the form provided. In the column for remarks, the 
following points are to be particularly observed: 1. 
of commutators and brushes. 2. State of bearings as re- 
gards heating. 3. Removal and repairs to brushes.” 

The reports of the performance of the machines are 
appended to this rt. At sunset, 4.37 p.m., I saw the 
two machines started, and remained until 9 p.m. witnessing 
the performance of them and the lamp in each lantern. 
Two powerful steady lights were maintained, and both 
machines were found to run without any considerable in- 
crease in the temperature of the coils or flashing at the 
commutators, or any heating of the . On reaching 
Dover with Mr. Ayres, we proceeded to the outer end of 
the Admiralty Pier, where both lights were observed to be 
shining very brillian iantly, and of nearly equal intensity. 

January 27th.—On our arrival at the South Foreland 
this morning, we found both machines in good order, and 
that ‘eo had worked satisfactorily throughout the 
night. riments were made to-day with one of the 
Gramme machines, fogthe of determining the re- 
lative intensity of the di beam of light from the 
carbons in the lamp, with their axes in the same 
vertical line and the condensed beam of maximum intensity 
in one direction. The relative intensity was found to be as 
100 for the diffused beam, to 291 for the condensed 
pe In the evening Mr. Ayres and myself returned to 

on. 

On the 2nd February I in visited the South Fore- 
land, when I found that the me and Siemens machines 
had worked fairly for the five nights they had been running. 


On the second night it was to stop the Grarame 
machine for four minutes, to adjust one of the commutator 
brushes for preventing the flashing. 


On the seventh Le ge after running nearly 14 hours, the 
Siemens machine to be stopped and substituted by one 
of the Holmes machines, the commutator brushes having 
burned out, and the pape of the coils seriously in- 
cre in consequence of the current not leaving the ma- 
chine properly. This might have been avoided had spare 
commutator plates and brushes been supplied with rere 
machines. I'he Gramme machines are provided with two 
commutators, which are difficult to repair or renew, and 
the Siemens ines have only one commutator, the parts 
of which are inexpensive and easily ired or renewed. 
At these commutators, wear and tear must occur, even in 
the hands of the most experienced attendant. 
in working the electric lamps with } in. square top carbons 
and #in. square bottom carbons which were found to give 
& maximum intensity of light, the Serrin lamps could not 
be maintained perfectly in focus, owing to the consump- 
tion of the lower carbon being more rapid than the upper 
one. I therefore instructed the engineer in charge to fit 
each lamp with }in. upper and lower carbons for the re- 
mainder of the experiments. 








Ke results were as follow : 4 aN 


(To be continued.) 


© 
. 















ENGINEERING. 


[Ocr. 26, 1877, 








METALS. 
£ 


ANTIMONY O88 (per ton}— 12 
Regulus (Star) ....cccorcoee $8 
Brass (per |b.) — 
Sheets, 48 K 24 reereeesereeree 
Yellow metal .....rceee 


CASTINGS, TYNE AND OLEVS™\ARD 
oe yoni £ 


Chairs 
OoPPER ou ton)— 
Chili DAFs ..,....c0sccceereeees 
Australian ..,.... . 
Raglish tough, best. 
pe ingot ...... 
Sheots, &c. ,.,.... 
BOttOmas, 4.04 sseseecee-sereeres 
1a0N Ones r ton)— 
Red b ciate, British 
P' 
nom Pie (per ton)— 
Barrow No, : coecesceocesoes 
e a3 


sae 
Peo 


eos 

7 

eunoPF «wo 
- 


a 
wn 


coP eccen 


Other qualities ecconeseee 
Welsh (South Wales) .., 
» (orth Wales) .., 


ecooo’scocoece 


G.m.b sGinege 
m.b., & iw. 
Gartaherrie ..,.....0.00.0000 





Govan, at Broomielaw... 
Calder, at Port Dundas... 
Ly ~ ysl at Ar- 
Rglinton, “ditto e.: oo 
llington, ditto...... 
Carron, at Grangemouth 
Ditto, specially selected 
Shotts, at Leith .....00000 $5 
Kinneil, at Bo'ness... $8 2 
(The above all deliverable p om de). 


©D COANR CLCEORR0000 oF 


Sh ITO oee.coree- 
North Staffordshire 
South 


Yorkshire Thornaby pig. 60 
Ridsdale Nos, land? .., 90 


Iaon, WROUGHT-- 
Oleveland angles,,,......00 
P DATE csvwesereeee 
° uddiled bars... 
® oiler plates.., 
rails 


neeseereeens 


eoon® etcooog 


b 
Scotch ane seeccocceeeoccoens 
Stalfordshire DALE --cccesee 
. ler seoeee 


HOOPS sseee 
Welsh ‘rails, BW. rcow 
» bars soeceeses 
» boiler plates, S.W 
* aren S.W. 


LeaD v8 


Pash "se sceseseee: 
3 BES adbicces 
Puosruon Baonss— 

(POT CWE.) r.croseeecerereres 
QUIOKSILVER (per bottle) 
Sorap (per ton) — 

Old ls for re-mana- 

PROLUTO ricrcrssessererseeree 
SPRLTER (per ton)— 

Silesian, ordinary ........ 19 
§ 21R@ ELEISEN (per ton, — 

Bes cc 

0 ove 
SrsggL (per ton)— 

Best cas 


oeeneeeee 


© ome he ears Onmo ane 


eteee 


=o 
=~ soks 
~ om 
“eo o~wou 





~ 7“ 
emecocoveceo 


axles oeeeesoeeree 
DUCES .., eo seeees 


- 
e@noogeooooo 


’ INGOs ... srrvee-ee 
Sepet Castines (per cwt)— 
Hydraulic cylinders in 

rough not to ex- 
cood 6 ft, in length, 





swages, 5 cwt. and 
above 

Holders. up ‘for rivetting 
machines, &c., 1} tod 


PRICH LIST 


OF MATHRIALS. 





STEEL CASTINGS -Continued.s. 4. 
Side cranks, cross heads, 
crane wheels, engine 
slides, &c...,. 24 
Tumbler bars and other 
castings for dredging 
purposes 
Swepise [Ron (F.o.b.) at 
Gottenburg — 
Bar ‘Folled 
” 


= (per ton) — 


eee teereeee erences 


00 -seregseeneeseeees 





Tim a oer box) 


LO. he 


Tele @ . enssensdecvessenseuen 
ZUNO (per ton)— 
Sheets, English ........0.. 
Wig, Fencing . 
» Telegraph (gaivan’ 3d) 


COALS AND © 
COALS (per ton)— 
row 
Bristol ....cecceee 
— 


O08 COR r ee reer eeren 


N mowenstio and Durham... 


Beatordahize 
| nme ose eves 
Yorkshire. escceccecescoscceese 


CoKks— 
OlOVElADA” wecccocsrsssrersserees Q 6 
Durham 20 ° 


s0O see ree ceereeeesees 


FPecooP oocooon 








WO was aac o” 
eccoococo 








OILs (per tan) 


GRID co ccoccesnccee-coccsentenenee 
PsTRoLEUM— 
Fine (per SALON) coveeses 
» Sp irit,... a00ee ceacencetecs 
— ritish cwt)— 


seesesoerenerenveneneces 





PLoMBago (per owt. e 
Ceylon LUMP ..sceossrvceres 
chips ... 

USE 0.000 csccereeres 
~ — (per 


Resiy Nn 
POR CORO OCE ORR COR ETE 


TALLOW (per cwt.) 
N. American 
8S. American beef 


lish 
-Stockholm (per barl.) 


at. irit— 
American (casks) ......... 


WIPLINGS, engine (per cwt, 
CHEMICALS, 
AciIps— 


Aquafortis (per ID.) ..... 
Sulphuric acid (per Ib.) 
Sulphuric acid, brown .,, 
Ammonia — Muriate (per 
ton)..... 
ARSENIO. 
White, lump (per cwt.) .., 
Powdered (percwt.) .. 
BLEACHING powder percwt. 
Borax—refined (per cwt.) 
a (per ton)— 


eacecow loom 








& 
af. eo 


seeeeeereenee seneeres 


BS owd2S™ ooo? 


ctur 


“w~eonsoowcos 


ton)—... 
— — Sulphate. ‘ger 
wt.) 


seeceeccesssceecenceesse = BI 





poe Sats, &c., (per cwt.)— 
Acetate, best 
Brown 


eee ree reneeeces 


WEED... cxvcuiotnenes 
LITHARGE (per ewt) ceeceeece 
——— chromate (per 

h) ceccccccecccccesecncccesccs 
SALTPSTRE (per ton.) 

nglish refined, kegs .., 

BL ccccccccecccccoscesccces 

SODA Caustic crocccccecssseeees 

we COPY BEANS .cccccccccsccecese 


—=oOeoco « 


10 
10 
ir 
It 
11 
190 
10 
It 


eSumin~ aS PSP ooo, 
SoSPeoooPor gums 


an 
u 
co 
nm 
w 


eos? o 


Son? coco 


AADAC CAOP 


OILS, GREASE, wes! ee Ly 


eooocoonoeo =) 


eo 





TIMBER, DEALS, &¢. 


LONDON. 
(Per Petersburg standard) £ s. 
Archangel Ist yellow...... 19 § 
0 creeee 14 
Petersburg coccces.eccccoeces 3S O 
WYyDATe ncc.ccccc-coccosce-ss000 3$ O 
Petersburg & white g 10 
bristiana deals, t 
sorts, yell.and white... 
Norway deals, other 
BOTS ..,..ccccceveerescesces Ir 10 
Norway battens, all sorts 9 
Swedish deals mixed ... 18 
Swedish deals 3rd ......... 1§ 
— deals, inferior 
00°00 .esceeses 12 


4th ....... 
(Battens 60s. less 


deals) 
Finland deals ........c.s0+0 
” battens .....0008 
H. 8. deals ... 10 
»” H. 8. battens... 10 


AMEBIOAN DEALS— 
--. - ae 40°00 
2nd oo OS GOERS 
srd 7 $0 10 © 
Floated pine 40s., 20s., “and 10s., less for lst, 
2nd, and "3rd, ‘respectively. 
Oanadian spruce, 1Bt..e.ee to © 
” ” oo 8 © 
” ” érd oe 7 5 
New Brunswickspruce,,, 8 © 
Ditto battens .roce....c00008 7 10 
N.S. & P.E, Isle spruce 7 10 
U, S. pitch pine ........... 12 10 


. ~ 1 ae oe load) 
and 


Mpeilaing) neernnee 


Do. for 7 de and spars 
Yellow pine, large 
Ditto waney board 


£8. 
20 © 
16 © 
18 10 
1s 0 


© eocoo 


14 10 


16 90 


ee eee ee eS 
eeeceeecegooeooeoecoo 
=O Gt Ccn CMW AMS 
~ — om 
eoeceecoocoouncoooo 
ecoeceoecooeoooooooe 


Indian teak ............. 
British Guiana 


IE .cerecssercereeseeees 


hea 
Australian ironbark ,.,... 
BALTIic TIMBER (per shin 

Riga 


T scecccceessescscees 


Dantzicand Memel crown 
» ist en 


aon 
eo 
uo 
eo 
coo 


“oe wae 


aS 
se & #4ue 


ALIN Z..0.ccceseeeee 
undersized ...... 
small, short, and 


Stettin . 
edish 


veve 


» and ” Norway 
DALES ese senrseens 


FLOORING BoARDs (per sq. 
of 1 in.)— 
Firat yellow... .cossseseseseee 
whi 


te . ooee 1 
Second qualities .. en 13 
The above prices. “at “he Docks.” 


LIVERPOOL. 

WHOLESALE PRicks OF TIMBER, DEALs, &0 

From BRitisH NoRTH AMERICA. 

Pins Timber (per cubic 
foot string measure) £ 8. 
Quebec sated — a @8 
ps 2 
St. Sohne N. wb. i 18 > 2 
Miramichi and’ British 
OCDBIOUL ..crscreerserceseeres 


p= 


tna 
cook 


- 
» “An coos coe ““* Wann 


ted S' 
Birch, St. senate bo. NB, 
” muebec.. 


seeeeeees 


ova Scotia and 
Prince Edward Island 
DEALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, Ist.., 
Quebec — pine, and” 


St. John, "Bangor, &c, 


BPTUCO  ...seeceersesreracees ° 


Ditto, other por $ 


° 
tess? oor iibomn ‘ 
Taane) ecccnscesseccetececcosss § © @ § 10 © 
From $e Fee Ooo Dot me Wast 
INDIES, AND 
(Per cubic am las 
measure) 


Pitch pime, hOwD  ve.sese 
yp BBWD scenes sceeen 


co ’6Re oct QOOe 


£6 
e1 
o1 


4 
” 4 
o 





THuRsDAY, Oct. 25, 1877. 
£a4a 
Pitch pine planks ....... 0 © 2 
United States oak logs ... 0 1 6 
ast load calli S— measure) 
(per ld.) 10 15 I 
Cee ee eeee teres eet 1° 
Demerara MOrra....co.c0e § 15 
Bullet tree (per foot)...... @ 2 
FROM THE BALTIO, £0. 
Gee. string measure) 
tzic and 


£8.4a 
or, 
e206 


Memel Crown .00..4005-+, 
baa ditto, other kinds 


a. "enetresenersecosceoees 











feu coecer cen coeccocecoocces 


(string m 

Pit props per vr lineal y 
DEALS, &.— 
(Per Petersburg standard) 
Redwood, Archangel, and 

Onega, eptesmoged00, 16 
Ditto, ditto, 2nd sso. 13 10 
Redwood, Petersburg 1st 16 10 
14 0 
12 0 
10 10 
Ir 19 


WYyDUrE --eccveee 
Uleaborg ...... 
Gothenburg .., 
Gefle and Stock- 


NOPWBY..s.+0008 

Ditto white ... 
Manogaxr, &c. (per ema 1 - 
pw J St. Domingo ° 


OeVoD FUQ@w 


HULL, 
(Per load). 
Memel crown firtimber ... 4 7 
3 10 


” ” 2nd 
Riga and Danizic Ist ..,... 4 § 
3 0 
210 
23 
117 


nami 9 BBE. ccocce 
w oss 
BAL] ..r0s0ececeeeee 
Mining tIMDET ..+.00eeeeeeeeeees 
(Per cubic foot). 
Quebec OlM ... seccerressecseeeee 
” = 





- 
aqn00000 


ecoooeoeoooo “noron 
Seornannam eooocodd0 


WD  cecccccccece 

(Per Petersburg standard), 
Best Arch, and Onegared.., 19 10 
Pet. red 3x11 & 3x9 19 0° 
* white .,, 11 © 
Wyburg TOD. crcccoceseesseeees 14 10 


seeceeceeees 


4t 
Gefie and Soderham mixed 16 10 
Baltic 1st red flooring bds. 14 © o 15 © 
Ditto WIC cccisecsoccersereeees IL O O IL 10 
Charge for labour 2s. per standard for deals, 
andis. 6d. per load for timber. 


WEST HARTLEPOOL. 
(Per cubic foot ) 
Dantzic good middling fir... o 1 5 
Ditto common middling fir o o 11 
Sundowall fF .....000cccrereee © ° 
(Per Petersburg standard.) 
Riga crown white deals...... 
Geile Ist red deals ....... 


F¥ cooccecoco0e 


=o 
- 


4 
é 


_ 
wy 
- 


eeo00 
*®oOcuw 
aeo000 


4th eoevecece 

unsorted white deals 
Tunadal ist red deals 
DAttONS......ececeeee 
8rd oo deals 


euno 


” 
” 
—— 


batte: 
Gottenburg ard red ba 
Petersburg Ist red — hg 
Quebec Ist pine 3in. x 7in 
and UPWArds..,........00000 
Ditto, ditto, 2ne .... 
Ditto, ditto, 8rd ...,.,.cesersee 
Charge for labour 2s. per standard for dea 
and ls. 6d. per load for timber. 


WISBEACH. 
(Per Petersburg standard.) 


ecoooecod 
eeoaono°o 


&c. 


Feeo nono 


Petersburg Ist red battens 
Christiana white battens... 
Tunadal = red ose 
o ee 

3rd» die 
Wyburg Ist red deals ...... 
én battens ... 
2nd red deals and 


” 


eesoanaqoaceo 


SEOTIS 20, creereesceveereeeees 
Wyburg 2nd. boards ... 
Free on railway 


©@a .cogmecoo0Pdoo0d 
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FIXING BOILER TUBES. 
A Few weeks ago* (vide page 199 ante) we gave an 
account of some interesting rr on the hold- 
ing power of boiler tubes, fixed in different ways, 


widely different, namely, 29,050 lb. and 19,950 Ib., 
the strength in one case being nearly half 
again as in the other. Judging from this, and from 
the manner in which the fracture occurred, it would 
appear as if tube No. 2 had been more or less injured 
which had been carried out by Chief Engineer W. | in the rivetting over. This deduction is corroborated 


as t 


occurring in the case of tube No. 4 at the lower 
end, while in all other cases it took place at the 
upper end, The strains required to draw the tubes 
varied greatly, as will be seen by the Table, and 
altogether we are justified in assuming that with 
this mode of fixing a great deal depends upon the 


H. Shock, U.S.N. The experiments there described | by the results obtained with tubes Nos. 3 to 7, all | care with which the rivetting over is performed. 
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were all made upon brass tubes, and we now pro- 
pose to give an account of other experiments of the 
same series made with iron tubes, the results of 
these experiments having been kindly placed at our 
disposal by Chief Engineer W. H. Shock. The 
manner in which the strain was applied to the 
ype to draw them out of the tube plates was 

e same as that adopted in the case of the brass 
tubes, and it was fully described in our former 
article already referred to. The expander used in 
the case of these iron tubes was Dudgeon’s well- 
known roller expander of which an engraving is 
annexed, 

_The iron tubes used had in all cases an external 
diameter of 2§ in. at the large and 2} in. at the 
small end, while the sectional area of the metal of 
each tube was 0.981 square inch, The modes of 
fixing adopted for the different specimens as well 
as the manner in which each tube failed, are shown 
in the annexed engravings, while the Table also 
annexed gives the strains at which each tube drew 
from one of its tube-plates. As will be seen from the 
diagrams, each tube was reduced to the smaller 
diameter (2 in. outside) only for a distance little 
greater than the thickness of the tube plate at one 
end. The upper tube-plate (that into which the 
larger end of cash tube was fixed) was in all cases 
of iron yy in. thick ; the lower tube-plate, on the 
other hand, was in the case of the fifth, sixth, 
seventh, and eighth specimens of copper § in. thick, 
while in all other cases it was of steel 3 in. thick. 

The two first imens tested were simply ex- 
panded and rivetted over at the ends, each tube at 
the lower end being encircled by a thin copper ring 
interposed between it and the tube-plate. Bo 
these tubes failed in exactly the same way, namely, 
by tearing just under the rivetting in the upper tube- 
plate, but the strains at which they gave way were 





* In the illustrations to our last article on this subject, 
Figs. 1 and 2 accidentally became transposed. The error 
was, however, an evident one. 
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Tube No. 8 was fixed on in the same way as those 
of which we have been speaking, but its mode of 
failure was somewhat different, as will be seen from 
the diagram, In this case the rivetted portion was not 
torn entirely off, but was crushed up sufficiently to 
allow the tube to draw. The failure in this case 
resembied that of the brass tubes fixed in the same 
way, as will be seen by reference to our former 
article. Tubes Nos. 9 and 10 failed in the same way as 





Resvutts or EXPERIMENTS ON THE Frxtnc or [Ron BorLeR TuBEs, CONDUCTED AT THE WASHINGTON Navy 
Yarp, py Carer Encinesr W.H.SxHock, U.S.N. 











. 5 ge 
o- 8 
H : i 3 - Material and Thickness. ‘ Bs pee 
BS) A AS] og |g. Method of Fastening. age 
£.| 3 |sa| °3 - gies 
gs} 3 | 35 8S 3 Upper Tube | Lower Tube : 3 
wFl 6 | 5% S|; Plate. Plate. & 
in. in. | 8q. in in. in. in. Copper ea ae deg. 
1} 2 23 -981 28 Iron Ys Steel 2 { plate, ends of tube 68} | 29,050 
rivetted over. 
2 ” ” ” ” ” ” ” Ditto. ” 19,950 
3 ” ” ” ” ” ” ” Rivetted over. ” 26,900 
4 ” ” + ” ” ” j ” ” ” on 
|e eae es eG eee ed ie ee eS » | 37'300 
7 ” - 99 9? ” ” ” ” ” ” ” bry 4 
oo 4.8) cb Bike joa Parily rivettod. | 8700 
Rn Bien Binh oF iets Be - se Gune ” | 39/700 
12 ” ” ” 99 a9 ” ” . 7, ” ” 29,650 
13 ” ” ” 25 ” ” ” Simply expanded. ” 11,300 
14 ” ” ” ” ” ” ” 9, ” ” 14,800 
15 ” ” ” ” ” ” ” 2} in. by 2} in. and 2 in. ” 8,850 
by 24% 
16 ” ” ” ” ”” ” ” Ditto. ” 5,950 
Tube plate holes taper 
17 ” ” ” 2% ” ” ” rile Te bag in, and 2} i} 71 22,100 
in. 
18 ” ” ” 25 ” ” ” ” 17,550 






































of which were fixed in the same way, except that | No. 8, but in these cases the es over was only 


the co 


rings round the lower ends were 

while tubes Nos. 5, 6, and 7 were, as we have said, 

fixed at the lower ends into copper tube-plates in. 

thick. In all these cases, as will be seen 

i , the failure took place by ee 
“so . this 





by the 
of 
tearing 


partial, the tubes being merely slightly bell-mouthed 

and the strain at which hey bnew from their tube- 

rr agen etal ager of tube 
0.. 


8. 
The two next specimens, Nos. 1] and 12, were 
fitted with iron ferrules, and although they were 
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not beaded over, they afforded a very high resistance, 
in fact about double that obtained with brass tubes 
similarly fixed. In the case of No. 11, the failure 
took place from the drawing of the lower end from 
its tube-plate, while in the case of No. 12 the tube 
was torn through just inside the lower tube-plate, 
but the strains required to produce failure in the 
two instances differed but slightly. 

In the case of tubes Nos. 15 and 16, the ends 
were bell-mouthed into taper holes, but, as in the 
case of the brass tubes, this mode of fixing gave a 
very low resistance so long as the taper in the holes 
was slight. When, however, in tubes Nos. 17 and 
18 the taper of the holes was made ,% in, in the 
thickness of the tube-plates (instead of ¥, in. as in 
tubes Nos. 15 and 16) the resistance was vastly 
greater, and was in fact about equal to that of tubes 
rivetted over and fixed in parallel holes. It is to be 
noted that all the tubes 15 to 18 drew from the 
lower tube-plate, notwithstanding that, from that 
plate being somewhat thinner, the taper was slightly 
sh r in the lower than in the upper holes. 

together the experiments on iron tubes confirm 
those on brass tubes previously described, and the 
whole series of tests is of much value. It may be 
remarked that the tubes employed in these ex- 
periments were all smaller than are generally em- 
ployed in marine boilers in this country, and it 
would be of interest tohave Chief Engineer Shock’s 
researches supplemented by others in which 3 in. and 
4 in, tubes were dealt with. It appears probable that 
the holding power will vary directly as the diameter 
of the tube so long as the thickness of the latter is 
duly proportioned to its diameter, and even a few 
a gg to prove or disprove this would be of 

ue. The influence of thickness of tubes is also a 
point which requires additional investigation, and we 
trust that some firms here will take up the ‘matter, 
and c out some further trials with larger tubes. 
We need scarcely add that we should have much 
pleasure in publishing the results of any such ex- 


periments, 





NOTES ON GAS MAKING.—No. IX. 


By R. H. Patrerson. 
Tus StLtpHur Question in Lonpon. 

Tue sulphur question is this year to be fought 
over again in Parliament, as it has been many 
times before. From 1860 downwards, every London 
Gas Bill has been accompanied by discussions of this 
sulphur question, and the most eminent chemists 
have given evidence before Parliamentary Com- 
—— regard to it. Two years ago, however, 
the opposition made by the gas companies upon 
this point ceased; and now after an inte of 
acquiescence, they are renewing their opposition, 
but with a total change of ground. Until 1875, 
when the last fight took place in Parliament, the 
companies used to object to a sulphur maximum 
being imposed upon them, on the ground that there 
were absolutely no known means of extracting 
this impurity from gas; but this year they are 
about to plead that, although they are now able 
(thanks to whom?) to extract the sulphur, they 
can do so only by a large use of lime, which 
material necessarily creates a nuisance to the 
public, and thereby exposes the companies to 
— and actions for creating a nuisance. 
As I have previously shown, this allegation that 
the employment of lime is indispensable for the 
extraction of the sulphur is altogether groundless, 
The Journal of Gaslighting itself acknowledges this 
to be the case, and I have shown how the extraction 
of the sulphur can be effected without nuisance in 
any locality, not only by one but by several alter- 
native processes, The companies are also about to 
maintain that the complaints as to the mis- 
chief done by the sulphur in the gas are a 
‘* bugbear,” and that the sulphur really does no 
harm, or at least. that the » Hh is so 
trifling that, as regards the extraction of this im- 
purity from the gas, ‘‘ the game is not worth the 
candle,” 

It is a noteworthy fact that it was a practical 
experience of the mischief by the public—it was 
the —— actually done by this culphasie impurity, 
that first led to the discovery of its existence in the 
gas, which until then had been unsuspected. This 
was in 1850, Dr. Letheby and other chemists were 
called in to investigate the cause of the done 
by gaslighting in the Athenzum Club and elsewhere ; 
the nature of the damage led to the conjecture that 
it was occasioned by sulphur-acids; yet the gas 
was wholly free from sulphuretted hydrogen, the 





only form in which sulphur was then known to 
exist in coal gas. But on burning the gas in a 
suitable apparatus, and testing the products of 
combustion, sulphur was found present in consider- 
able quantity—of course existing in the gas in some 
other form than sulphuretted hydrogen. Hence 
this impurity was at first and still is generall 
designated ‘sulphur in other forms than ou. 
phuretted hydrogen.” By-and-bye its actual com- 
position became known, Coal gas is a hydro-carbon, 
a compound of hydrogen and carbon, so that what- 
ever sulphur exists in the gas must be in com- 
bination either with the one or the other of these 
substances—of which the hydrogen largel re- 
dominates. Sulphuretted hydrogen, or sulphide of 
hydrogen, is the only form in which sulphur unites 
with the hydrogen ; accordingly any other sulphur 
found in the gas must exist in combination with the 
carbon; andthe only compound of this kind (viz., 
of sulphur with carbon) that has ever been found, 
although the matter has been carefully investigated 
by chemists, is the bisulphide of carbon; and the 
bisulphide of carbon has been constantly found in 
the gas since it was sought for. In Hoffman's 
process of testing, the CS, shows itself by formin 
red or orange-coloured crystals when gas is pass 
through tri-ethyl-phosphine. 

In the London Gas Act of 1860, the first which 
was enacted after the ae of this new kind of 
— impurity, sulphuretted hydrogen was totally 
prohibited under a heavy penalty; while for the 
sulphur in other form (bisulphide of carbon) 
20 grains per 100 ft. of gas were allowed, but any 
excess beyond this quantity was to subject the com- 
pany to a heavy penalty, Now, sulphur in gas, 
when burnt, yields exactly the same products; 
whether it be sulphuretted hydrogen or bisulphide 
of carbon, the products of combustion are identical, 
and so are the deleterious effects. Why, then, did 
Parliament make a distinction as to penalties be- 
tween these two kinds of sulphur in gas? why were 
20 grains of sulphide of carbon allowed, while the 
bisulphide of hydrogen was absolutely and rigorously 
prohibited? ‘The reason was this: Dr. Letheby 
stated explicitly that it was not possible by any 
means to extract the bisulphide of carbon from the 
gas, but he was of opinion that by improving the mode 
of distillation in the retorts, the production of this 
impurity in the gas could be considerably lessened. 
Also, as he found (so far as his own testings went) 
that the gas frequently contained less, or not more, 
than 20 grains of sulphur per 100 ft., he held that 
the companies ought to be bound not to exceed this 
quantity. He regarded the matter, in fact, as a 

uestion of distillation, not of purification, holding 
that there were no known means of getting rid of 
the sulphur if it were once produced in the gas; 
and he repeated these opinions subsequently, before 
the successive Parliamentary Committees which 
dealt with the Government Gas Bill which eventually 
passed in 1868. 

But the gas companies were quite unable to 
observe the 20-grain maximum thus imposed by the 
Act of 1860. Of the three companies which at that 
time supplied the City, Dr, Letheby’s official re- 
ports to the Corporation showed that from 1864 
down to 1868 the gas of the Chartered Company 
contained an excess of sulphur 43 times, the City 
Company’s gas 34 times, and the Central Com- 
pany’s. gas 59 times, in es | 100 testings. In 
other words, if the testings been made daily (as 


is now done), the Chartered Company would have | o¢..4, 


been liable to penalty (50/. for each offence) 157 
times in each year; the City Company, for its 
Blackfriars works, 124 times; and the Central 
Company, for its works at Bow Common, 217 times 
in each year, for this one impurity alone! More- 
over, these testings were made with a very imperfect 
instrument, the Letheby sulphur test, which, as 
since proved, left about 25 per cent. of the sulphur 
undetected. As it was, these transgressions of the 
20-grain maximum were more than daily in the City 
of London alone. Nevertheless, never once was the 
legislative penalty imposed, it being obvious that 
the companies were quite unable to observe it. 

In 1868, when the Government Gas Bill for the 
City of London , although it was still ac- 
knowledged by Dr. Letheby, as well as pleaded 
by the gas companies, that there were no known 
means for extracting the bisulphide of carbon, or, as 
it was termed in that Act, *‘the sulphur in other 
forms than sulphuretted hydrogen,” Parliament, 
agreeing with Dr. Letheby’s view of the matter, 
insisted as before that a maximum should be fixed 





for the impurity, and they even increased the 


penalty for any transgression of it, making it 50/. 
Sor each day that an excess occurred. In so doing, 
doubtless, Parliament had regard to the fact that 
science is steadily progressive, and that what is an 
insoluble problem or insuperable difficulty at one 
time may become no difficulty at all in the future ; 
and they also had abundant evidence as to the de- 
structive and deleterious influence of this sulphur 
impurity. 

At one time it was maintained, but merely on 
theoretic grounds, that sulphur when burnt in gas 
= only sulphurous acid, a well-known 

leaching substance, very damaging to coloured 
fabrics, but when in small quantity not injurious to 
health. This theoretic opinion, however, has now 
been demonstrated to be erroneous, by practical in- 
vestigations. Coal gas contains a very large 
quantity of hydrogen—indeed, it is mainly hydro- 
gen—and hydrogen when burnt, i.e., when com- 
bining with the oxygen of the atmosphere, forms 
water, aqueous vapour. Gas combustion, in fact, 
always produces a large quantity of water, which in 
cold weather and in rooms rarely used may be seen 
streaming down the walls (as the Lord Mayor some- 
times finds on gala nights in the Mansion House), and 
in this respect gaslight differs disadvantageously 
from the light of oil and candles, which contain 
little hydrogen. Also sulphur has a greater affinity 
for oxygen than hydrogen has. Accordingly, when 
gas containing sulphur is burnt, the sulphur first, 
but only transiently, becomes sulphurous acid, i.c., 
sulphur combined with two atoms of oxygen which 
it takes from the air; but thereafter it quickly 
absorbs another atom of oxygen from the aqueous 
vapour produced from the combustion of the gas, 
and becomes sulphuric acid (SO,), which is not a 
gas but a readily condensable vapour, which deposits 
itself on the furniture of houses and upon the goods 
in warehouses. Thus the combustion of gas con- 
taining sulphur produces first, and transiently, 
sulphurous acid gas, highly damaging to coloured 
fabrics, and thereafter it becomes sulphuric acid 
vapour, which is a rotting and very destructive 
substance, 

Let me quote Dr. Letheby on this subject. Ina 
lecture which he delivered to the medical officers 
of health in London, in January, 1869, he thus 
narrated his experience : 

** About 15 or 20 years ago, when I began to inquire into 
this matter, I was struck with a circumstance which is 
now, as it was then, very remarkable, namely, that wher- 
ever gas is burned continuously, and in large quantity, it 
causes a rapid destruction of textile fabrics, with a very 
acid condition of them. This is notably so in our public 
libraries, and in warehouses and shops. I obtained so 
many striking proofs of this, ially from the libraries 
of the Athenwum Club House, London Institution, the 
College of Surgeons, and elsewhere, that I made them 
the subject of a special report to the City authorities in 
1854, and here you will see the specimens of covers of 
books which were furnished to me at that time. If you 
apply # piece of the leather to your tongue, you will taste 
its acidity, and if it be treated with water or spirit of wine, 
and tested with a solution of baryta, it will be found that 
the acid is sulphuric acid. These effects were observed 
many years ago in the library of the Atheneum Club 
House, and they were growing to be so serious, that the 

ers requested a commission of chemists, includi 
Dr. Prout, . Aiken, and others, to inquire into it, an 
I have before me a copy of their report upon the subject. 
It is to the effect that the mischief is clearly due to the 
 tavearned of sulphuric acid, which had come from the 
urning gas ; and they state that the mischief will continue 
as long as gas is used in the li without proper venti- 


lation. Mr. Faraday, thereupon, igned the system of 
ventilation which is still in the library. to the 

of the products of burning gas on a goods, they 
are notorious, for such goods are ly dis of as 


regular! 
damaged or gassy things. It has been remarked, too, that 
plants are quickly killed by the ae of burning gas, 


for they are ly susceptible of inj from the 
resence of sulphurous acid in the air; accordi g to Drs. 
e isti Farmer, as little as one part in 10,000 of 


air will kill plants in less than 24 hours. And you cannot 
use gas in a conservatory, either for heating or for illumi- 


na , unless the products of combustion are 

entirely removed. Advancing a further in my in- 

quiries, I that the water —— by burning 
, an 


peered Rew, yom wip ta: diem — 
feather, r, cotton, and linen. Here are specim 
such iiowees, which have been dipped in the condensed 
liquid products of gas combustion, and you will observe 
that they are as rotten as tinder.”’ 

Mr. Heisch, F.C.S., &c., Superintending Gas Ex- 
aminer to the pe pe London, when re- 
porting on a case of sulphur nuisance in 1874, wrote 
as follows : : 

**When sulphur is burned sr pay Ag oxygen, this gas 
(sulphurous acid) is produced ; when even in a 

i moist atmosphere, part is converted into buric 
, and, when burned in a pa 





in coal gas), the oxidation of w! 
large quantity, the amount of 
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is quite insignificant, nearly all the sulphur being converted 
into sulphuric acid—not a gas, but a vapour readily con- 
densed on all the walls of, and articles contained in, a 
room, and most difficult to remove, even by a draught 
through the room—much less by the ordinary means of 
ventilation. That such is the fact, the experience of every 
one who notices the effect of burning gas on metallic 
articles, plants, &c., abundantly proves. Each grain of 
sulphur, in burning as it does in gas, gives rise to the pro- 
duction of just over three grains of sulphuric acid ; 100 cubic 
feet of gas, if they contain 30 grains of sulphur (a very 
common amount), would in burning i 
sulphuric acid, and three burners, each burning 4 cubic feet 
per hour, would produce between three and four grains of 
sulphuric acid per hour, or about 20 grains in six hours, 
which would in great part be condensed on the contents of 
the room in which the gas is burned. ... All tradesmen 
are only too well acquainted with the rotting effects pro- 
duced by gas on their goods. One most instructive in- 
stance, in proof of the above, I may mention. Some 
years since gas was introduced at the Royal Observatory, 
in place of camphine lamps, for the photographic registra- 
tion of magnetic variations, &c. Ina very short time the 
surface of every reflector was —-> and the draw- 
tubes of the telescopes quite corroded. It was found 
necessary to place a tube over each burner, and to connect 
all these with a central chimney, in whicha strong draught 
was maintained, to carry off the products of combustion. 
These tubes were, for cheapness, made of zinc. In a few 
days all the lamps were found extinguished by a crystalline 
substance, which aos on the burners from the tubes. 
This proved to be sulphate of zinc. I recommended the 
substitution of tinned copper tubes, but the price was 
objected to ; and a contrivance was resorted to by which 
the condensed matter was run into a vessel at the side of 
the chimney. In one of these vessels I collected in six 
weeks, from a burner consuming about 4 ft. per hour, $b. 
of sulphate of zinc.”’ 

Still more recently, the good people of Paris have 
been startled by finding the amount of havoc done 
by gas to the new Grand Opera within a year of 
its opening. In fact, the loud complaints at first 
made on this subject by the London public a quarter 
of a century ago are now being more and more 
justified by actual investigation and correct ascer- 
tainment of the damage done by gas containing this 
sulphur impurity. 

s regards the gas companies themselves, it surely 
would be a wise and also a directly profitable policy 
to purify their gas from this sulphur, which not 
only occasions complaints on the part of the public, 
but which, as is well known, causes gaslighting to 
be excluded from the principal rooms in the higher 
class of houses. Gas, like other commodities, ought 
to be manufactured as pure as possible; and I am 
confident that in a few years hence it will be a matter 
of surprise, indeed of shame, to the gas world itself, 
that any other opinion should ever have been main- 
tained. This also is the view which has been re- 
peatedly and persistently taken by Parliament ; 
and at the present time, when sanitary legislation 
and Acts against nuisance and adulteration are the 
order of the day, it seems to me as impossible as it 
is undesirable to expect that a retrograde step will 
be sanctioned as to the impurities in gas. What- 
ever else may stand still in the world, science is 
ceaselessly progressive ; and I think no greater slur 
could attach to gas manufacture, and to the engineers 
and consulting chemists engaged in it, than that it 
should actually retrograde, or even desire to be 
allowed to retrograde as regards purification, and 
that gas should be supplied anew to the public as 
foul with sulphur as it used to be. This is especially 
true now, when the means of extracting the sulphur 
impurity are well known and successfully practised; 
most of all, when neither lime nor nuisance of any 
kind is required and when the gas can be completely 
purified by processes cheaper than by lime, and 
more profitably to the gas companies than by the 
old oxide of iron method, 

_My own experience, as a Gas Referee and other- 
wise, accords with Dr. Sutton’s recently made state- 
ment, that gas purified only by oxide of iron (i.¢., 
without any special means for extracting the CS,) 
contains from 30 to 40 grains of sulphur. The over- 
seer at the Bow Common Works stated, a year ago, 
that the gas as it enters his purifiers contains rather 
more than this, viz., ‘36 or 38 grains and from that 
to 40 grains” of sulphur; and at the Beckton 
Works the quantity was still higher, indeed, the 
“purified” Beckton gas used to contain on the 
average 40 grains, rising to 55. Nevertheless 35 
grains may be takenas the average. By hand-pick- 
ing of the coal, for the removal of the pyrites, the 
sulphur may be kept at a lower average than this, 
as was done by Mr. Mann at the Blackfriars Works; 
but this practice was discontinued on account of its 
expense, and I need not say that such expense has 
become wholly unnecessary now that my cheap and 
— process; of extracting the CS, has come 

use. 
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Upon Dr. Sutton’s statement taken in conjunc- 
tion with the Referees’ present maximum for sulphur, 
I see from the Journal of Gaslighting that in some 


quarters an argument is now being advanced against 
** sulphur” —— altogether, The argument 
runs thus: Since the sulphur maximum as fixed by 


the Referees is 25 grains, and since there would not 
be more than about 35 grains without any “ sul- 
phur” purification at all, it would be better for the 
ublic to tolerate the full amount of this impurity 
in their dwellings rather than that those parts of the 
metropolis which adjoin gas works should be sub- 
jected to the nuisance occasioned by the use of lime. 

As I have shown, and as the Journal of Gaslighting 
acknowledges, that complete purification can be 
effected without either lime or nuisance, this argu- 
ment is beside the mark—in fact, cadi¢ questio. 
But in truth this argument drawn from the 
Referees’ present sulphur maximum proceeds upon 
a wholly mistaken view of the facts of the case. 
This officially-fixed maximum in no way represents 
— it is far above—the average amount of sulphur 
at present contained in the gas as supplied to the 
public; still less does it correspond with the degree 
of purity which the companies can attain, and 
which in fact (although the result is in some cases 
disguised) they do attain to. In the summer of 
1872, after I had communicated my new processes 
to the gas companies, the sulphur at the Bow 
Common Works fell to, and remained steadily for 
weeks together, at an average of 4} grains. For 
the month of June, the official testings showed a 
minimum of 3.3 grains, an average of 4.4, and even 
the maximum was only 5.6 grains, Day after day, 
for consecutive weeks, the amount of sulphur at the 
Bow Common Works was only 3, 4, and 5 grains. 
What can be done continuously and uniformly for a 
month and more, can be done always. I think I am 
pretty well conversant with | apparatus and puri- 
fication in all its details, and I cannot conceive, or 
even imagine, any obstacle to doin 
can be done steadily and perfectly for upwards of 
a month. If any one holds a different opinion, I 
should be glad to hear upon what grounds that 
opinion is based, At Beckton likewise, the sulphur 
fell from 40 or 44 grains (which had been the 
average during the fifteen months previously, i.e., 
from the opening of these large new works) to 10 
and 12 grains. And both at Bow and Beckton, the 
immense and then unaccountable fluctuations from 
day to day in the amount of this impurity, which at 
Bow rose to 30, 35, and even upwards of 70 grains, 
and at Beckton to 55 grains, wholly ceased. I have 
not seen the recent returns for Beckton, but I am 
told that the sulphur now stands steady at from 7 
to 9 grains, Now, whether we take the average 
at Bow in the summer of 1872 of 4} grains, or the 
present average at Beckton of 8 grains, the dif- 
ference between this and the 35 grains of Dr. 
Sutton’s estimate is very great (well-nigh 30 grains 
of sulphur in every 100 ft. of gas), and surely well 
worth preventing. 

But more than this remains to be said. The 
present amount of sulphur in London gas, although 
much below the Referees’ maximum, by no means 
represents the real degree of purity which the com- 
panies can attain; it does not fully represent the 
purifying power at their disposal. The process of 
sulphur-purification is now so perfect, and the 
Referees’ maximum is relatively so high, that the 
companies do not need, and actually do not, employ 
their full power of purification. This is not a mere 
opinion or inference of mine ; I know it to be the 
fact. Mr. Harris, of the Bow Common Works, 
when examined before the Revising Commissioners 
in 1874, stated that the object he kept in view was 
not absolutely to remove the ‘ sulphur,” but ‘to 
remove it so [i.e. to such extent] that there shall 
not be more than 20 grains,” the maximum at that 
time for the Bow Works. Moreover, I can name 
at least one London gas work where, to my personal 
knowledge, only two-thirds of the gas is purified 
for ‘‘ sulphur,” the means of purification being so 
perfect that, as matters at present stand, one-third 
of the gas need not be so purified at all, the purified 
portion of the gas, in fact, being so pure that even 
the commixture with it of the foul or unpurified 
portion yields an average of sulphur far below the 
maximum appointed by the Referees. At these 
works the amount of sulphur, as shown to me by 
the superintendent, was 13 grains per 100 ft. of gas, 
although one-third was not — for sulphur at 
all; and any one who makes the requisite calculation 
will find that if the whole of the gas had been so 
purified, instead of merely two-thirds of it, the 
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sulphur would have amounted to only four grains, 
just as used to be done at the Bow Common Works 
in the summer of 1872, and as I am confident Mr. 
Harris can do again, and constantly, if he will set 
himself (as in 1872) to take out the sulphur 
absolutely, and not merely, as he now admits he 
does, relatively to the maximum fixed by the Gas 
Referees. Indeed, even as re the four or five 
grains of sulphur still left in the gas, I believe this 
residuum of the impurity can now be dealt with as 
successfully as the a residuum of the 
ammonia impurity, which only a few years ago used 
likewise to be regarded as practically unremovable 
from the gas. 

In conclusion, I repeat that the solution of the 
sulphur question in London can be effected effi- 
ciently, cheaply, and without nuisance either to the 
public or to the labourers on the works, I have 
shown (1) that the employment of lime, not merely 
for extracting the sulphur, but in gas purification of 
any kind, is wholly unnecessary, and that its 
abolition would be an actual saving for the gas 
companies ; and also, that should the companies still 
manure prefer to adhere to the use of lime, they can 
still do so to a large extent (to about three-fourths 
of the present quantity) by employing it simply for 
the decarbonating process, whereby no nuisance will 
be occasioned. (2) I have shown, further, that the 
—— purification can be effected not merely 
without nuisance, but chiefly by employing a solu- 
tion of caustic ammonia, in the form of revivi 
gas liquor, whereby the purification can be done at 
half the cost of using lime, and also in self-acting 
and perpetually closed vessels. (3) I have shown 
not only (what every one must admit) that the 
sulphur maximum of the Gas Referees in no way re- 


presents, being far above, the degree of weg of 
the gas, but that the re, me can make their gas 
muc ur than it is if they like ; 


more free from _ 
and I am sure it would be much better for them- 
selves, as well as for the public, if they were to 
employ their means of purification fully, instead of 
contenting themselves with keeping the sulphur 
below the maximum as at present fixed by the Re- 
ferees. 


THE PENNSYLVANIA RAILROAD. 
No, XLIV.—Ro ume Stock, ; 

AMERICAN railway rolling stock ser many 
broad and striking contrasts to that of European type. 
With only so many exceptions as to constitute the 
rule, all carriages and pone are mounted on bogi 
trucks, four-wheeled for the most part, six-wheeled 
in a few instances, the latter for some of the larger 
aud heavier passenger and sleeping cars, C) 
general arrangement of these trucks, of which we 
shall publish drawings, is similar to that already 
illustrated and described in dealing with the tenders. 
The frames are of timber, with outer side frames of 
iron, and the wheels are without any exception of 
drilled cast iron. The bodies of the passenger cars are 
longer and higher than with us ; a raised ion—a 
so-called dome—runs from end to end of the vehicle 
along the roof, which projects some feet from the 
body and shelters a platform placed at each end, by 
which ingress and egress are effected, The seats 
are so arranged on each side of the cars as to leave a 
passage down the centre, so that as the cars of a 
train are all close coupled, circulation throughout 
the whole length of the train is practicable, and 
is indeed one of the frequent duties of the train 
conductor. The only doors are at the ends, and the 
sides of the cars, as high as the under sills of the 
windows, are strongly framed, so as to give sufficient 
rigidity to the long structure supported on only 
two points near end. Inte , the fittings 
of a first-class American car are poo f but inexpen- 
sive. A large amount of admirably made cabinet 
work in choice wood is generally found, the roof 
and top side linings are of painted canvas stretched 
on frames ; mirrors are introduced, and at each end 
is a lavatory and stove. Filters with iced water 
form a car fitting in winter andsummer. The seats 
are generally in velvet, and each holds two pas- 
sengers. They are hung on centres, and they can 
be turned, so that the contents of the car can be 
divided into groups of four, sitting vis-d-vis, or 
all in one direction. A car holds seats for from 50 
to 60 mgers. 

With the standard forms of sleeping cars the 
English public are beginning to become familiar by 
means of those naturalised in this country. mi 
the greater number are owned by the P 
Palace Car Company, but the Pennsylvania Rail- 
road build and run some sleepers of their own. 
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Se | sk [Ass 
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Pennsylvania Railroad __...|_ 454 /13,697| 929 [15,080 
Union Railroad of New od 344 | 2,762; 363 | 3,469 
Philadelphia and Erie Ra + 
road «ww aad as .-| 65 | 3,298) 374 | 3,787 
Total, 1875... «| 863 |19,757| 1666 |22,286 
», 1874 see of 853 |19,577| 1515 |21,945 
TasBLE No. XXXV.—Eztra Coal Dumping Wagon be- 
longing to the Company, and employed at Coaling 
Stations, ¥c. 
New York Division ... pa al Ses 35 
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Tyrone 99 ane eer au oes iad 10 
West Penn. ,, eco 30 
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Kittanning Coal Company 222) 9 231 

Shafton Coal Company ‘ 125 125 
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Pennsylvania Gas Coal Company 1,205 1,205 
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Union Line ‘ ese 2,936) .. 2,936 
National Line ... So ee ..-| 1,000 1,000 
Westmoreland Coal Company ...| 1,200 1,200 
The Railway Equipment Trust Com- 

pany ... aa aa ove ...| 1,000 1,000 
Car Trust Company ... sis 1,000 1,000 
Individuals and other companies 1,512 1,512 

Total... fe ...| 11,876] 25 | 11,401 

















THE CALEDONIAN RAILWAY COMPANY’S 
WISHAW LINE. 

Tue Wishaw line, which has been in course of con- 
struction for the last eighteen months, is a section of the 
scheme connecting the Caledonian main line with the 
central station at present being erected in Gordon-street, 
Glasgow. It commences by a junction with the Glasgow 
and Edinburgh Direct Railway about six hundred yards 
westward from Newarthill station house and terminates 
by a junction with the company’s main line of railway 
from Glasgow to Carlisle, at a point about three hundred 
yards to the south of Garriongell junction. On leaving 
the present railway the new line enters the estate of A. 
G. Simpson, of Carfinhall, where ground to the extent of 
twelve acres has been purchased by the railway company 
although not included in the present contract, yet it is 
understood that a large junction station will subsequently 
be erected thereon. From the start to where the rail- 
way reaches the estate of W. S. Dixon, of Carfin, at the 
turnpike road leading from Motherwell to Newarthell, 
little or no work has been executed, and between this 
point and the bridge leading to Cleland and Carfin-road 
over the railway some very heavy cutting has yet to be 
accomplished. In the short distance of 700 lineal yards 
no less than 124,000 cubic yards of earthwork will re- 
quire to be excavated, the depth of the cutting in parts 
being 37 ft. The line then passes about 80 yards to the 
east of Mr. Dixon’s Jenny Lind pit, where the contractor 
has made a temporary railway junction, and as this 
temporary connexion is continued to the valley of the 
River Calder where the glen is spanned by a viaduct of 
considerable magnitude, the railway for about three 
quarters of a mile is completed with the exception of dress- 
ing and finishing. As this part of the contract passes 
along a ridge which, owing to # bend in the stream, slopes 
gently on both sides to the. well-wooded valley of the 
South Calder water, the scenery in summer looking down 
upon the rich and variegated folliage beneath presents a 
ange which for beauty ¢an scarcely be surpassed. 

‘en operations were first begun on the contract it was 
contemplated to divert the’ Calder by means of a tunnel 
through the bend, a length of about 150 yards, but owing 
to the fears entertained by Mr. Dixon relative to the 


underground workings, this scheme was abandoned and 
a viaduct substituted which when completed will cost 
about 15,0007. The total length of this structure, which 
is built on the straight, is 500 ft., including abutments, 
and the height from bed of stream 120ft. There are 
six spans each 80 ft. in length, and the piers are on an 
average 40 ft. by 20ft. built upon 6 ft. of Portland 
cement concrete and from 20 ft. to 30 ft. of solid ashlar. 
In the centre of every pier there are two large granite 
blocks weighing each six tons, and at each corner, granite 
blocks four tons in weight are built in position. The 
superstructure, which is altogether of wrought iron, is 
built in a light but strong style of lattice work; the 
finished size, of piers at top are 24 ft. by 10 ft., having a 
batter of 1 in 24 on the largest sides and of 1 in 12 on 
the others. There are six standards composed of angle 
of iron 12 in. broad and 12 ft. apart, stiffened with angle 
iron 4in. by 4 in. and by } in., connected together by belts 
iron 2$ in. by 2} in., and the horizontal belts are 
strongly strapped together by diagonal bracing, the 
whole of the ironwork resting on the granite blocks 
already mentioned. The iron girders spanning these 
piers are 7 ft. in depth and of an ordinary form, 
the pairs under both lines of rails being braced together 
diagonally, the upper flange of the one to the lower section 
of the other. Two of the piers are already constructed, 
and the building for several of the others has been ready 
to receive the granite blocks for some time, but owing to 
the present great demand for large granite stones, con- 
siderable delay has been caused to the progress of the 
work, The girders are all built from the one side of the 
ravine and rolled forward over the piers. Instead 
of the usual method of rolling upon rollers, iron balls 
have been substituted and found te be an improvement. 
On the south side of the river another railway connexion 
has been formed at No. 10 pit belonging to the Glasgow Iron 
Company, so that the stones for the viaduct, which were 
principally from Annan, have been put into the cranes 
with little or no carting. A few hundred yards from the 
viaduct an excellent bed of sand was found inside the rail- 
way property, and the contractor, Mr. Mackay, has taken 
out of it a sufficient quantity to build all the masonry 
which has been done. Immediately on crossing the 
Calder the line enters upon the Wishaw estate, the property 
of Lord Belhaven, along which it passes for about two 
miles, and a stone wall 7 ft. Gin. in height has been built 
on the east side of the railway along its entirelength. Be- 
tween the viaduct and the bridge carrying new line over 
branch railway into Meadowhead pit no embanking has 
yet been done owing to the viaduct not being completed, 
all the material having to come from the other side of the 
river. The total length of this bank, which is a very 
heavy one, is about 2000 yards. One of the bridges near 
the end of the embankment, although just newly built, is 
considerably rent owing to the mineral workings under- 
neath, and as it is anticipated that a portion of the 
line here will ultimately subside about 7 ft., the 
necessary arrangements have been made for subsequent 
repairs should a heavy subsidence take place. The Cale- 
donian Railway Company entered into negotiations with 
the lessees of the mineral field on this part of the contract 
for the purpose of purchasing a small portion of the 
minerals under the railway, but as the value of the coal 
was fixed at 5000/, the engineers thought it would be 
cheaper to let it go down, and repair as it subsided. In 
the Wishaw hill cutting near the branch railway of 
Messrs. Merry and Cunninghame, a valuable bed of 
freestone was found 30 ft. below the surface, and the 
contractor has taken out the stone to a further depth of 
30 ft., where it still continues to be of excellent quality. 
Since this discovery was made the Wishaw estate hasleased 
several quarries in the immediate locality. A little 
further on in the same cutting a retaining wall 20 ft. in 
height has been built for about two hundred yards 
to suit siding accommodation into a coal pit. The next 
part of the contract worth mentioning is the summit at 
Wishaw hill, which is situated about the centre of the 
line, and here the contractor has erected his principal 
workshops and stables, in addition to joiners’ shop, 
smithy, saw mill, and stable accommodation for upwards 
of twenty horses. Mr. Mackay has also leased about 
three acres of land which he is utilising as a yard for 
storing plant. By arrangement with Messrs. Merry and 
Cunningham, a siding from their branch railway has 
been formed into shops and yard. A splendid water 
connexion has also been made with the Burgh of Wishaw 
service pipes. From the bridge leading the railway over 
Glasgow-road, Wishaw, to the viaduct over Distillery 
Pond and Marshall-street, heavy retaining walls with 
counterforts have been built on each side to retain the 
embankment, which is 27 ft. in height. As the railway 
here is bounded on the one side by the Wishaw Distillery 
and on the other by Wishaw Fireclay Works, the bank is 
confined within narrow limits, so that for some length 
the walls are the same height as embankment. The 
viaduct above mentioned has a clear span of 150 ft., and 
the two main girders are 16 ft. in depth of lattice work. 
The excavations for piers and abutments were taken 
down to the under bed of the Ell coal, which has been 
worked out 60 ft. below the surface. Two pits 45 ft. by 
11 ft. had therefore to be sunk that depth, and the exca- 
vations filled in with Portland cement concrete to the 





level of the foundation courses. 








We now come to Wishaw Station, which is situated at 
the foot of Hill-street. The structure, which is an 
ornamental wooden one, is somewhat similar in size and 
arrangement to the present railway station house on the 
main line. The reason for the erection being of wood 
is doubtless owing to its situation, which is at a high level, 
the bank at that part of the contract being about 20 ft. 
deep. Several of the upper seams of coal have also been 
wrought out underneath the site, so that the foundation 
is anything but secure. Contiguous to the station in a 
northerly direction about 10 acres of ground have been 
purchased by the railway company for a large goods sta- 
tion. From the summit to where the culvert carries Whiney 
Burn under the line on the estate of Mr. Houldsworth of 
Coltness there is heavy banking all the way, and from this 
point to near the bridge over Wishaw and Coltness Railway 
there are 2000 yards of as heavy cutting as can be found in 
Scotland. The cutting for the whole distance will average 
20 ft. deep, although it reaches and continues for some 
distance at a depth of 32 ft. Thecoal underneath having 
been wrought out, the railway company had to excavate 
in this cutting a further depth of 18 in., this being 
filled up with well wrought clay puddle in order to keep 
surface water from finding its way into the underground 
workings. On each side of the formation, whiclris 28 ft. in 
width, a fireclay drain of special design is embedded in 
the puddle. After passing over Wishaw and Coltness 
Railway alongside the main line, it crosses a deep ravine 
through which the Garrion flows. Owing to the height 
of the bank an addition of 200 ft. had to be made to length 
of culvert which carried the Garrion Burn under main 
railway. At this part of the work the contractor had to 
break an incline road to take down the heavy stones 
forming the arch. A new pumping station for the rail- 
way company had also to beerected atthe bed of thestream, 
the new line having come in contact with the old engine 
house. After crossing the Garrion the line runs for some 
distance alongside the present railway, which it joins at 
Shawfield branch. About 200 yards from the termination 
of the line the slope on the north side necessitated a 
diversion of the Garrion Burn; south of the junction a 
little further along the main line it is proposed to erect a 
large transfer station with extensive siding accommoda- 
tion. The total length of the line is six miles, the sharpest 
curve is four furlongs in radius, and the steepest gradient 
1 in 100. On the contract there are 36 bridges all built 
with ashlar blocking courses, and all having granite 
beam blocks. The girders are all of wrought iron with 
cross girders bracketed to support the longitudinal beams. 
For work alone when completed the total cost will be 
upwards of 150,000/., and it is expected to be finished 
near the end of 1878. The great advantages of the line 
will be to relieve the main railway between Garriongell, 
Holytown, one of its busiest parts. It'is expected to 
supersede the present railway as regards through trains 
and nger traffic, besides being considerably nearer 
the town of Wishaw. The engineers for the work are 
Messrs. Blythe and Cunningham. The contractor Mr. 
John Mackay, who has just completed the first section of 
the Callander and Oban, and the contractor’s engineer 
and manager, Mr. Simon Robertson, C.E. 








80-TON STEAM HAMMER. 

In the course of our accounts of the recent meeting of 
the Iron and Steel Institute, at Newcastle, we mentioned 
a fine steam hammer which the members had an oppor- 
tunity of seeing in use at the works of Sir William 
Armstrong and Co., at Elswick, and of this hammer, 
which was constructed by Messrs. Thwaites and Carbutt, 
of Bradford, we now give engravings on the next and 
following pages. 

This hammer has a 80-ton tup with 12 ft. stroke, and 
the steam cylinder is 48 in, in diameter. As will be seen 
from our engravings, the frame is of a very simple and 
massive design, it consisting of two standards of circular 
section, slightly tapering in diameter and inclined in- 
wards towards thetop. These standards, which are each 
made in two sections, are 25 ft. high, and the total height 
of the hammer from floor line to top of cylinder cover is 
42 ft. 9in., a dimension which will give some idea of the 
enormous size of the structure. The clear span between 
the standards at the floor line is 19 ft. 10 in. The hammer 
is altogether an excellent piece of work, highly creditable 
to its constructors, 





Wire Rouuine EXTRAORDINARY IN WARRINGTON.— 
The Pearson and Knowles Coal and Iron Company have of 
late turned speciai attention to the rolling of exceptionally 
long lengths of wire rods for fencing and other purposes, 
and with this object have adopted Mr. J. J. Bleckly’s 
four-high wire mill, the results obtained from which, 
both in length of rods and amount of work turned out, are, 
we believe, quite without precedent. Last week, in two 
shifts, of ten hours each, the eee aay of 
40 tons 9 ewt. 2 qrs. of No. 4 finished wire rods 
were rolled in this mill, the individual rods ranging in 
weight from 45 lb. to 70 lb. each; and the average oe 
duction of the mill during the whole week was 18 tons 
2 cewt. 2 qrs. of No. 4 iron ‘shift of ten hours. One 
distinguishing advantage obtained in this mill is that in 
consequence of the arrangement of the rolls only one-half 
the number of men usually employed in a wire mill is re- 
quired.— Warrington Guardian. 
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THIRTY-TON STEAM HAMMER FOR THE ELSWICK WORKS, NEWCASTLE-ON-TYNE. 
CONSTRUCTED BY MESSRS. THWAITES AND CARBUTT, ENGINEERS, BRADFORD. 






(For Description, see preceding Page.) 
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THIRTY-TON STEAM HAMMER FOR THE ELSWICK WORKS. 
CONSTRUCTED BY MESSRS. THWAITES AND CARBUTT, ENGINEERS, BRADFORD. 
(For Description, see Page 341.) 





THE LATE HENRY MEIGGS. 


Reports which came from Lima recently of the illness of 
Henry Meiggs, the noted speculator and builder of rail- 
roads, are now followed by an announcement of his death. 
The calamities which this remarkable man met with during 
the later years of a career which had been so full of 
startling successes led to several paralytic strokes, and it is 
presumed that these were the cause of his death. He was 
a native of New York State, having been born in Catskill 
Greene County, on the 7th July, 1811, and first attained 
prominence in Boston as a successful oung merchant, 

revious to his —* mg York iy 1835. . ow 

eiggs acquired in ton he gai throug’ eo ion 
in lumber, and wren he arrived fn the metropolis he devoted 
his attention to the same article of merchandise, and in 
two years, there is reason to believe, he obtained a large 
fortune, which was entirely lost in the financial panic of 
1837. He kept manfully at work, however, and a year 
afterward he was the owner of a large larbap-pand in 
Williamsburg, then an unincorporated town in ¢ of a 
Board of Trustees, of which he was president. con- 
tracted to build St. Mark’s Church in that town; and, 


from debt. Meiggs again became insolvent in 1842, and 
he removed his home to New York, where, during the next 
few years, he gave much attention to the fine arts, and 
founded the American Musical Institute. For many years 
afterward he found time, in the midst of mighty enter- 
prises, to encourage musicians and assist them in the pro- 
motion of their schemes. Upon the eee of gold 
in California, Henry Meiggs left this neighbourhood 
for ever. His departure was made in a unique and 
characteristic manner. He loaded the ship Niantic with 
lumber and sailed around the Cape with his brother, John 
J. Meiggs, arriving in July, 1849, at San Francisco, where 
he sold his cargo at a profit of 50,000 dols. This money 
he Pa and he went to work in a lumber-yard to 
study the advantages of that trade in the territory, pre- 
paring his plans in the mean time for a great tion. 
Afterward with 500 men he went into the forests of 
Contra Costa and felled the noblest trees, which were 
floated through San Franciso Bay to a wharf which he had 
built in the city, and in a steam saw-mill which he had 
erected with a part of his — the lumber was made 
salable, and from the results of this enterprise the profit to 
Henry Meiggs was 500,000 dols. Thenceforward he was 
the most prominent man in California until the 5th of 
October, 1854. He conducted land and lumber enterprises 
of great magnitude, and was esteemed by every for 
his generosity ; but the financial crisis of 1854 crippled him, 
and his attempt to save the fortunes of his friends as well 
as his own utterly ruined him. In his frenzy Meiggs com- 
mitted forgeries amounting to more than 900,000 dols., 
and, findiug that discovery was inevitable, he sailed south- 
ward with his wifeand children on the barque American on 
the day already mentioned. Meiggs found a harbour 
of refuge in Chili, and his name, associated with remark- 
able schemes, has since been constantly before the world. 
Engineers of note estimated that to build the Valparaiso 
and Santiago Railroad from Liailai to Santi would 
cost 27,000,000 dols., and that the work would take eight 
years. The distance was 33 miles; there was a rise of 
4800 ft., and there were mountains of rock and my 4 abysses 
all along the way. Meiggs finished the work in four years 
for 12,000,000 dols., and secured a profit of 1,320,000 dols. 
for himself. On July 5, 1860, the first train went over the 
road, Perez, the President of Chili, with his Cabinet and 
the Archbishop, riding on the engine with the contrac- 
tor. A Pecuagens Hed the scene which followed the arrival 
of the train at i now adorns the capital in that 
place. Meiggs ref to become a citizen of Chili and 
to accept public office there; but he lived in princel 
splendour in Santiago until 1867, when he began to buil 
railroads for Peru. In that country he built in all 1007 miles 
of road, all of which are now practically useless. The 
cost to the Government was altogether 126,000,000 dols. 
At one time financiers all over the world were enthusiastic 
about these enterprises. In 1876 the price of Peruvian 
bonds in London fell to 13. — x completed his first 
Peruvian enterprise, a road from Mollendo, on the coast, 
to Arequipa, 90 miles inland, in January, 1871. The 
work was interrupted by the earthquake of August, 1868, 
but was pushed forward with alacrity afterward. To 
commemorate its completion Meiggs is reported to have 
spent 600,000 dols. in medals. He gave jificent 
entertainments in Mollendo and Arequipa and ¢ red 
the steamship Panama to bring 600 guests from Lima. 
President Balta attended the féte in mee with a 
military escort of 1000 men. Meiggs lived in Lima in 
a| house two stories high, the lower floor of which was oc- 
cupied by stores, while the upper floor contained 70 
rooms fitted up in regal style. Mei improved the 
city of Lima by tearing down the old 1 and laying out 
a beautiful park on itssite. For this work he was granted 
much valuable land by the Government. Meiggs has 
been accused of bribing public officers in Peru to assist 
him in his schemes. In the construction of railroads he 
employed the natives, and they worked well under his super- 
intendence. Although he was a man devoid of principle, 
his memory is revered by the poor wherever he has lived. 
His money flowed freely for the cause of charity, and before 
he left San Francisco in disgrace he managed to pay all his 
rer creditors. Yet he was to the last unscrupulous ; 
or when last year the news reached Lima that Peruvian 
bonds had fallen to the lowest figure in London, he obtained 
by bribery, it is alleged, a contract to continue the Oroya 
road over the Andes, and to drain the famous mines of 
Cerro de Pasco. New paper was issued on this contract, 
which the Government guaranteed, and Mei caused it 
to be understood that he had secured finan support in 
New York and London.. He then i 
his brother in London at 90 days, which were on 
exchange, and confidence was once more felt in Meiggs, 
until it became known that the drafts made on his brother 
were not paid at sight. He made one more attempt to regain 
his foothold, but his speculations had injured the credit of 
Peru, the paper dollar, or sol, having fallen in value from 
90 to 36 cents., and at this time his health began to wef 
rapidly. There are said to be many contestants to his will, 
but itis not likely that the ones will gain much. 
Meiggs was a man of imposing presence, and was a mathema- 
tician of wonderful skill and quickness.—New York Times. 





Sanrrary InsTITUTE OF GREAT BriTarn.—The first 
examination of surveyors and inspectors of nuisances took 
lace on Monday, the 29th October, at the rooms of the 

edical Society of London. Eight candidates presented 
themselves, five of whom were successful in obtaining cer- 
tificates of competence, namely, Mr. H. M. Robinson, 
surveyor, Ulverston; Mr. J. Parker, surveyor, er 
water; Mr. F. Booker, inspector of nuisances, Bradford ; 
Mr. W. 8. Prebbles, inspector of nuisances, Blackburn ; 
and Mr. Thomas Blanchard, inspector of nuisances, 
Evesham. Fifteen candidates have already entered their 





years afterward, during his exile in South America, he 
sent the congregation of that church 2000 dols. to free them 


names for the next examination. 
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NOTES FROM THE NORTH. 
Guasaow, Wednesday. 

Glasgow Pig-Iron Market.—As the Glasgow Autumn 
Sacramental Fast Day occurred last Thursday, that day 
was quite a dies non, and no business was done on ’Change. 
When the pig-iron market opened on the following dey it 
was very dull and after a slight recovery the price receded 
to a point 24d. per ton under Wednesday’s lowest, and the 
market closed with the price 7}d. under last week’s final 
quotation. Business was done in the forenoon at 52s. 2d. 
to 52s. 24d. cash and 52s. 5d. one month, closing sellers 
52s. 3d. and 52s. 6d. cash and one month respectively, and 
buyers 1d. per ton under. Prices receded in the afternoon 
to 52s. 1}d. cash and 52s. 4)d. one month —-the market 
closing with sellers at 52s. 2d. cash and 52s. 5d. one month, 
buyers near. The warrant market was again dull on Mon- 
day, and prices receded still further, the market closing at 
a Uecline of 3d. In the morning business was done at 52s. 
cash and 52s. 3d. one month—1}d. down—and closed sellers 
at those figures, buyers 1d. per ton less. The transactions 
in the afternoon were at 51s. lld. to 51s. 10}d. cash, 
52s. 14d. one month, and 52s. fourteen days, and the market 
closed sellers at 52s. cash, and buyers at 52s. fourteen days 
to pay. The warrant market opened a shade better yester- 
day morning, and improved to Friday’s prices, although 
the tone was not so firm at the close of the day’s trans- 
actions. During the forenoon business was done at 
5ls. 11d. to 52s. cash, and 52s. 3d. to 52s. 4d. one month, 
tha market closing with buyers at 52s. cash and 52s. 4d. one 
month, sellers near. Prices in the afternoon were 52s. 2d. to 
52s. 14d. cash, and the market closed sellers at 52s. 14d. 
and buyers at 52s. 1d. cash. A large xmount of business 
was done in warrants this forenoon at 52s. and 52s, 1d. cash, 
the market closing rather sellers at the latter figure, buyers 
offering 52s. The afternoon market was steady, with 
prices as at the forenoon’s close. It will thus be seen that 
the prices are steadily slipping’ away without any rally, 
and that the current low rates have not effected any im- 
provement in the tone of the market; still it is thought 
that such a change could now be easily effected, and that it 
may even come as a surprise at any moment. Shipping 
iron is dull, and there is not much trade doing in it, while 
in the warrant market the flatness induces intending buyers 
to hold off. Last week’s shipments from all Scotch ports 
amounted to 8640 tons as against 13,580 tons in the corre- 
sponding week of last year. Iron still continues to be sent 
into store, the increase last week being 700 tons, and the 
total stock with Messrs. Connal and Co. up till Friday 
evening being 164,512 tons. In consequence of one blast 
furnace having been blown in at Carron Iron Works last 
week, the number of furnaces in operation has been rai 
to 88, as compared with 118 at the same time last year. 


Proposed Strathmore and Braemar Railway.—The pro- 
moters of this railway scheme, which has been for several 
years before the public, have resolved to launch the under- 
taking. Ata recent meeting they subscribed the prelimi- 
nary expenses. The route is to be carefully surveyed, and 
the prospectus of the y will appear shortly contain- 
ing the names of a number of influential gentlemen as 
directors ; and it is proposed to go to Parliament next 
session for powers to construct the road. This new High- 
land railway is to start from Alyth and pass north-east to 
Mill of Craig, then run along the east side of the Isla river 
to Kirkton of Glenisla, through Glenshee north to the 
Spittal, and terminating at the Castleton of Braemar, a 
few miles above Balmoral. 


New Railway Station for Glasgow.—The directors of 
the North British Railway Company are about to proceed 
to carry out their great scheme for constructing a passenger 
station at Queen-street, Glasgow, which shall be somewhat 
commensurate with the wants of the traffic. When the 
works begin there will be no fewer than three great pas- 
senger stations in progress at the termini of as many great 
railway systems—the Glasgow and South-Western and 
Midland, at St. Enoch-square; the Caledonian Central 
Station, at Gordon-street; and the North British, at 
Sap, or George-square. When they are com- 
pleted Glasgow will certainly be well off in the matter of 
station accommodation, and the contrast with the dis- 

eful condition that has prevailed for many years will 
most marked. 

The Caledonian Railway Bridge at Broomielaw.— 
Great p is being made with this structure. A few 
days ago the fifth pier was finished. It is the south-east 
one, is the first which has its foundation in the bed of the 
river, and is, like all the rest, composed of light-grey 
granite, and finished by a handsome circular crown. Rising 
fully 40 ft. above the stream at low water, it forms a 
very imposing object. The girder, of 170 ft. in length, 
which is to rest on it and the other pier at Clyde-place, 
has now veen completed by Messrs. W. Arrol and Co., 
Baltic Engineering Works, and will soon be placed in 
position. With its tall, massive, cylindrical piers and 
parapets of handsome ironwork, the bridge, when com- 
pleted, will tower high over Jamaica-street Bridge. All 
the iron cylinders on which the stonework of the piers 
rests are ~— low-water mark. The Caledonian Railway 
Bridge will have only five spans, carrying it over the bar- 
bour and the two nearest thoroughfares, so that the lon- 
gitudinal girders will have to stretch over much wider 
spaces and be of greatly stronger construction than those 
used in the Union Railway Viaduct. 

Grangemouth New Docks.—Mr. Brand, of Messrs. 
Charles Brand and Son, who have lately contracted for the 
construction of the new docks and timber basin at Grange- 
mouth, and Mr. Cunningham, of Messrs. Blyth and Cun- 
ningham, Edinburgh, the engineers for the works, went 
over the ground a few days ago. Already a quantity of the 
plant is oa the ground, and practical operations will be com- 
menced within the next few days. 

Distribution of Water in Glasgow.—The monthly mect- 
ing of the Glasgow Corporation Water Committee was held 








*3: 


residing. From 


on Monday, Councillor James Brown 
, the engineer, 


the quarterly report submitted by Mr. 


it ap that the quantity of water sent into the city 
and district from the Loch Katrine and Gorbals Works 
during ugust, and September averaged 34,300,000 


July, Ai 

gallons daily—being an increase of 400,000 gallons over 
the average for the corresponding three months of last 

ear. All the works, it was stated, were in repair. 

he river supply works are now completed, with the ex- 
ception of the laying of the wrought-iron pipe across the 
Clyde and the fixing of the meters in the works of the 
manufacturers who are prepared to takethe water. About 
39,000 people have now placed under district meters, 
and two other districts, being Nos. 5 and 6, have been 
authorised to be brought under the same system during 
the last three months, at an estimated cost of 10191. The 
completing of this work has been delayed by the meters not 
coming forw from Liverpool. When the whole is com- 
pleted there will be 39 meters, covering a population of 
about 65,000. The report was adopted. 


Institution of Engineers and Shipbuilders.—-The opening 
meeting of the 21st sessionof this institution was held on 
Tuesday evening—the President, Mr. R. Bruce Bell, C.E., 
in the chair. The medals awarded at the close of last session 
for papers read before the institution in the session 1875-76 
were presented by the President to Messrs. James Browner, 
Robert Mansel, and W. J. Millar, after which the presi- 
dential address was delivered. It briefly sketched the 
progress of the different branches Of engineering during 
the period that the institution has been in existence, 
noticed the contributions made towards that progress by 
the members, and indicated the directions in which the 
members should turn their attention for subjects to be 
treated of in papers to be read at future meetings of the 
institution. A comprehensive paper on ‘“‘ The Manufacture 
of Steel’’ was then by Mr. James G. Fairweather, 
C.E., and the discussion upon it was adjourned till next 
monthly meeting. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Water Supply of Holmesfield.—A report as to a pro- 

water supply for Holmesfield has been presented by 

r. Frith, who states that he has selected a moorland 

stream which runs through the district and suggests that 

an impounding reservoir should be constructed, near Fox- 

lane, with a storage capacity of 15,000,000 gallons, which 

would give an ample supply for a population of 14,000 in- 

habitants. It would cost about $0,001. or with certain 

specified additions 22,0001., to carry out the scheme. He 

advises the purchase of the Eckington Water Works, 

by which the parish is already partly supplied. The | 

sanitary authority has resolved to hold a meeting of the 
parishioners on both questions. 


The Heeley Tramways, Sheffield. —On Monday the 
Heeley extension line of the Sheffield tramways was ins 
by Colonel Hutchinson, on behalf of the Board of e, 
and was open for public traffic the same day. The line 
runs from the Moorhead, Sheffield, to a point just beyond 
the Midland Railway station at Heeley, about a mile and 
a half. There are two sets of rails, oF 48 lb. to the yard, 
with granite sets, and ten cars with 100 horses, to work 
the traffic efficiently. The contractor has been Mr. 
Meeston, of London, and Mr. Barlow has been the resident 
engineer. 


The Proposed Absorption of the Manchester, Sheffield, 
and Lincolnshire Railway.—The proposal for the absorp- 
tion of this important series of lines by the Great Northern 
and Midland Companies has excited much local attention, 
and is likely to meet with a strong opposition at the hands 
of the colliery proprietors and others. The Great Northern 
has now 640 miles, the Midland 1238 miles, and the 
Sheffield Company 260 miles, which would make a total of 
over 2000 miles of railway under one management. The 
scheme will undoubtedly meet with the opposition of the 
other large railway companies, particularly the Great 
Eastern, which is even now surveying for a direct line to 
the South Yorkshire coalfield. 


A Colliery Flooded near Barnsley.—At the latter end 
of last week, whilst some workmen were engaged at the 
Shafton-Two-Gates Colliery, near y, in sinking to 
one of the upper seams of coal, they tapped a heavy feeder 
of water, which at once flooded the shaft and caused work 
to be suspended. 


The New Hoyland Silkstone Colliery.—About three 
years ago the Barnsley seam of the Hoyland Colliery hav- 
ing become exhausted the owners of the pit decided to sink 
a shaft to the Silkstone seam, which, as a rule, lies at about 
500 yards below thesurface. Thesinking was accordingly 
gone on with and has now been completed. The shaft is 
stated to be the finest in the kingdom, being 20 ft. clear in 
inside diameter anc. 510 yards in depth. The seam is 
4 ft. 6 in. to 5 ft. 8 in. thick and of capital oy. and 
will yield, with the appliances in use, about 1600 tons to 
2000 tons daily, the area of the coalfield leased being 1200 
acres, which will yield 12,000 tons to the acre. All the sur- 
face machinery is of a powerful description, and the small 
coal will be utilised for cokemaking on the spot. A branch 
line a mile long connects the pit with the line of the Man- 
chester, Sheffield, and Lincolnshire Railway. 














NOTES FROM THE SOUTH-WEST. 
Briton Ferry Iron Works.—The stoppage of these old 
works is a subject of grave comment in Briton Ferry. For 
the last 20 years the works have been successfully carried 
on without intermission save for repairs. Now, through de- 
pression of trade, and a want of remunerative orders, the 
works have been brought to a standstill. 


Neath Floating Harbour and New Docks.—The cere- 
mony of cuttin g the first sod in connexion with these works 





‘ocal | Western Railway Company 





was successfully ormed on Thursday week by Lady 
evor. At a — which followed, the health of 
r. Brereton, the engineer, was proposed, and that gen- 
tleman, in responding, said he hoped his opinions in 
to the dock would be justified three years hence by the 
result. The health of the contractors, Messrs. Vignoles 
and Greenbank, was also proposed, the toast being ac- 
knowledged by Mr. Greenbank. 


Torpedo Boats.—One of the steam pinnaces, which it 
was intended should be carried yh = ; Dreadnought, is 
to be replaced by a light steel torpedo boat, 59 ft. long, 
and capable of going at a great speed. 

Penarth.—A meeting of the directors of the Taff Vale 
Railway Company and the directors of the Penarth Har- 
bour, Dock, and Railway Company was held on Thursday, 
when the question of providing additional dock and railway 
accommodation at Penarth was again discussed. The 
want of much greater dock accommodation and increased 
railway facilities was forcibly pointed out to the di- 
rectors by a deputation of freighters, consisting of some 
of the leading merchants at the docks, but it is said that 
no definite agreement between the joint directors was 
arrived at. 


Water Supply of Exeter.—Considerable agitation has 
been going on in Exeter for over twelve months in conse- 
quence of the present intermittent supply of water to the city. 
lhe supply is taken by the company from the Exe, and as the 
sewage of Tiverton and other towns flows into it the water 
does not improve by ro kept in cisterns. The town 
council have negotiated with the company, who were willing 
to sell their works, in consideration of a guarantee of 8 per 
cent. per annum on their capital and the taking over of 
their old stock and offices. The council declined these 
terms unless they could first inspect the books, and the 
company refusing this the council then offered arbitration, 
but this the company in their turn refused. At a crowded 
meeting on Saturday night, it was agreed almost unani- 
mously to form a new company, and to go to Dartmoor for 
a supply to come into the city by gravitation. 

Wages in Wales.—A meeting of delegates from the 
South Wales and Monmouthshire colliers was held at 
Aberdare on Monday. It was resolved to countenance 
resistance on the part of the Risca colliers, who having 
accepted a 5 per cent. reduction are threatened with 
another reduction of about 20 per cent. It was further 
determined to send another deputation to the manager of 
the Nantyglo and Blaina collieries to endeavour to come to 
a settlement with reference to the disputed 5 per cent. 
before extreme steps are taken on the part of the men. 

Mining Enterprise in South Wales.—The Great 
is about to commence opera- 
tions for the further development of the South Wales coal- 
field. A contract has just arranged for sinking two 


large shafts on the company’s pro near Maesteg. 
by Mr. Wr Kenrick, of West- 


The work has been sec 
minster and Dowlais. 

The Forest of Dean.-——There is still a slight improvement 
in the Cinderford Valley house coal trade, and this is 
shared by the collieries of other districts of the Forest to 
a greater or lesser extent. Prices show, however, no 
alteration. Mr. Crawshay is doing a great service by in- 
creasing his output of iron ore, |because at a most oppor- 
tune time he is giving employment to miners who can 
obtain no work at their old places for the present. The 
sale of pig iron at Cinderford is steady ; at Parkend stacks 
continue slowly to lower. The tin-plate trade appears to 
be fairly brisk for these times. 





Krine’s CoLLEGE ENGINEERING Society. — At an 
ordi meeting of this society on the 26th of October, 
1877, Professor Tennant in the chair, a discussion was held 
on the several appliances for the pavements of roads. The 
discussion was 0 by Mr. Guinness, who gave a general 
description of the macadamised road and the use of the 
steam roller. Mr. Alliman gave some useful information 
in reference to the asphalte and wood payements and de- 
scribed the construction of roads in Russia. Mr. Samuel 
also di the asphalte and wood pavements and de- 
scribed the ancient Roman roads. He also suggested that 
a i road consisting of broken granite and 
pitch, used in the same manner as the ite, would be 
very useful in London, especially where the traffic was not 
too great. Professor Tennant in summing up said that the 
subject was one of great importance, especially where so 
vast a population as that of London was concerned. He 
first referred to the alterations in transit which had re- 
sulted from the introduction of the locomotive, and as an 
illustration of the progress made, he stated that when he 
first came to London it took him thirty hours and cost him 
thirty shillings to travel the distance which now occupied 
only four hours at a cost of ten shillings. The Strand at 
that time was paved with boulder stone similar to the pre- 
sent pavement of Scotland-yard. Wood pavement was 
introduced about thirty years ago, but was soon discon- 
tinued on account of the exhalations which arose from it 
when saturated, and which tended to produce fever. The 

rofessor then i to examine the advantages and 
disad vantages of wood pavement. He said that four years 
was the longest time that it has been found to last in Lon- 
don, and = it was twice * three times = eqgentive us 
granite. e expense of the present granite pavement in 
the Strand cost 17s. 6d. per square yard, but formerly 
when large stones. were used it only cost 15s. per square 
zene. It was found that horses could not get a thorough 

oothold on the larger stones, and resort was consequen' y : 
had to the present material. disadvantage whic 
had presented itself since the introduction of wood pave- 
ment was an increase in the number of accidents, which 
had occurred chiefly on the noiseless approach of the Han- 
som cabs and other vehicles. At the conclusion of the dis- 
cussion a h vote of thanks to Professor Tennant for 
his valuable useful address was unanimously carried. 
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NOTICE OF MEETING. 

INSTITUTION OF MECHANICAL ENGINBERS, — Manchester, 
Memorial Hall, Albert-square (South-street corner), on Wednes- 
day, November 7th. The chair will be taken at 11 o'clock a.m., by 
the President, Mr. Thomas Hawksley. The following papers 
will be read and discussed at the meeting: “Description of Im- 
es Radial Axle-boxes and Guides for Locomotive Engines.” 

y Mr. H. W. Widmark, of Bristol, communicated through Mr. 
John 0. Wilson. “On Special Mechanical Appliances for meeting 
the requirements of certain classes of Mine Accidents.” By Mr. 
Charles Hawksley, of London, and Mr. Edward B. Marten, of 
Stourbridge. “On an improved Construction of Hydraulic 
Presses for Packing Cotton, Jute, &., with improved Engines and 
Pumps.” By Mr. Robert Wilson, of Patricroft. “On a Direct- 
acting Steam and Hydraulic Press.” By Mr. Ralph H. Tweddell, 
of London. The ballot will take place at the meeting for the 

of new bers; also the nomination of the officers for 
election at the next anniversary meeting. 
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THE SOURCE OF THE POWER OF THE 
TIDE MILL. 

TuE source of the power of the tide mill or the 
principles concerned in its action would appear to be 
regarded as a somewhat involved subject—at least 
it is not generally treated of in the text-books. 
Mayer's view, as is well known (as given in Pro- 
fessor Tyndall's book “Heat a Mode of Motion,” 
page 433) is that the power of tidal machinery is 

erived at the expense of the earth’s rotation. 
This is shown by the following passage: ‘‘ Suppos- 


ae then that we turn a mill by the action of the P 
e 


» and produce heat by the friction of the mill- 
stones; that heat has an origin totally different 
from the heat produced by another pair of millstones 
which are turned by a mountain stream. The former 
is produced at the expense of the earth’s rotation, 
the latter at the expense of the sun’s heat which 
lifted the mill-stream to its source.”* 

No explanation of the mode of retardation of the 
earth’s rotation by the action of tidal machinery is 
ven in Professor Tyndall's book, or apparently in 
ayers writings—though the mode of retardation 








* Mr. Robert Mall -— 
July, 1874), Mallet questions this view (Phil. Mag., 








of the earth’s rotation by the friction of the tidal 
wave is very clearly explained. As therefore we 
think the subject has some practical interest, and 
fully admits of elementary exposition, we propose 
to say a few words on the subject in this article, 
having previously considered the matter carefully. 

The phenomenon of the tide consists, as is well 
known, in an elevated mass or protuberance of 
water, situated (approximately) in the line joining 
the earth and moon, this protuberance of water 
not being carried round by the rotation of the earth ; 
so that by this rotation, objects are carried through 
this elevated mass of water or tidal wave, dippin 
gradually below the wave at one boundary an 
emerging gradually from the wave at the other 
boundary, giving rise to what is called the rise and 
fall of the tide, It is well to keep distinctly in view 
that (neglecting the relatively slow motion of the 
moon and only taking into account the phenomenon 
of the ordinary diurnal tides) the tidal phenomena 
are not due to the rotation of the tidal wave about 
the earth, but to the rotation of the earth beneath 
the tidal wave, which itself isstationary. ‘Thus the 
rise of the tide on a beach is not due to the move- 
ment of the tidal water up the beach, but to the 
movement of the beach underneath the tidal water. 
{t is important to keep this in view for the proper 
realisation of the facts. 

Let us suppose a reservoir carried round by the 
earth’s rotation beneath the tidal wave, and let 
the reservoir freely fill and empty itself as it is car- 
ried along; then evidently there will be no work 
done in retarding the earth’s rotation, and no work 
can be got by means of the reservoir. If, however, 
during the passage of the reservoir through the 
tidal wave, we impound a portion of the water and 
let the reservoir (by its rotation with the earth) 
carry away that portion of water in a direction from 
the tidal wave (i.e., from the line joining the earth 
and moon), then this portion of water must be 
carried away in opposition to the pull of the moon 
which tends to retain it in the tidal wave, and since 
this carrying away of the water is done by the 
earth’s rotation (carrying the reservoir with it), it 
follows that the earth’s rotation is thereby retarded ; 
just in the same way as it would be if we imagine 
that the entire tidal wave had been impounded and 
carried round with the earth away from the line 
joining the earth and moon, which it tended to ap- 

roach under the influence of the moon’s attraction. 
hat applies to the entire wave or mass of water 
applies to any portion of it, only the above extreme 
case may serve to put the fact of the retardation of 
the earth's rotation in a striking light. 

If the water thus impounded be allowed to 
flow out of the reservoir and descend through a mill, 
then the power thus derived from the water is the 
exact equivalent of that abstracted from the earth’s 
rotation. If on the other hand the water be re- 
tained in the reservoir so as to come round (by the 
earth’s ears 8 to the tide wave on the opposite 
side of the earth, then (conversely) in the approach 
of the water in the reservoir to the line joining the 
earth and moon towards which it tends, work will 
be done by the moon in pulling this portion of 
water round, so that the earth’s rotation will.be ac- 
celerated by an amount precisely equal to the re- 
tardation in the previous case, and, therefore, on 
the whole, no retardation of the earth’s rotation 
will ensue, At the same time no work is got out of 
the impounded water ; so that, therefore, it becomes 
clear that in order to derive work from the water, 
the earth’s rotation must be retarded, by an amount 
equivalent to the work derived. 

To look at the same fact from a somewhat 
different point of view, we may suppose that instead 
of impounding water, work is derived by raising a 
floating body by the tide. Then if the rise and fall 
of the floating body be not artificially resisted, it 
behaves exactly as the equal weight of water dis- 
laced by it would do, and the earth’s rotation is 
not affected in any way, and at the same time no 
work is derived. Butif the rise of the buoyant 
body be artificially prevented, then the earth in the 
act of its rotation has to plunge this body below the 
stationary crest of water raised by the moon’s 
attraction, and in performing this act, the earth 
has its rotation checked by an amount equal to the 
work done in plunging the floating body below the 
surface of the water. The mode of retardation of 
the earth’s rotation will we think be very clear and 
obvious in this example. 

If after the buoyant body has reached (by the 
earth’s rotation) the highest crest of the tidal wave, 

totally immersed, 


and is there the body be then 


allowed to rise, then in this act the exact energy 
which was abstracted from the earth’s rotation can 
be utilised for BP wirig-on. work, If then the float- 
ing body be allowed to sink freely again with the - 
tide, no further retardation of the earth’s rotation 
will ensue. But if the floating body be artificially 
confined at its highest level, or prevented from fall- 
ing with the tide, then the rotating earth will do 
further work, for in the act of rotating it has to lift 
this body out of the water; or in other words, the 
rotating earth in transferring the body (which is not 
allowed to fall) from a portion of the tidal wave 
where the water is high, to a portion where the 
water is low, has in that act to lift the body out of 
the water, for the body is no longer immersed at 
the part of the wave where the water is low. In 
this act of lifting the body, the rotation of the 
earth is retarded by an amount equivalent to the 
work done in lifting, 

If then, after the suspended body has been carried 
round by the earth’s rotation to the boundary of 
the tidal wave (when the water is at its lowest), 
the body be allowed to fall, then work may again 
be derived from the body which exactly represents 
that abstracted from the earth’s rotation in lifting 
the body out of the water. 

The level of the water it may be observed, is 
abnormally altered by the action of the moon. If 
it were not for this action of the moon, the surface 
of the water would always remain at the same level 
about objects on the rotating earth, and no immer- 
sion and emersion of these objects would take place 
by the earth’s rotation: but on account of the ab- 
normal elevation of the water opposite the moon, 
alternate immersion and emersion of objects neces- 
a takes place by the rotation of the earth be- 
neath this elevation of water, and thus this rotation 
may be readily made to perform work. 

us we observe that every operation of the 
tide mill takes energy from the rotating earth, and 
the inevitable conclusion follows that such opera- 
tions, if continued long enough, would bring’ the 
earth to rest.* The store of energy in the rotating 
earth is, however, so vast as to be practically inex- 
haustible by such operations in any time that we 
take account of. e rotative velocity of the 
earth’s surface is such as to objects fixed on 
its surface, from the lowest to the highest part of 
the tidal wave (a distance of one-fourth the earth’s 
circumference at the equator) in six hours, so that 
a lift can be obtained from the rotating earth 
(through the mechanism of tidal machinery) at every 
such interval. It would appear that this vast source 
of power were deserving of more attention than 
— to be accorded to it, or that the problem 
of using the rotating globe as a driving power 
through the mechanism of the tide might be worthy 
of the attention of practical engineers. 








METROPOLITAN GAS SUPPLY. 

TuE recent action on the part of the Metropolitan 
Board of Works in respect to the purity of gas sup-~ 
plied by the London companies will perhaps have 
more influence than all the threats of purchase, central 
control, &c., that have hitherto been adopted. Last 
week the Commercial Gas Company appeared at the 
Worship-street Police Court toan adjourned summons 
requiring them, on the part of the Board of Works, 
to show cause why a warrant of distress should not 
issue for eight penalties of 50/. each on account of 
their having supplied gas of a less purity than that 
specified in the Act of their incorporation. Mr. 

esley, for the Board, stated under the Act 38th 
and 39th Vict., c. 200, the private Act of the com- 

y, the Metropolitan Board was compelled to act 
n the interests of the public. The have 
appointed examiners and testing-houses to test the 
gas, and it was the duty of the examiner to re 
the result of the testings. It appears that on eight 
days in last September, the Commercial Company 
had — gas of less purity than allowed by their 
Act. The impurity complained of was an excess of 
ammonia over that which the referees had fixed as 


* In to the retardation of the earth’s rotation 
t h friction of the tidal wave (a cause quite different 
from that we have been considering), it may posers be 





worth noticing that the continual scour prod y the 
rotation of the earth beneath the tidal wave, may yy 
be abrading a regions of the earth and trans- 
ferring the ab: material towards the still water at the 
poles. The tidal wave has been aptly compared to h 
and is in fact a brake formed of halves of water 








a ’ 
inside 
which the earth rotates (the stip being epoted by gravity). 
Few brak te with ib 
ras coke ton be or a abrading ection, 
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a maximum, and this fact had been communicated 
to the company, who had not availed themselves of 
their power to appeal to the Chief Gas Examiner 
appointed by the Board of Trade, whose decision 
would be final. Evidence having been given of the 
impurity it was attempted on the part of the com- 
pany to defend the question on legal technicalities, 
and they asked for a special case of appeal. It 
appears that this is the first case under the Act, buat 
the magistrate at once decided on the facts to issue 
a distress warrant for the penalty of 400/. 

This will perhaps teach a lesson not only to gas 
but water and other public companies that, in 
certain cases, they are amenable to law in the in- 
terests of their customers. On the one hand the 
metropolis is held fast in summer by the water 

uestion and in winter by the whims of the gas 

ifficulty. It is remarkable that the two sets of 
companies divide the year between them. In 
summer we are blessed with “living organisms” 
and ‘suspended matter” in the water, and in winter 
with sulphur and ammonia in the gas. There is 
thus, in fact, a conspiracy instituted in the course 
of the year against the stomach and lungs of some 
four millions of people who cannot help themselves, 
except through their agent the Metropolitan Board, 
which has just woke up from a far too long lethargy. 

It has long been a dictum that every Englishman 
is bound to know the laws of his country. But, 
concluding from the little attention that has been 
paid to the compulsory powers that exist in respect 
to gas, water, sanitary and analogous legisla- 
tion of the last few years, by public authorities, 
these Acts have really become inoperative. Igno- 
rance of these matters, and of the powers conferred 
on vestries, &c., really becomes a sin, which might 
easily be avoided if the legal adviser of local autho- 
rities were called upon to give a concise explanation 
of the various Acts above referred to. It would 
then be the duty of the authority at once to act on 
such advice. In the event of their neglect the 
Local Government Board, if appealed to by a number 
of ratepayers, has ample powers and equal will to 
remedy the evils to which we have alluded, and 
that without delay. 


THE DOURO VIADUCT. 

On Sunday next, the 4th inst., the extension of 
the Northern Railway to Oporto will be declared 
open to public traffic by His Majesty the King of 
Portugal, and great preparations are being made to 
render the ceremony of inauguration both brilliant 
and imposing. 

Most persons who have travelled by rail from 
Lisbon to the north, will retain a vivid and by no 
means pleasant recollection of the discomforts 
experienced on arriving, after a long night in the 
train, at Villa Nova de Gaia, where the temporary 
terminus of the line has been established ever since 
it was opened in 1863. At an early hour of the 
morning they found themselves on the summit of 
the hills facing Oporto, and to get there, had to 
scramble as best they could with all their belongings, 
into the hard and uncomfortable omnibuses awaiting 
the trains, and which, after much shaking and jolting 
down the steep road leading to the river side, crosse 
the suspension bridge and entered the city. They 
might consider themselves fortunate if they arrived 
safely at their hotels under anything less than a 
couple of hours, 

By the opening of the present line all this will be 
done away with, as passengers will be able to 
proceed by rail to Campanhaa, the central station 
of the Minho and Douro ixtoon, which is situated 
at a convenient point on the outskirts of the city, 
not more than 400 yards from the gates; it also 
forms a junction with those lines, and is the means 
of placing the northern provinces in direct railway 
communication with the rest of the country. The 
extension is 24 miles in length, and passes through 
a precipitous and difficult country, necessitating the 
execution of some interesting engineering works, 
butin this article we propose to limit our remarks 
chiefly to the fine viaduct across the River Douro, 
which has the largest arched span in the world, and 
exceeds the central opening of the St. Louis Bridge 
over the Mississippi by about 5 ft. (vide ENGINEER- 
ING, Vol. xi. p. 73). 

After the Northern Railway Company had con- 
cluded satisfactory negotiations with the Govern- 
ment to enable them to proceed with the construc- 
tion of the work, they advertised for designs and 
tenders for the viaduct to be sent in, and from five 
received, they selected the one presented by MM. 
Eiffel et Cie., of the Levallois-Perret Iron Works, 








near Paris, as being by far the best, and were given 
the contract for the execution of the work which has 
just been so satisfactorily completed. The chief 
feature that had to be considered in determining the 
design was the character of the river, which is 465 ft. 
wide at the point of crossing, and has a depth of 
60 ft. of water. The bed consists of sand and mud, 
varying in thickness from 50 ft. to 120 ft., and if 
piers had to be used they would require to be carried 
down to a great depth before a solid foundation 
could be obtained ; furthermore, the river is subject 
to great floods, which come on suddenly, and have 
been known to rise as much as 40 ft. within twenty- 
four hours, so that piers would also require to have 
considerable lateral stability to resist the rush of 
the water. For these reasons an arch was de- 
termined upon to span the river from side to side, 
advantage being taken of the circumstance of the 
rails having to be carried at a considerable height, 
to do away with all spandril filling, and make the 
ribs sufficiently rigid to be self-supporting. The 
form given to them is that of a parabolic crescent, 
having a depth of 32.81 ft. at the summit or 
crown and gradually tapering to the springing 
line where they terminate on pivots pon 4 by the 
abutments ; by this means also the points of support 
were kept low down, and no difficulty was ex- 
perienced in obtaining the necessary stability at a 
moderate cost. The next matter for consideration 
was how best to counteract the effect of wind upon a 
structure of thismagnitude exposed at times to violent 
gales, and this was done by spreading out the base 
as much as possible, the two ribs being placed 49.21 ft. 
apart from centre to centreat the bottom, and battered 
or inclined towards each other, so as to reduce the 
width to 12.96 ft. at the top, the whole being securely 
tied together by a complete system of diagonal 
bracing. 

The principal dimensions of the viaduct as executed 
are as follows: The arch has aspan of 524.94 ft., 
the springing line being placed 45.28 ft. above low 
water, or 3.90 ft. higher than the level attained by 
the greatest flood on record, which took place in 
1860. The height to the crown of the arch is 
168.31 ft., and the upper surface of the rails is 
200.79 ft. above low water. On either side of 
the great arch, the viaduct consists of continuous 
girders supported by masonry piers; on the left 
bank of the river they are divided - into two spans of 
122.62 ft. each between the centres of bearings, and 
one of 120.16 ft. from the centre of bearing to the 
face of the end abutment; on the Oporto side into 
two spans of 122.62 ft. and 120.16 ft. respectively. 
As the arch has no spandril filling, the girders are 
continued over the piers, from either side towards 
the centre, for a distance of 188.66 ft., and the ends 
rest upon the extrados; this length is further divided 
into two equal spans of 94.33 ft., by a support 
carried up from the haunch of the arch to the 
underside of the girder. The remaining 170.21 ft., 
over the middle portion of the arch, is made to taper 
and fit the curve, and dies away to nothing at the 
centre, where the upper side of the girder is coin- 
cident with the extrados. The continuous girders are 
of the single intersection lattice type, and have a uni- 
form depth of 11.48 ft. Theyare placed 10.17 ft. apart, 
and the arena way, for a single line of railway, is 
carried by cross girders on the top of them. The 
ribs of the arch are also lattice braced, in harmony 
with the rest of the design. In order to provide for 
expansion of the metal under varying temperatures, 
the girders rest upon rollers on all the piers, except- 
ing those immediately on either side of the arch, 
the ends upon the arch itself -— “¢r placed upon 
rollers for the same purpose. e parapets are 
taken by cantilevers projecting sufficiently over the 
girders to allow aclear width of 14.76 ft. between 
them, and thus providing room for a footway for the 
use of the servants of the company. 

The total length of the metallic superstructure 
is 1163 ft., and of the viaduct, from end to end of 
abutments, 1207 ft. 

The particulars given above will be sufficient to 
show the general dimensions of the viaduct, and it 
will perhaps be more convenient for us to reserve all 
‘oui and the description of construction until 
another occasion, when we shall illustrate this 
interesting engineering work. At the same time 
we may observe that from mere dry figures it is 
difficult to grasp the real magnitude of a structure 
such as this, but if our readers will only imagine an 
arch thrown across about two-thirds of the width 
of the Thames at London Bridge, rising above the 
water to a height equal to that of the column of the 





Monument on Fish-street Hill, and carrying a rail- 





way on the top, they will realise the size of the 
centre arch of the Douro Viaduct. What they 
would find very much more difficult to do, would 
be to picture to themselves the grandeur of the 
panorama obtained from the summit of this new 
atructure. The banks of the Douro, with the city of 
Oporto nestling between its hills on one side, and the 
picturesque Villa de Gaia on the other, are lovely 
at all times, but the charming suburbs of the city 
and the extensive view of the valley of the river, as 
seen from above the bold granite cliffs at the point 
of crossing, present a view of such magnificence as 
is difficult to surpass even in a country so fall of 
natural charms as the north of Portugal. 


THOMPSON’S LANTERN GALVANO- 
METER. 

IN our notices of the Loan Collection of Scientific 
Apparatus and in subsequent articles, we have de- 
scribed most of the instruments in use at the pre- 
sent time for measuring differences of electrical 

tential known as electrometers and galvanometers, 

he former detecting and measuring potential 
differences through effects of electro-static force, and 
the latter through electro-magnetic effects of electric 
currents produced by those potential differences. 

Nearly all the instruments described in these 
notices were for use rather in the laboratory than 
the lecture theatre, their indications being better 
adapted for individual observation than for exhibition 
to an audience. 

Various contrivances have been devised by dif- 
ferent demonstrators for rendering the indications of 
delicate instruments visible to a large number of 
i at once. We remember some years ago 

r. Tyndall throwing on the screen the image of the 
dial and needle of an ordinary astatic galvanometer, 
by the very simple contrivance of a mirror placed 
at an angle of 45 deg. over the instrument with a 
lens in front of it, the Dubosq electric lamp being 
tilted so as to cast a powerful beam of light down- 
wards upon the dial of the galvanometer. By 
this means an enlarged view of the instrument was 
projected on the screen, and the deflections of the 
needle were made apparent to a large audience. 

The attachment to a moving body of a small 
mirror by which minute angular displacements are 
rendered visible and indicated on an exaggerated 
scale is due to the genius of Gauss, to whom is also 
due the honour of having been the first to introduce 
and to apply absolute measurement to the study of 
electric and magnetic phenomena. The use of 
the mirror as devised by Gauss was, however, con- 
fined to the a into a fixed telescope or eye- 
piece, the image of the divisions of a stationary 
scale, and although it magnified the deflections of 
the body to which it was attached, it was capable 
of rendering them apparent only to the person whose 
eye was at the telescope. 

The first to make use of the mirror for showing 
angular displacements by the reflection of a beam of 
light was, we believe, Mr. Charles Brooke, F.R.S., 
who in his photographic self-recording magneito- 
meters, which were exhibited in the Great Exhibition 
of 1851, adopted this plan for throwing a spot of 
light reflected from a gas lamp upon a moving 
cylinder of sensitised paper, but it was Sir William 

homson who first used the spot of light thus re- 
flected as an index traversing a scale, and his reflect- 
ing galvanometer, the invention of which rendered 
sub-oceanic telegraphy a possibility, was the first 
instrument to which a mirror was applied for this 
purpose, but, as our readers know, it has since be- 
come the almost universal method of rendering small 
angular displacements not only visible to audiences, 
but it is employed for individual research and for 
accurate measurement. 

From the arrangement of mirror adopted in the 
ordinary reflecting galvanometer of Sir William 
Thomsom it follows from a well-known law of 
optics that the an; displacement of the indi- 
cating spot of light is double that of the needle to 
which the mirror is attached, thus giving to the in- 
strument an exaggeration of scale to the extent of 
2tol. But this Joubling of the angle of displace- 
ment lessens the value of the instrument for demon- 
strating to an audience the relative strengths of 
electric currents i ugh its coils, which 
Pd on. ame ge to the tangents of the angles of 
displacement of the needle. In order to meet this 
ees Mr. W. J. Wilson designed a form of 
re 


ecting ent galvanometer for lecture — 
so arranged that the divisions on the ms show, 














without calculation, the relative strengths of dif- 
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ferent currents. In this instrument the mirror is 
attached to the needle, with its plane at an angle 
of 45 deg. with the vertical axis of the instrument, 
and the beam of light, reflected vertically upwards 
py a fixed mirror placed below, falls upon the needle- 
mirror and is by it projected upon the screen or 
scale. As the beam of light from the lamp always 
strikes the needle-mirror at the same angle, no 
matter what the position of the needle may be, it 
follows that the motion of the reflected ray is iden- 
tical with that of the needle, and if the spot of 
light be allowed to fall — a straight scale of equal 
parts perpendicular to the zero plane of the instru- 
ment, fio Hiaplecement, measured by the scale, will be 
the tangent of the angle of displacement of the needle, 
and will therefore be directly proportional to the 
strength of the current, This galvanometer was 
exhibited by its inventor for the first time at a 
meeting of the Physical Society, which was held in 
June of last year. ; 

The displacement of a spot of light upon a screen 
as an indication of the movement of a galvanometer 
needle, though perhaps the most satisfactory of all 
methods for demonstration in the lecture room, is 
not always easily understood by an unscientific 
audience ; it indicates the amount of movement in 
the galvanometer, but does not show the instrument 
itself—nor even its moving parts. Mr. Silvanus P. 
Thomson, B.Sc., Professor of Experimental Physics 
in University College, Bristol, has designed an 
exceedingly simple instrument which meets the 
requirements of a good lecture-room galvanometer 
in a remarkable degree. This instrument, of which 
we annex an illustration, is in the form of a 





magic lantern slide, and is employed in the same 
way for casting an image or shadow onthe screen. 
It consists of a coil of insulated a wire wound 
upon a flat bobbin of brass A B C D, within which 
is delicately balanced upon a horizontal axis E, a 
magnetic bar or needle N S, which carries a long 
index of aluminium fixed at right angles to it, and 
which traverses a semicircular divided arc or scale 
reduced by means of photography upon a plate of 
glass. All the parts of the instrument are kept 
within the thickness of the mahogany slides so that 
it can be used in any magic lantern and magnified 
to any size upon the screen. 

In order to obtain a maximum of sensitiveness, 
the axis of the needle is placed very slightly above 
the centre of gravity of the needle with its index. 
With a magnetic needle balanced se nearly at its 
centre of gravity, it might be supposed that when 
the plane of the instrument happens to liein or near 
to the plane of the magnetic meridian, the indications 
of the instrument would be invalidated by the 
effect of the magnetic ‘‘ inclination” or ‘‘ dip,” but 
Mr, Thomson corrects this by a compensating 
magnet placed below, but at such a distance as to 
neutralise the influence of the vertical intensity of 
the earth’s magnetism without impairing the sensi- 
tiveness of the instrument as a galvanometer, 

This instrument in its unimproved form was first 
described by Mr. Thompson at the Physical Society 
in February of the present year, and at the recent 
meeting of the British Association at Plymouth he 
exhibited and described the improved instrument 
figured in the sketch. For experiments with the 
thermopile and for detecting currents capable of 
overcoming but small resistance, the bobbin is 
wound with a few turns of thick wire, but where a 
circuit is required of greater length and resistance, 
the coil is composed of a great many turns of fine 
wire, the ends of which are connected to the ter- 
minal screws seen to the left of the frame. 

In the short discussion which followed the reading 
of Mr. Thompson's paper at Plymouth, Sir William 
Thomson spoke of the arrangement as “a most 
valuable instrument” and said that ‘‘ whenever he had 
occasion in future to explain electro.dynamic rhe- 
nomena toa large audience, he should certainly avail 
himself of Mr. Thompson’s beautiful arrangement.” 


We can add nothing to such an opinion from so great 
an authority upon electrical matters as Sir William 
Thompson, who is the inventor of almost all the 








instruments used at the present day in electro-static 
and electro-dynamical research. 

Mr, Thompson has also applied the same lantern- 
slide construction to the gold-leaf electroscope 
with great success, 

The instruments exhibited at Plymouth were made 
under the direction of the inventor by Mr. Kerslake, 
of Bristol, and displayed great perfection of work- 
manship and finish. 








THE PARIS EXHIBITION.—No. VI. 

THERE remain to be considered the general prin- 
ciples resolved upon, to control the arrangements 
for admission, for the restaurants, the catalogues, 
&e. 

The system of admission adopted in 1867 was 
justly open to criticism. The turnstile is defective 
in its operation, and it appears difficult to correct 
these imperfections, Rarely exact, it usually records 
a smaller number of entries than the truth, and so 
forms an entirely illusory means of control, and, 
indeed, an indirect encouragement to fraud, since all 
deficits can be easily referred to the mistake of the 
apparatus. Other objections may be raised against 
this apparatus, its high cost, its expensive main- 
tenance, and frequent breakdowns, the large staff 
required, &c, But its unreliability is quite sufficient 
to justify its abandonment. The use of tickets 
appears preferable. Placed freely at the disposition 
of the public, through numerous eet eran 
postal, telegraph, &c.—they would be easily acces. 
sible, and within the reach of every visitor. If to the 
above-named agencies were added railway, tramway, 
and omnibus depéts, hotels, cafés, &c., the facilities 
for the sale of tickets would be multiplied indefinitely. 
But in order that the ticket system may afford to the 
Administration the necessary security, it must fulfil 
the two following conditions: 1. That fraudulent 
imitations should be difficult and costly. This 
could be secured by the design of the tickets, the 
employment of a special paper, by impressed 
stamps, &c. 2. That the tickets once uggd should be 
rapidly and easily destroyed. This latter condition 
may be fulfilled by any of the usual means, as, for 
instance, defacement by stamping, or by punching 
or tearing the ticket. But it is doubtful if either 
of these processes is rapid enough to admit of easily 
dealing with the ten or fifteen thousand visitors who 
may present themselves for admission in a space of 
three or four hours, The General Commissioner does 
not think so, and he considers it would be preferable to 
have recourse to more expeditious means. It appears 
to him that if the tickets were thrown by the 
receiving clerk into a receiver, which should conduct 
them to a bath of corrosive acid, or dye, or between 
two inked cylinders, or punching rollers, they could 
be indelibly marked very rapidly, and the tempta- 
tion of re-employing them would be removed. ‘The 
use of ordinary admission tickets will be supple- 
mented by season tickets. In 1867 these latter pro- 
duced a sum of 37,400/., or about 9 per cent. of the 
whole receipts. ‘They were distributed as follows: 


£ s. d. 
Gentlemens’ season tickets at 4 0 0 2,258 
Ladies’ and partial os 8 0 2,865 
” 9 » 1123-0 78 
” ” ” 1 00 2 
np * 93 016 0 212 
Weekly tickets at we 2 e 83,072 
mi 46 ae oe an = 7,167 


M. Krantz considers that it will be advisable to 
simplify this system of season tickets by printing 
only two types, namely, 


Permanent tickets (gentlemens’ and ladies’). 
Fortnightly ” ” ” 
These will be prepared in accordance with types 
—— by him, and will each bear the photograph 
and signature of the holder. These two evidences 
of authenticity will not probably suffice to prevent 
all attempts at fraud, but will at all events check 
them to a very great extent. The system was 
found to work well in 1867. The price of these 
tickets will be 
Single admission ose oe = ose—~Ssd. france. 
Fortnightly tickets : 10s. 
Season tickets ... ° eee ovo 4l. 
The two latter classes will be strictly non-transfer- 
able. : 

But besides those which refer to the paying 
public, there are the free tickets—those distributed 
of necessity, and those given by courtesy, embracing 
the higher officers of the State, the employés and 
agents connected with the Exhibition, the members 
of Committees of Admission and Installation, the in- 








ternational juries, and the exhibitors themselves, In 


1867 the free passes were very numerous, and in 
addition to depriving the revenues of the Exhibition 
of sums which ought to have come into its treasury, 
involved considerable outlay for printing, and 
caused much trouble and no small amount of fraud. 
During the coming Exhibition free passes will be 
reduced to three different types. The first, forming 
a permanent ticket, will be provided for officials, and 
persons to whom it is desired to accord the compli. 
ment of free entry, to agents and employés, and to 
members of committees and juries, It will be a 
folding ticket with space for the photograph and 
autograph of the holder. The second class, intended 
for exhibitors and their representatives, will be 
similar to those red cards employed in 1867. They 
will also bear the photograph and signature. Fi- 
nally, a paper disc carrying the stamp of the Com- 
missioner, and the autograph of the holder, will give 
free admission to the workman, The ticket will be 
sent direct to the employer, and taken from the 
holder each time he enters to be again remitted to 
the employer. 

Touching the restaurants. In 1867 refreshment 
saloons, &c., were established upon the outer gallery 
of the palace, around which they formed a species of 
zone, in very questionable taste. Each nation was 
thus invited to exhibit near its section examples of its 
domestic and culinary customs, an idea realised only 
with several grave inconveniences; and the large 
number of these establishments and the competition 
they created gave rise to a long series of lawsuits, 
The following are the arrangements adopted for 
1878. . The restaurants are divided into three 
categories. The first of which comprises those of 
of the mye order, the second those having a fixed 
tariff, and the third are essentially the people’s re- 
staurants, These three classes will supply the re- 

uirements of all the visitors, The first will receive 

e more wealthy class, to whom comfort is the first, 
and price a secondary object. Visitors of less ex- 
tensive means, will probably form the sole but 
large patronage of the restaurants d prix fixe, and 
finally the workman to whom a repast, no matter 
of how moderate a character, partaken of from 
home, is nevertheless an extravagance, will 
seek the humblest and most economical places 
constituting the third class, Besides these principal 
ones some bars and buffets will also be permitted, 
as well as stands for ices and iced drinks. ‘There will 
be two restaurants @ /a carte for France, one in the 
Champ de Mars, and the other in the Trocadéro. 
Some other countries will certainly request the 
privilege of establishing national restaurants. Two 
such will be admitted, making four in all, two at 
the Champ de Mars and two on the other side of 
the Seine. The area of 600 square metres will be 
allotted to each of these restaurants and their neces- 
sary Offices. The restaurants 4 priz fie will be five 
in number, two in the park of the Champ de Mars, 
two in the Trocadéro, and the fifth near the centre 
of the exhibition of agriculture on the Quai d'Orsay. 
The experience of 1867 showed that for middle-class 
restaurants it was of no use to count on the co- 
operation of foreign sections, who could not expect 
to make establishments of this nature sufficiently 
remunerative. All five of these will, therefore, be 
French, and a space of 800 metres will be assigned 
to each of them, The workmen’s eating houses, 
bouillons, brasseries, &c., will be six in number, four 
in the Champ de Mars and two at the Trocadéro, 
One thousand metres will be reserved for each of 
these. As to the bars, ice and iced-drink counters, 
five of each class, or ten in all, may be allowed for, 
and being small and of very secondary importance, 
from 50 to 100 metres each will be allowed for 
them, If the owners of the buffets and ice counters, 
in proportion to their small available space, desire 
to provide actual repasts, the restaurateurs of both 
classes will on their part be at liberty to sell drinks 
during the intervals between meals, or in other 
words during the whole time the Exhibition is open. 
This point ought to be expressly defined to avoid 
the many legal disputes which a want of clear- 
ness on the same point gave rise to in 1867. 

The conditions im; on the restaurant keepers 
will be as follows: All establishments will have to 
be kept with the utmost neatness, they must main- 
tain good order within, and avoid all quarrels, 
drunkenness, and other difficulties. Those restau- 
rants requiring the use of furnaces, or other cooking 
appliances, will have to provide that no smoke or 
offensive odours shall escape, and they will also pro- 
vide a sufficient water supply to extinguish any fire 
that may break out, The privileges of keeping these 
twenty-five restaurants will be submitted to com- 
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petition. The following is the advice of M. Krantz 
on this subject. Regarding the restaurants of the 
first and second classes he considers it Will be wise 
to receive the offers of a limited number of pro- 
minent restaurateurs. For the baffets a similar 
limited system of competition will also be preferable. 
These latter establishments will be inexpensive to 
instal and maintain, and will probably be a source 
of large profit. It is necessary, moreover, that they 
should not be placed relatively under more favour- 
able conditions, than the restaurants with which 
they will, to a certain extent, compete. It being 
assumed that the contractors would themselves 
erect and fit up their establishments, the question 
of competition would resolve itself into a ques- 
tion of amount to be paid to the State for the 
privilege, The basis on which this amount 
should be fixed is a delicate one. M. Krantz con- 
siders that all necessary conditions may be best met 
by fixing it on the percentage of visitors paying for 
admission in all parts of the Exhibition. Thus the 
restaurateurs would pay the State so much per 
thousand admissions as evidenced by the Treasury 
receipts, either one, two, three, or more francs per 
thousand, Supposing, for example, a tax of three 
francs was fixed, and 15,000,000 visitors paid for 
admission, the amount to be paid would be 1800/. 
For the cheaper restaurants, Joui/lons, brasseries, &c, 
it is necessary that the workman or the nt 
who brings his family for a day to the Exhibition, 
may be able to procure a sufficient refreshment with- 
out too great a tax on his small resources, It is 
necessary that he should find there cheap bread, 
wine, beer, soup, and some substantial dishes, This 
class of restaurants therefore will not admit of any 
ce mpetition. 
of working them will not be enforced, but a 
selection of responsible restaurateurs will be made, 
and buildings of very modest pretensions will be 
sanctioned to be erected at the cost of the persons 
owning the restaurant. But, on the other hand, 
a very rigid surveillance will be exercised on the 
tariffs charged, which must be kept as low as possible, 
while at the same time every precaution will be 
taken to maintain a high standard in the quality of 
the food. 

Finally, the catalogue has been the object of 
much important labour, The idea of condensing 
the necessary information in a single volume, _—_ 
difficult to consult and carry, has been abandoned, 
and a special volume will be prepared for each 
section of the Exhibition, while the collection will 
be completed by a volume of Tables arranged in 
such a manner as to form a general reperfoire, and at 
the same time a clear and exact guide which will 
permit the visitor to find either any given series of 
objects, or any special exhibit, ‘This catalogue, 
—- at the cost of the State, will be printed 
under the direct surveillance of the Administration, 
by the National Printing Department, and delivered 
direct to the sellers by the agent of the Treasury, 
It would have been easy to save all this expense, 
and at the same time to receive a considerable 
benefice, by handing the whole undertaking to a 
private contractor, But the recollection of certain 
difficulties in the past, and the consideration of the 
dignity of the work, have led to the abandonment 
of this system, which moreover is not compatible 
with direct intervention of the State in the organi- 
sation of the Exhibition. 

The General Commission have upheld the rule 
from the commencement not to concede gratuitously 
or otherwise any monopoly or exclusive privilege, 
and to admit wherever possible free competition. 
This principle has the advantage of leaving full 
liberty to the public, and saving the Administration 
from many troublesome disputes. It has been de- 
cided, moreover, that no special charges shall be 
made within the Exhibition, with the exception 
of those which form payments for services rendered 
to the public, such as wheeled c..airs, lifts, &e. 

The sale of articles de Paris, and similar objects, 
is to be equally banished from the Champ de Mars 
and the Trocadéro, as well as from the theatres, 
concerts, &c, ‘This trade flourished in 1867, creating 
a@ prejudicial competition with similar establishments 
in Paris. In effect, it is desired to prevent the Ex- 
hibition from developing into a species of town, 
distinct from that in which it is held, and it is 
resolved to maintain for it its true character of 
open competition only for objects of international 
industry. 

We have now considered a)l the many and varied 
general arrangements decided upon, and will proceed 
t© review those connected with the Works, and the 
otganisation of the Foreign and French sections. 


Payment for the privilege therefore | 


We publish this week a two-page plate showing 
the construction of the roof of 82 ft. span, which is 
employed to cover in so large a portion of the 
building in the Champ de Mars. e shall describe 
this roof at a later date. 








THE ELECTRIC LIGHT, 
To tHe Epiror oF ENGINEERING. 

Srr,—Will you kindly, in fairness to the Gramme ma- 
chine, insert in your next issue the following comparison 
between the present Gramme machine now in use for the 
last three years in a number of factories, over 600 being in 
work or in hand, and the machine which has unfortunately 
been tested by the Trinity House. 

You will understand that we attach no blame whatever 
to the experimenters, they, of course, worked with the ma- 
terials supplied to them. What we say is simply that the 
machine tested and reported upon is not in the slightest 
the machine now offered to the public and in general use : 





machine in the contrary direction to the motion that would 
be imparted to it by the current, and in trying the experi. 
ment we were startled by the fact that a considerable 
over was the immediate result of imparting such 
motion. 

Immediately after obtaining this result my brother in. 
vited Professors Dove, Magnus, Da Bois, Raymond, and 
several other of the leading physicists of Berlin, to witness 
in our presence these striking results. This inspection 
took place before Christmas, 1866, and therefore previous 
to the date of Mr. Varley’s provisional specification, and a 
little time naturally elapsed before my brother and myself 

pared our — papers for the Berlin Academy of 
iences and the Royal Society. 

Ihave the highest regard for Mr. Varley’s ingenuity, 
but think that in the present instance he has saally been 
anticipated in the discovery of the principle which seems 
destined to be productive of important practical results. 

Tam, Sir, yours faithfully, 
C, Wiu114M SIemens. 

12, Queen Anne’s Gate, October 30, 1877. 





\Price. 


£ 


Dimensions. 





-in. ft.in. ft. in. 


Gramme machine as per 
Trinity House Report. 
(No. 2 machine) ... 

Present Gramme machine as, 

Professor Tresca’s 4 _ 


27x 2 7x41 








per 


port 20x12x2 0 


| 


Length, Width. Height. 
t 





| 
Horse Power! ;.- F 
| Light given 
Real |’: 
required. in Candles. 


Light given 
per Horse 
Power. 


Weight. 





tons. cwt. qrs. Ib. 


1 5 2.0 5.74 4016 


0 3 2 10 2 7000 














To put it shortly, the Gramme machine of the present 
day, that to which comparisons ought to refer, especially 
as it has been in existence for the last three years : 
Fag three times less than the machine tried by Trinity 

couse. 

Weighs six times less than the machine tried by Trinity 
ouse. 

Requires three times less horse power than the machine 
tried by Trinity House. 

Produces nearly double the light than the machine tried 
by Trinity House. 

And per horse power consumed gives five times as much 
light as the machine tried at the South Foreland. 

Under these conditions it is evident that the conclusions 
of the report*cannot represent in the slightest the true 
merits of the different machines. This may perhaps ex- 
plain why the Gramme machine has such an extensive 
sale, and why all the Continental Governments, the French, 
Russian, and Prussian included, have given and are giving 
orders for Gramme machines. 

We remain, Sir, yours truly, 
CuaRLEs BALL, C.E. 

21, New Bridge-street, London, October 31, 1877. 


To THE EpiToR oF ENGINEERING. 

S1r,—I am sorry to trouble you further, but porters you 
will permit met to say a few words, as Dr. C. W. Siemens, 
in his letter which appears in your last issue, has altogether 
ignored my claim for the discovery of the “‘ action and re- 
action principle of magnetisation.”’ 

I must now ask you to allow me to say (what I purposely 
omitted in my letter of October 22) that I was informed on 
the best authority that when Ladd brought out his dynamo 
machine in 1867 a claim was made by Messrs. Siemens 
Brothers for royalties, which claim was subsequently 
abandoned in co uence of attention having been drawn 
by the late Sir Charles Wheatstone to the published speci- 
fication of my invention of 1866. 

Precedence in scientific discovery, whatsoever it may be 
worth, is evidently appreciated i ie, Siemens, and there- 
fore when claiming precedence for his brother over Sir 
Charles Wheatstone in the matter under discussion, I 
should have thought Dr. C. W. Siemens would have con- 
sidered it due to himself to have referred to my still earlier 
claim. 

I am, Sir, yours truly, 
8S. ALFRED VARLEY. 
Hatfield, Herts, October 29, 1877. 


To THE EDITOR OF ENGINEERING. 

S1r,—Among the letters written to you in consequence 
of your article on ‘‘ The Electric Light’”’ contained in your 
issue of the 19th inst., is one by Mr. C. Varley, claiming 
to be the original discoverer of the dynamo-electric or 
reaction principle involved in the machines now employed 
for producing intense light. Mr. Varley refers your 
readers to a provisional specification which he filed on the 
24th of December,'1866, and which will have been published 
in due course by the Patent Office in Jaly, 1867. 

Itappears strange that when the first publication of the 
principle in question took place through the reading of my 
paper sent into the Royal Society on the 14th of February, 
1867, and Professor Wheatstone’s sent in on the 24th, Mr. 
Varley did not come forward to join in the discussion, 
which created considerable interest among scientific men at 
the time, nor did Mr. Varley ever file a complete specifica- 
tion of his patent. As a matter of fact, therefore, the first 
publication of the principle took place in the Proceedings 
of the Roya! Society in February, 1867. 

But as rds the dates of invention, I may add that 
my brother Werner tried his first experimental machine-in 
December, 1866. I was present at Berlin during these 
early trials, which were in fact undertaken in consequence 
of a discussion between my brother and myself regarding 
the question whether the dynamical principle of the con- 
vertibility of natural forces was applicable ‘ 

It occurred to my brother that if this were the case a 





galvanic current must result in driving an electro-magnetic 





BOILER INSPECTION. 
To THE EDITOR OF ENGINEERING. 

S1rr,—I was glad to see your leader of the 19th inst. on 
the above subject, justly condemning the culpable careless- 
ness of a boiler insurance company. It, however, seems to 
require notice from the Yorkshire Boiler Insurauce Com- 
pany, as otherwise the latter might appear to submit to the 
imputation of a share in a line of conduct from which you 
mention only the Manchester Steam Users’ Association as 
being exempt. 

Without claiming to be the only company who will not 
insure boilers without taking the precaution of properly 
ascertaining their safe construction and condition, I wish 
to state, on behalf of this company, that it takes the 
position of not having any boiler under its care, whether 
for insurance or inspection, without being certain that it is 
satisfactory in both respects, or placing fully before the 
owners the responsibility which they incur in denying what 
is necessary for the attainment of such certainty. 

We have a printed circular form of request for annual 
‘* thorough”’ examination, which is duly sent to our insurers 
as a reminder, if arrangements for such examination are 
not otherwise forthcoming. 

You say that the companies should insist on oppor- 
tunities for the necessary inspection, but it should be re- 
membered that either inspection or insurance is voluntary 
with boiler owners. We think we are more likely to do 
good and to extend boiler inspection by taling 2 moderate 
course, instead of insisting on conditions which we may be 
unable to obtain at the moment, but may eventually by 
perseverance in putting forward the necessity for them. 

It is our view that the hard and fast lines and scrupu- 
lousness in comparatively minor matters of the Steam 
Users’ Association err nearly as much on the one side, as 
the negligence to which you call attention does on the 
other, that they do not ‘‘ go down’”’ with a great majority 
of boiler owners, and greatly limit the usefulness of the 
Association. This seems apparent from the fact that the 
Association has been established considerably over twenty 
years, and at the present day does not inspect more than 
about:3000 boilers, a number very much below that insured in 
any one of several other companies of much less age, 
and comparing very unfavourably with our own results. 

We started only four and a half years ago, since when 
trade has been continuously bad; aah yet, carrying out the 
policy above explained, we have now under our care & 
number of boilers forming a large fraction of that under 
the Steam Users’ Association. Of this considerable 
number 90 per cent., in round numbers, have had thorough 
examinations within the last twelve months, and more of 
them at an earlier date, while in instance of the immunity 
from disaster under our inspection, I may say that this 
company has had no claims to meet since its formation, 
except a few from overheating of furnace tubes, either from 
negligence of attendants or from bad feed water (against 
which the boiler owners had previously been cautioned), 
and that no loss of life or injury to any person has resulted 
from any of these cases. . 

We sometimes find it difficult to induce boiler owners to 
do what we consider necessary for the safety of their 
boilers, having in a number of instances been met by the 
assertion that ‘‘if we did not approve of the boiler as it 
was, the other company would insure it without making 
objections.”’ 

A case in point is as follows: A boiler was recently 
offered for our insurance with a safety valve load of 40 lb. 
per square inch. It is a two-fiued boiler but fired under- 
neath, 5ft. 9in. in diameter, with straight through tubes 
20 in. indiameter. The end plates are } in. thick, in three 
eee ee to join the shell, the joint oes - 

a being made bya inl Panagiog 0 . 
totally wee vertical distance from 
the crown of the shell to the level of the crowns of the 
tubes is2ft. 9in. We declined to insure this boiler unless 
supplied with through bolt stays, of which we gave par- 
tiovlars , and which we recommended as being the cheapest 


available. ‘ 
We learnt that ‘‘the boiler was’’ (formerly) “ insured 
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by the other company, who are desirous of insuring it 
onda without any alteration being made.” 

We submit the above, without comment on the safety (?) 
of the boiler so insured, as a sample of the mischi one 
by such inspection as we join with you in protesting 
against, and of the injustice which competent and honest 
inspection has to suffer when brought into contact with 
such an auxiliary to want of knowledge on the part of 
boiler owners. 

I am, Sir, yours respectfully, 
Chit “ OHN byes 5 
i ngineer and Manager, 
29, Tyrrel-street, Bradford, October 24, 1877. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change at Middlesbrough, but the 
amount of business transacted was not worth mentioning. 
The prices of pig iron were unquestionably weaker, No. 3 
Cleveland being offered by makers at 40s. per ton less 1 per 
cent. Other qualities were quoted at the usual propor- 
tionate rates. More furnaces will certainly be blown out 
soon unless trade improves. Pig iron makers cannot go on 
producing pigs to put into stock or even to sell at present 
prices. The miserable condition of trade is not confined 
to this district. In Scotland out of 157 blast furnaces 
only 88 are in operation. In South Staffordshire out of 
149 only 48 are working, in South Wales about 50 per cent. 
of the blast furnaces are standing idle, and in the hematite 
district of Cumberland and Furness ont of 67 furnaces 
only 45 are in use. 


The Finished Iron Trade.—There is no improvement 
in this important industry. The melancholy spectacle of 
huge works dese and unproductive are conspicuous to 
the traveller through the Cleveland district. No one dare 
prophesy with any degree of confidence when capitalists 
may hope to be recouped for the losses they have recently 
sustained. Some people contend that the iron rail trade is 
practically done, and that the works will have to be 
adapted so as to manufacture steel rails. 


Engineering and Shipbuilding.—Fortunately for the 
northern rivers, engineers and shipbuilders continue busy. 


Sale of Iron Works at Middlesbrough.—Yesterday in the 
board-room of the Exchange, Middlesbrough two iron 
works and a colliery were offered for sale by Mr. Charles 
Willman, auctioneer. There was a numerous company 
present, including capitalists, members of Parliament, 
bankers, ironmasters, merchants, and others. The first lot 
offered were the Lackenby Iron Works situate at Lackenby, 
near Eston, to the east of Middlesbrough, consisting of 
three blast furnaces, complete in every respect for the out- 
put of a maximum make of G.M.B. Cleveland iron, together 
with the fixed and loose plant and tools. It was stated that 
there were also twenty-six workmen’s cottages, and that 
the land upon which the works stood was leasehold for 
several terms of 99 years. The first bid was made by Mr. 
Richards, 'the general manager of Messrs. Bolckow, Vaughan, 
and Co.’s works, he offering 30,0001. for the entire concern. 
After some hesitation Mr. T.G. Robinson, of London, on 
behalf of the vendors, put in their bid of 45,0007. Mr. 
Richards then offered 46,000/., after which the bidding was 
as follows: 46,5001., 47,0001., 47,5001., 48,0001., 49,0007., 
49,5001., 50,0001. Mr. Joseph Dodds, M.P., Stockton, 
then bid 50,1007., and was declared the jpurchaser at that 
amount. It was stated in well-informed circles that Mr. 
Dodds had bought the works for the guarantors to the 
Lackenby Iron Company. The West Hunwick Colliery, 
near Bishop Auckland, together with the firebrick works 
and coke ovens, was next offered forsale. Mr. Dodds, M.P., 
bid 1000/. for this lot. The reserve bid of 20001. was put in 
by Mr. Fletcher, accountant, London. Mr. Dodds then 
offered 20501., and was declared the purchaser. The South 
Durham Iron Works, at Darlington, consisting of three 
blast furnaces and all the necessary appliances for the 
manufacture of pig iron, were next putupfor sale, but no 
offer being made they were withdrawn. 








A NEW DYNAMOMETER, 
On a New Dynamometer for Measuring the Power 
Delivered to the Screws of Ships.* 
By Mr. Wiiu1am Frovupe, F.RB.S., of Torquay. 
_ To trace the dynamic actions which are correlative to the 
internal fluid motions described, it will be convenient to 
recur to the notion of the discs of water which, rotating 
between the diaphragm planes, constitute the reacting 
vortices ; and, as already suggested, it is convenient to 
regard the channel as virtually straight amd of unlimited 
length, or (what is equivalent to this) forming a circle of 
unlimited diameter. 

Remembering that the cross section of the channel is 
ellipitical in order that the obliquely placed diaphragms which 
span it may be semicircular, each of these vortex discs may 
im imagination be subdivided by a series of quasi-elliptical 
layers or skins, laid conforma’ ly to the inner surface of 
the channel, and a intersected by a series of planes 
laid parallel to the diaphragm; and if we assume these 
surfaces to be rigid but without thickness, and friction- 
less, we shall in the whole conception, have substituted for 
a single complex idea the multiple of a simple one, which is 
nevertheless so nearly identical with it in effect, that in 

- tracing out the abstract principles involved, we may clearly 
use the conception as the basis of our reasoning. 

Under this conception, the spaces between every pair of 





* Appendix to paper read before the Institution of Me- 
chanical En neers at Bristol (see e 67 ante) exp)ana- 
tory of the dynamical action of the turbine dynamometer. 





diaphragms in the turbine, as well as those in the casing— 
that is to say, the vortex spaces—would be regarded as com- 
pletely occupied by a Lge pepe system of pipes, of 
parallelogram section, and of a semicircular outline when 
referred to the planes of the diaphragm, laid obliquely so 
as to precisely fit the semi-elliptic channel, the mouths of 
the pipes, at each end of the semicircles in the casing, 
looking across the divisional plane into the mouths of the 
corresponding pipes in the turbine, and vice versd. Though 
these pipes are imaginary I shall speak of them as if they 
had a real existence, in order to define the stream lines. 

When the turbine is at rest, each of the pipes which cross 
its channel in the manner described, taken in connexion 
with its counterpart in the casing, may be led as 
capable of carrying a complete circular ring of water 
flowing round this single circuit, with uniform speed 
throughout the circumference of the circle ; but in this case 
the speed in any one pipe is not affected by the speed in any 
other, and the flow in each may in imagination have a 
different speed. 

When the turbine is in motion, it no longer happens (as 
happened while it was at rest) that each individual pipe, 
say in the casing, is delivering back its water into the 
reverse end of the counterpart turbine pipe from which it 
was received, thus forming an independent ring, but the 
water received from one pipe is presently discharged into 
the mouth of some other with which it hap; to be 
brought into connexion by the motion of the turbine, so 
that the complete series of pipes in any one layer, consti- 
tutes in effect one single circuit or quasi-spiral stream, 
threading its way round and round the whole circuit of the 
channel again and again, and so strictly continuous that 
the flow through every inch of it must have the same speed ; 
not the same s in space—for owing to the cireum- 
stance that the pipes in the casing are ey ray Meco 4 
those in the turbine are moving forward, the flow t h 
the latter must have the greater s' in space—but the 
same speed relatively to the surface of the pipe within 
which it is flowing. 

It will quickly be seen that the whole of the actions and 
reactions involved in the existence of the flow and essential 
to its maintenance, may be taken complete account of in 
terms of the conditions of the flow at the points of discharge 
and reception, or as it may be called, the ‘‘ region of trans- 
ference ;’’ transference, that is, from the turbine to the 
casing, and vice versd. It may be added that since the 
motions of the turbine and the casing are, relatively to 
each other, precisely the same in bot ions of trans- 
ference—the same where the water leaves the turbine and 
enters the casing, as where it leaves the casing and enters 
the turbine, all the relative reactions which occur in the 
one instance will be repeated identically in the other. 
Precisely the same conditions operate in both instances ; 
and we now proceed to trace out these conditions. 






ws 
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Fig. 1 shows a segment of the outside layer of pipes, as 
they would appear at the region of transference if viewed 
through the sides of the channel, the planes in which they 
are bent hens presented edgeways to the observer. The 
line A B is the equatorial or divisional plane between the 
turbine and the casing, seen edgeways. The oblique 
parallel lines show the oblique pipes; those above A B 
being assumed to belong to the casing, those below it to 
the turbine, taken at a meet when the mouths of the 
two sets of pipes are precisely in apposition. : 

It will ty assumed that a steady speed of rotation is 
maintained in the turbine on its axis, and that the speed 
has been maintained long enough to have produced a steady 
speed of flow through the pipes; that speed, namely, at 
which the natural frictional resistance the flow equals 
the potential or forward force inherent in the dynamic 
conditions. The direction of the motion of the turbine, 
and that of the flow of the streams, are indicated by the 
two arrows. 

Let the speed of the turbine, and that of the flow rela- 
tively to the pipes, be respectively represented, both as re- 

ards magnitude and direction, ¥ the lines ab, bC in 
Fig. 2; then the compound speed of the particles, that is, 











their actual speed in space as they issue from the turbine 
pipes, is shown by the dotted line aC. It will be con- 
venient to call the speed and direction of the streams as 
indicated by b C, their ‘‘established speed’’ and “‘ estab- 
lished direction ;’’ and as indicated by a CO, their “aug: 
mented’ or ‘‘ compound speed,’’ and “compound direction.”’ 
I shall subsequently denote these speeds ab, bC, and aC 
by the V, vo, and v, respectively. It is geometri- 








cally obvious that, measured relatively to their compound 
direction, the streams all become diminished in width or in 


again, that on entering the stationary pipes, the sletnian 


are obliged by their surroundings, as we have seen, 
peo ee their ‘‘ established direction”? and their 


— widening at the same time from their 
narrowed to their established width, in correspondence 
with their loss of speed. 

The enforced extinction of the speed-augment at this 
se — of transference” is of necessity accompanied by an 
exaltation of pressure in the mouths of the recipient pipes, 
and the enforced change in direction of flow, involves a 
definite forward force on the sides of the recipient pipes 
which cause the deflection. This local augmentation of 
pressure, weing antetes in one direction by the retardation 
it,imposes on the particles which are approaching it from 
behind, satisfies itself in the other direction, a acting as 
a definite force, urging forward the flow of the streams, 
and maintaining their speed in spite of frictional resistance ; 
and thus constitutes what has been termed the potential. 

To give a maximum effectiveness to these dynamic opera- 
tions, and to aid in calculating their nature, let us sup 
the ends or mouths of the recipient pipes to be bent or 
canted so that their direction shall be coincident with that 
of the streams which impinge on them,* to be altered in 


a = 
M4, Fis. 
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a 
fact from the arrangement represented in Fig: 1, to that 
given on a magnified scale in Fig. 3, in which the same 
reference letters are given, and a C represents as before 
the compound direction of the outflowing streams with 
their augmented speed. Here the bending or canting of 
the recipient pipes along the line A’ B’, so as to coincide in 
direction with a C, reduces their sectional area in i 
such a manner as to make it fit that of the high 
streams they are receiving; and the reduction of speed, 
and increase of pressure, and of direction, occur at 
the inner end of the bent portion w the pipe resumes its 
established direction and area, that is say they occur 
wholly within each pipe as a single structure, and in such 
a manner as not to produce any reflex effect on the pipes 
from which they issued. 

If the flow through the pipes were frictionless, the 
augmented speed of stream would, on stream. line - 
ciples, be maintained throughout each pipe to the point of 
outlet at the outlet end of > homie ircle, were the outlet 
free; or, since the s so forms a continuous 
circuit so that the outlet is im fact not free, there w 








become such that the frictional resistance of the flow has 
grown to an — the potential, whatever the 
measure of that may be. 

The problem then, reduced to its essential features, may 
be stated as follows. A stream with the », (in feet 
per second) which co: mds with what I have termed 
the augmented speed, and under zero pressure or atmo- 
(Fig. 4), with a 


spheric pressure, enters the bent pipe a 





definite direction, and completely filling the pipe entrance 
i ods mpening On 2 ment between a a! and ¢ ¢! 
it assumes the uced Vo which with 
what I have termed the established speed and which is less 
than 1 in the inverse ratio of the pipe areas at the two 
ponies s and flowing with ola friction speed h 
e enlarged pipe experien resistance 
its flow, it issues at b b', in a direction different from that 
in which it entered, and having in assumed the atmo- 
ey pressure. The questions to be answered are (1) 
+ external or a ape force does the stream exert on 
the pipe? and (2) Into what internal force tending to over- 
come the friction of flow, is the suppressed spéed, v,—vo, 
transmuted? The two branches of the question may be 
answered independently. 
ve It will ween Ae — >, Reape to sone the 
iaphragm dion on this principle a region of recep- 
tion ; for there is reason to think that for want of this 
arrangement a certain amount of stream ioe cooay will, 
in the act of transference, be degraded into fricti eddy. 
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1. As regards the external or displacing force, each end 
of the stream will exert an a iate push on the pipe ; 
that at the entrance ‘‘ directly” or forwards, that at the 
outlet ‘‘ inversely’ or 7 reaction, backwards, that is to 

in the axial lines of the initial and terminal flow re- 
spectively, with a force the equivalent of the momentum 
second received by the pipe at the entrance, and de- 
ao by it at the outlet; in other words ~ the 
weight (in pounds) of water passing per second (the same 
of o att the points of the inlet and of the discharge), 


the respective equivalent forces are * and “| the 
total displacing force experienced by the pipe being, in 
t alike of magnitude and direction, the resultant of 
the two forces. The expression here given for each force 
is exactly equivalent to another well known measure of the 
force embodied in the impulse or the reaction of a jet or 
stream, namely, the pressure of a column of the fluid, the 
height of which is that due to the speed, acting on twice 
the area of the aperture. . 
2. As regards the internal propulsive force or the 
“ potential” which maintains the speed of flow in spite of 
friction, it is well known that if the pressure of the 
water per unit area, be zero at the point of greatest con- 


traction and of highest —_ say 0, and that, if P, be the 
pressure due to or whic mand | te a flow of that 
8 , then where the stream has e enlarged so that 


its speed is reduced to zero, the water will have assumed 


the P, ; if, however, the enlargement be only such 
that the spect is reduced (not to zero but) to vo, the 
pressure will have increased (not to P; but) to a pressure 


(say P,) which falls short of P, by the pressure due to, or 
that which is required to produce, the reduced speed vo, and 


which bears to P, the ratio of vo to v,*, in fact=P, ve 80 
1 


that Po=P, ( 1-24 ) Now as the water will have 
1 


resumed the zero pressure on reaching the outlet, the 
potential is the pressure Po acting on the whole sectional 
area of the pipe as enlarged (say) from a; to ao; and if we 


call it F we have F=P) ao=P, (1—“*” Jao. 


% 

The two results here arrived at are readily applicable to 
the conditions of flow which exist in the pipe into which 
we have assumed the vortices to be subdivided, and they 
thus supply an elementary measure of the force exerted by 
the turbine on the casing ; and they would furnish a com- 
plete or integral measure of the whole force, if we could 
assign truly the law of the friction, to which each of the 
imaginary streams is in fact subject ; indeed, if each of the 
streams were enclosed in an actual pipe we could approxi- 
mately assign such a law; but the multiplication of 
surface would involve, on the whole,|an inadmissible 
amount of friction, and under the real circumstances of 
the flow, the mutual friction of the streams against each 
other is so complicated by their becoming intermixed by 
eddies, that a complete solution is probably unattainable. 

A provisional solution is, however, attainable, in relation 
to any given layer of streams at a given distance from the 
vortex-centre (say for the outermost layer), by assigning an 
arbitrary value to the friction, assuming it, however, 
to be approximately as the square of the of flow. 

The metrical features of Figs. 2 and 3, which reappear 
more clearly in Fig. 5, are ily translatable into the 


Fig. 5. 








algebraical symbols ouaieret. The line bc represents v», 
or the speed of the established flow, a c represents v, or the 
augmented speed, and ab represents the speed of the tur- 
bine, say, V. Call the angle bcd=aeand acd=a,. It 
has already been pointed out that the additional slant 
(a — @) given to the mouths of the pi to meet the 
inflow of the stream with the engmanted speed, has the 
effect of narrowing the passage so as to give it a sectional 
area corresponding with thespeed. Taking the case of any 
single pipe in the ve under these conditions, in the first 
place the weight of flow per time-unit, whether with the 
established or with the augmented speed, is precisely the 
same; so that if we call this W, and if w be the weight of 
one unit volume of water, and a,, a te séctional areas of 
the passages corresponding with v"aud vo respectively, we 
have W=w ve ao=w v, a,. Hence the nomentum per unit 
of the stream entering with the speed v,=W v,, that of 
the outflowing stream with the speed ve=W wv; and the 
sum of the forces due to the maintenance of their momenta, 
taking only their components in the line of motion of the 
turbine are : 


® =W (v sin. +» sin, a») 


nt (V+2 v, sin. a) 


since 1; sin. 2;=V+v, sin. a . - . " — 

is the potential or force available for accelera- 
tion in the first instance, and for overcoming the fluid fric- 
ee at when this is attained, we have 
already seen that its value is 





Xo 


F=P\(1 wwe wo 
But P, is the fluid pressure per unit area due to fluid speed 
v, or is that due to a head (h), such that h= os and 


since W @o to=W, 


rea _ Xe a= (v,2 =?) 
29 v2 29% ~ 
but as is seen by referring to Fig. 5, 


VA=0,°+V2+2 vo V sin. Bo 


so that r=, (V2+2v, V sin. ao) (2) 
o 
Now F is repeated twice in each complete circuit round 
the channel, once at the passage from the turbine pipe to 
the casing pipe, once vice versd. So that for the complete 
potential due to the circuit we may put 


P= WV (vate, Vain.ao « (2a) 
7 Yo , 

These two quire at once establish a coherence and 
consistency in the solution as follows. The whole ‘ work 
or energy employed in driving the turbine must, as we 
have seen, go either into the acceleration of the streams 
before the steady flow is established, coupled with the work 
of friction due to the existing flow ; or ultimately into fluid 
friction simply : in either case, the ‘‘ work’’ done by 
the potential in acceleration and friction should equal the 
‘* work”’ done in driving the turbine, and the comparison 
is now easily made. : 

Calling the work in driving the turbine Ug we have 


Up=0 V = (v242V 0, sin. @,). 
Calling the work done he the potential Uy we have 
Ur=F’ vow (V2+2V vo sin. %>). 
The two values are, as they ought to be, identical. 
But further, by assuming a coefficient of fluid friction, of 
the form, friction=f v*, we can establish the relation 
which will subsist between V and v, when the friction has 


become equal to the potential. 
In this case we shall have, 


fv°=F'= Ld 


——{¥948 V vp sin. Go), 
The solution of which is, : 
= = NC oF 4. sin. *tto) — sin. &. 
Vp W Ao 


so that in any given pipe Vv is constant. 





(3) 


From this it follows that if each of the imaginary pipes 
had real sides by which the friction , ee we could 
define the speed of flow at the various distances from the 
vortex centre. For suppose the girth of each pipe to be 
the same, say, k ; then its length would be at its distance 
(r) from the vortex centre, say, =2 7 r, and we could sub- 
stitute for fvy?, f’ kx2mrvyo?, f’ being the coefficient of 
friction per unit area at unit speed. 

This assumption would make 

/ 
Van(A2 ‘who? , sins Qo )-sin. Qs 
Vo W Ao 

so that under these circumstances (the pipes being real 
pipes) the speed in each pipe would be an inverse function 
of its distance from the vortex centre. In point of fact the 
introduction of so much inte skin friction as the reality 
of the pipe skins involves, would, on the whole, create 
great retardation ; and since the exterior layers of each 
vortex are exposed to friction both on the circumference of 
the channel and against the diaphragms, whereas the friction 
of the interior streams is due to the diaphragms alone, it is 
probable that the ultimate arrangement of the internal 
speed will possess some analogy with that belonging to the 
true vortex, in which the pao of each stream line is in- 
versely as its distance from the vortex centre. 

Whatever law is assigned to the action of the friction, 
the equation for v admits of being shaped accordingly, 

Vo 

and by introducing the value thus determined, into equa- 
tion(1) we could frame a differential equation for the 
total force-moment of the machine in terms of V. 
And the equation if not integrable by regular methods 
would in any given case admit of graphic integration. But 
as a step towards this completion of the theory, careful ex- 
periment is still needed. 








HAWKINS’S WORM GEARING. 

Tue object of this ingenious mechanical device is to 
transmit motion by means of screw or worm gearing, either 
by a screw, in which the threads are of equal diameter 
throughout its length, or by a —_ worm, in which the 
} eee are not of equal diameter throughout, but increase in 
diameter each — rom the centre of its length, or about the 
centre of its > outwardly. Parallel screws are most ap- 

lieable to this device when rectilinear motions are produced 
rom circular motions of the driver, and spiral worms are 
applied when a circular motion is given by the driver, and 
imparted to the driven wheel. The threads of aspiral worm 
instead of gearing into teeth like those of an ordinary 
worm-wheel, actuate a series of rollers turning upon studs, 
which studs are attached to a wheel whose axis is not 
parallel to that of the worm, but placed at a suitable in- 

ination thereto. When motion is given to the worm then 


rotation is laced in the roller wheel at a rate pro- 
portionable to the pitch of worm and diameter of wheel re- 
spectively. 


In the arrangement for transmitting rectilinear motion 
from a screw, rollers may be employed whose axes are in- 
clined to the axis of the driving screw, or else at right 
angles to or el to the same. When separate ro 
are employed with inclined axes or axes at right angles 


with that of the main driving screw each thread in gear 
touches a roller at one only; but when rollers are 
employed with axes to that of the driving screw a 
succession of ves are turned in these rollers, into which 
the threads of the driving screw will be in gear throughout 
the entire length of the roller. These ves may be 

te and apart from each other, or else form a screw 
whose pitch is equal to that of the driving screw or some 
multiple thereof. 











The annexed engraving shows an arrangement for trans- 
mitting circular motion in either direction. It is a plan in 
which the spiral worm is made of such a length that the 
edge of one roller does not cease contact until the edge of the 
next comes into contact ; a wheel carries four rollers which 
turn on studs, the latter being secured by cottars; the axis 
of the worm is at right angles with that of the wheel. The 
edges of the rollers come near together, leaving sufficient 
space for the thread of the worm to fit between any two 
contiguous rollers. The pitch line of the screw t 
forms an arc of a circle, whose centre coincides with that 
of the wheel, therefore the thread will always bear fairl 
against the rollers and maintain rolling contact therewit 
during the whole of the time each roller is in gear, and 
by Aes the screw in either direction the wheel will 
rotate. 








FOREIGN AND COLONIAL NOTES. 
Steamers for the Central Pacific._—The Central Pacific 
Railroad Company has eleven steamers employed in its 
ferry service between San Francisco and d. 


Belgian Boats for Russia.—The John Cockerill Company 
has sold some boats built of steel plates to Russia. The 
plates are forwarded by railway onl are put together again 
when they reach their destination ; a fortnight suffices for 
their conveyance from Seraing to the Danube. 


The French Coal Trade.—Prices in the French coal 
trade have been supported with firmness, but they have 
not experienced any advance. In the Nord and the Pas- 
de-Calais stocks are being somewhat reduced. 


Locomotive Building in Maine.—Work at the Portland 
Locomotive Works in the State of Maine is now much 
more active than it was a year since, the number of men 
employed having risen to 300, as compared with 70 in 
October, 1876. Gauge changing has been giving the works 
a certain amount of employment. 


American Machinery Exports.—Messrs. ©. W. Ervien 
and Co., of Philadelphia, have shipped a small vertical 
engine to the Sandwich Islands. Messrs. Lovegrove and 
Co., of Philadelphia, _have six orders on hand for engines 
and boilers to shipped to various cities in Germany. 
Messrs. Hill, Clarke, and Co., of Boston, have shipped 
several steam engines to Germany. 


Steel Rails in the United States.—The cost of producin 
steel rails in the United States has been materially soieaed 
within the past few months, but prices have also declined 
to about the same extent, and there appears to be a deter- 
mination to make a stand at present quotations. It is esti- 
mated that at least 60,000 tons of steel rails’will have to be 
purchased upon the American markets within the next 
60 days ; this, in connexion with other contracts on hand, 
will keep the mills employed for some time. 


Western of France Railway.—The Western of France 
Railway opened on Monday a section from Conflans- 
Andrésy to Pontoise. This section completes the direct 
line from Paris (St. Lazare) to Dieppe. 


_ American Street Locomotives.—Baldwin-street locomo- 
tives have been introduced on a street railway in San Fran- 
cisco, which had been unused for two years on account of 
its steep gradients, and the great cost of running cars 
over it by horse power. The locomotives are noiseless, and 
are stated to give considerable satisfaction. 


Belgiwm and the War.—The John Cockerill Company 
has been building thirty iron pontoons for bridges of boats. 
The order was given by the Gover t, which 
has also ord 95,000 rifles at Liége. 


Belgian Railway Material.—M. Boucqueau, of La 
Louviére, has taken a contract for the supply of 75 tons of 
fishplates to the Belgian State Railways at 51. 6s. per ton. 
The fishplates are to be delivered without bolts, and pay 
ment is to be made not in cash but in old materials. 








Satrorp.—The Town Council of Salford have ap 
Mr. Arthur Jacob, M.I.C.E., to the vacant 
borough engineer. Mr. Jacob has for some years acted as 


inted 
of 





engineer to the corporation of Barrow-in-Furness, 
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ELECTRIC ILLUMINATION. 
(Concluded from page 333.) 

Some experiments were made this day, for the purpose of 
determining the loss of light incurred with each machine, 
viz., the Holmes, Gramme, and Siemens, in transmitting 
the current from the machine in the engine-room to the 
electric lamp in each lantern, a distance of 694 ft. for the 
High Lighthouse, and 592ft. for the Low Lighthouse. 
There are laid down for the service three insulated conduct- 
ing cables, two small for a single Holmes machine, each 
consisting of seven copper wires, No. 14 Birmingham wire 
gauge, and one large for use with two machines, consisting 
of 19 copper wires, No. 16 Birmingham wire gauge. For 
the experiments it was necessary to couple the two small 


cleaning the commutators, and found to be as follows, 
viz.: 


Condensed 
Beam. 

Candles. 
No. 58 machine 5611 
No. 68 oo 7044 


= a ua oss 
It would appear from these measurements that the 
efficiency of the machines had not been impaired by the 
night's working. , 
vi ie arrangements for continuing the trials b; 
night (left-hand Gramme and No. 68 Siemens), I return 
to town in the evening. 


It will be observed from the accompanying reports of the 
engineer in charge, that from this date to the 15th, the left- 


cables together, so as to send the current from the machine | hand 


in the engine-room through both lighthouses to the lamp in 
the engine-room, the length of the conducting cable being 


thus about 1286 ft. The loss of light in each case was 
found to be as follows, viz. : 
Per cent. 
Holmes machine 29.8 
Gramme _,, 58.6 


Siemens ,, “a ‘ai sah ae 80.4 
The proportionate loss for the “~— Lighthouse, taking 
it in the ratio of the length of the cable, or as 1286 to 684, 
is therefore nearly as follows, viz. : 


Per cent. 
Holmes machine 16.1 
Gramme _,, os ¥ a 31.3 
Siemens ,, No.58 .... ae ar 43.4 
For the Low Lighthouse the proportionate loss, taken in 


the ratio of the length of cable, or as 1296 to 592, is nearly 
as follows, viz. : 


Per cent. 
Holmes machine 13.7 
Gramme _,, 27.0 


Siemens _,, No. 58 w. nn sal 37.0 
The above experiments were ted with the Gramme 
machine, and the large conducting cable, the two small 
cables being coupled together as one, thus making two 
large cables 1286 ft. in length. The loss of light with this 
elle one found to be 46.3 per cent., being 12.3 per cent. 
less than with the small cable. In the evening I returned 


I would here remark that the Holmes machines were 
specially constructed for this rather unusual case of the 
lights being required at the respective distances of 694 ft. 
and 592 ft. from the machines. I have been informed by 
Messrs. Siemens that for any given case of a similar nature 
they would have no difficulty in modifying the resistance of 
their machine so as to give a more satisfactory result. 

During the nights of the 2nd, 3rd, and 5th, the Gramme 
machines were worked, but there was considerable difficulty 
with the Siemens machine, in consequence of the commu- 
tator plates and brushes being nearly wornout. The trials 
were, therefore, discontinued until a further supply of these 
were delivered by Messrs. Siemens Brothers. 

On the 5th of March, Mr. Ayres met at the South Fore- 
land Mr. Ebel, who had put the two small Siemens machines, 
Nos. 58 and 68, in good working order, when the two ma- 
chines were tried, working singly, and also together in 
— circuit. On the following morning I visited the 

oreland, when the intensity of the light er by the 
two machines was measured when working singly and 
combined. The intensities were found to be as follow, 


viz. : 
No. 58 Siemens machine ... 4,446 
No. 68 js a aie 6,563 
For the two machines is 11,009 
Nos. 58 and 68 coupled together ... 13,179 


There was thus shown to be a superiority in the intensity 
of the light produced by the two machines coupled together 
over that produced by the two machines when working 
singly, as 11,009 to 13,179, or as 100 to 119.7, being 19.7 per 
cent. more light with the two machines coupled together. 

: riments were also made for determining the relative 
intensities of the diffused beam of light with the axis of the 
carbons in the same vertical line, and of the condensed 
beam of light with the axis of the bottom carbon nearly in 
the same vertical plane as the front edge of the top carbon ; 
also the intensities of the side and rear light. With the 
latter arrangement of the carbons, the intensities were as 
follow, viz. : 
Siemens Machine, No. 68. 
Intensity 
Standard 
in Candles. 
1. Carbons with axis in same vertical line 2021 
2. Axis of bottom carbon in same vertical 
— as front edge of top carbon. 
mt beam ... wf eos re 5804 
3. Same arrangement of carbons. Side 
beam, 90 in. from No.2. ... ” 2346 
4. Same arrangement of carbons. Back 
beam, 180 in. from No. 2. ... ove 772 

Arrangements were made for running the two Siemens 
machines during the night, the lamp of the No. 58 machine 
being placed in the lantern of the Low Lighthouse, and the 
lamp of the No. 68 machine in lantern of the High Light- 
house. Mr. Ebel, the assistant of Messrs. Siemens, having 
requested to be allowed to remain in the engine-room to 
witness the performance of the two machines for the night, 
I gave him permission. 

_ March 7th.—On visiting the South Foreland this morn- 
ing, I found that both machines had worked 
the night, alt! ough flashing occurred i 
commutators. examining the commutator of each 
machine, I found them both in fair order, but somewhat 
burnt and dirty, with an accumulation of burnt oil mixed 
with small particles of the un-metal. The intensity of the 

by each mac was measured by me before 





nd Gramme machine worked fairly with occasional flash- 

ing at the commutators. 
rom the 15th to 17th its ormance was unsatis- 
factory; the commutators could not be prevented from 
flashing, and on the morning of the 18th the light was out 
for five minutes, when the right-hand machine had to be 


started. 

On the night of the 18th, the left-hand machine was 

again tried, but the commutators flashed so badly that the 

ight-hand machine had to be substituted at 8.40. 
"Seem this date the right-hand machine worked fairly 
until the 2nd April, when it was with difficulty run 
throughout the night, the commutators being both much 
worn and requiring repair. The left-hand machine being 
in the same state, the further trial of these machines was 
discontinued. 

The No. 68 Siemens machine worked well from the 
7th March to the 7th April without any necessity for a 
stoppage. On the 11th March the commutator plates an 
brushes were adjusted; on the 19th the brushes were 
renewed; on the 28th the commutator plates and brushes 
were again adjusted ; and on the 6th April, the commutator 
plates and brushes were renewed. 

At the termination of the trial on the 7th April, the 
Siemens machines were both in good working order. 

The statement appended to this report (see page 303 ante) 
shows the cost, dimensions, weight, number of revolutions, 
horse power absorbed, and light produced by the several ma- 
chines under trial. It will be observed that, in the order 
of merit, the Siemens small size machine, No. 68, stands 
first. 

This machine is found to produce more than twice the 
quantity of light per horse power than either the Holmes 
or Alliance machines, and about 65 per cent. more light 

r horse power than the Gramme machine. It has the 

urther merit of being very much lower in price, and much 
less in-its dimensions and weight than either of the other 
machines. 

It is found that a considerable ai off has occurred in 
the intensity of the light produced by the Holmes and 
Alliance machines since they were fixed at the South Fore- 
land in 1872, owing to the loss of magnetism that has 
occurred in their steel ets. This loss in etism is 
found to nearly with the loss in the intensity of the 
light, and is found to be about 22 per cent. in the Holmes 
machine, and about 10 per cent. in the Alliance machine. 

With the Gramme and Siemens dynamo-electric ma- 
chines no such falling off in their power can occur. 

On the 17th inst., I again visited the South Foreland, 
accompanied by Mr. Ayres, and made an examination of 
the Gramme and Siemens machines. I found both commu- 
tators of each of the Gramme machines very much worn, 
especially the one next the driving pulley. The coils of both 
machines bore the ap) ce of having been considerably 
heated. In the state I found the machines I did not consider 
it safe to work them any more until they had received some 
overhaul and repair. The two machines of Messrs. Siemens 
were found to be in very good order. 

Messrs. Siemens nore, submitted for trial with their 
machines a conducting cable of larger dimensions than the 
South Foreland cables, and of the length required between 
the engine-room and the High Lighthouse, I made some 
experiments with it in connexion with each machine. The 
cable I found to be 1400 ft. in length, and com: of 19 
co} wires of No. 16 B.W. gauge well insulated. The 
pos + plies cut into two equal lengths of 700ft. each, and 
arranged in two coils in the engine-room. The currents 
from the Nos. 58 and 68 Siemens machines — and 
collectively were sent through it to the electric lamp, which 
was also placed in the engine-room, and at a ce of 
100 ft. from the six-wick oil test lamp.- The short cur- 
rent to the lamp was made through 22 ft. of the small 
cable of Messrs. Siemens, composed of seven copper wires of 
No. 138 B. W. gauge. The loss of light with machines 
was found to be as follows, viz. : 


Per Cent. of the 
whole Light. 
No. 58 machine on vee 
— ee a as 23 
Nos. 58 and 68 coupled ot 35 


The experiment made on the 2nd typ m | with. the 
Siemens machine No. 58, showed a loss of light of about 
43.8 cent. with the current sent through 700 ft. of the 
small lighthouse conducting cable. There would therefore 
appear to be a reduction in this loss of 43.8 less 24=19.8 
per cent., by adopting the larger cable. 

On the following day I tested in the same manner with 
the Siemens large cable, the Alliance machine, one Holmes, 
and two Holmes machines. The loss of light in each case 
was found to be as follows, viz: Fe 

er 


Alliance machine ... 
One Holmes machine 
Two ” 


It would therefore 


cent. 
1 


1 
Ape od » 76.5 
that this cable is not so well 
machines as with the Siemens 


&8 


” 





adapted for use with 
machine. 


These results would probably have been some- 





35! 
what different had the conducting cables been stretched 
out in two straight lines; but, as time did not | serge a 
this, I propose repeating the experiment on the con- 
venient opportunity. 

In the evening I es pees to the instructions 
of the Board, to Boe! a. a inspecting the 
e machi constructed by Messrs. Sautter, Le- 
monnier, and Co., and on the following day I visited their 
works. I saw several Gramme machines in construction, 
and witnessed the ormance of one machine which was 
stated to be absorbing 24 horse power at a speed of 850 
revolutions per minute. A Serrin lamp, fitted with # in. 
square carbons, was used with the ine, and the con- 
densed beam of light was stated to be 2500 to 3000 candles. 
The machine was comparatively smaller and more compact 
in form than the Gramme machines at the South Foreland, 
and has only one commutator. The price delivered in 
Paris was stated to be 1001. I was informed by Messrs. 
Sautter and Co. that two of these machines cannot be 
worked together in parallel circuit, as accomplished with 
the Gramme and Siemens machines at the South Foreland. 
T was also informed by Messrs. Sautter and Co. that they 
have sold a large number of these machines for the illumi- 
nation of factories, which are stated to give very great 
sati ion, and are found to be more economical for this 
ame than illumination by gas. Gramme 
machine referred to in the letter of Messrs. Sautter and Co., 
dated 13th November last, which was stated to have given 
@ maximum light of 50,000 candles, with an expenditure of 
13 horse power, had been sold, but I was shown a machine 
of the same dimensions in course of construction, which 
was expected to be ready for trial on the following day. I 
therefore to witness on the following eve’ a 


ed 
d | trial of hp meniie and the illumination of the factory 


electricity. On calling at the works of Messrs. Sautter an 
Co., the following evening, it was found that the large 
Gramme machine could not be satisfactorily worked, but 
the performance of the three small machines and lamps for 
illuminating the factory was very satisfactory. The s 
illuminated was about 50 yards square and about 30 ft. 
high. The three electric lamps were suspended at about 
20 ft. above the floor, and the general illumination of the 
space for the service of the workmen a) to be, prac- 
tically, equal to broad daylight. I was i ly strnck 
with the absence of any dark spaces, shadowed spaces 
being ney illuminated b; reflected light from the 
walls and floor of the building. Messrs. Sautter suggest, 
for lighthouse illumination, one of their Gramme mac 

of an intermediate size between their factory machine and 
their large size machine, to work at a s of 250 revolu- 
tions per minute, and absorbing about 5 horse power, and 
producing a light of about 12,000 to 15,000 candles in 
ordinary states of the atmosphere, but to work at a speed 
of 500 revolutions, with an expenditure of about 8 horse 
power, and producing a light of about 20,000 to 25,000 
candles during thick or f weather. The price of this 
machine delivered at Paris they state at '240/. 
inspection of the Gramme machines of Messrs. Sautter 

Co., and - ae I nye Fy wa able to obtain 
respecting them, I am of opinion that they are not superior- 
in efficiency to the Siemens ines, while they are more 
complicated in construction, and their cost is higher. I 
would therefore recommend, vided it meets with the 
concurrence of Dr. Tyndall, that the Siemens machine, of 
the size now under trial at the South Foreland, be adopted 
for the Lizard. 

I have much pleasure in stating that throughout the 
trials that have been conducted at the South Foreland, 
very able and willing assistance has been rendered by 
Mr. sca the engineer, and the assistants of the establish- 
ment. 

I am, Sir, your most humble servant, 
Robin Allen, Esq. Jas. N. Dovauass. 








CANADIAN Rarttways.—The North Shore Railway, in- 
tended to connect Montreal and Quebec, vid the North 
Shore of the St. Lawrence, is nearly completed from Quebec 
to a point about opposite Serrel. The survey of the White- 
haven Railway in Breton is to be this 
month ; work is e to be begun upon the line in 1878. 
Work is actively progressing on the extension of the New 
Brunswick ilway from Andover, New Brunswick, to- 
Grand Falls, on the St. John River, and the section is to be 
completed this season. further extension from Grand 
Falls to Little Falls has been put under contract and is to 
be finished next year. 


A Large Contract.—The United States Polytechnic 
Review states that the largest — contract ever taken 
in America from a foreign nation is the 17,000,000 dols. 
one given to the Providence Tool Company by the Turkish 
Government. The Tool Company were three years in pre- 
paring to begin the work upon the contract, and now 
ee who turn out 200,000 guns ear, Or 

finished guns ina day. These guns are the Martini. 
Henry rifles. One of the side businesses . a 
which have grown principally out of this con’ is that 
hp Ro mete banes tea vert Tool Conon > 
, xes per or the Too i 
in which to ship their guns to Furkey. Each box is tanks 
to hold 20 of gans, and with such accuracy are 
pieces for the interior of the boxes (made, that 
f allow a tag of even baile, fest of Su See of Shs 
scathig te tho qrcores. Be other goteadien nena 
in grooves. No precaution is n or 
used in ing the guns for ey! to Turkey. 
machinery for the manufacture of these boxes was e 


The 
by an invention for the . The co ve still 
two yours in which to eon the umber of these boxes 

w , also, the 
contract 





m2) 
that they contracted to make ; hich time, 
Tool Com will have com: their immense 
with the Government. 
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METAL 
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STEEL CASTINGS — Continued. s. 


Side cranks, cross heads, 
crane wheels, engine 
slides, &c. 

Tumbler bars and other 
castings for dredging 
PUFPOBOS: .,, ..0.cerrereeree 

Swepise [eon (F.o.b.) at 
Gottenburg — 


oe eee eeeeeeresceeeenoes 


Bar ‘Tolled. see es segnaeeneeenees 








Tix oer ton) — 
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Engin ingots uae 
lish bars...... ceva 
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COALS AND COKE. 
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Coxz— 
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OILS, GREASE, wing yy-yae! 


OILs (per BOD) rerscersereerseres 
Beal, DEOWD ....cescseee-evees 
20 BONO ccccccccccecccecceces 
— OAM .....6.006 
hale, pale....... 
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I 
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TIMBER, DEALS, &e. 


LONDON, 
(Per meee te | standard) £ 5s. 
Archange! 


ist yellow...... 19 © 
2nd 4p sees 14 
Petersburg ececece.ecsesecese 1§ 0 
Wy Dare .00..0c00-ss0r000- 13 0 


Petersburg & Riga white g 10 
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pyr deals, other 
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PRICH LIST OF MATERIALS. 





Tuurspay, Nov. 1, 1877. 


£a.4 


Pitch pine planks ....0... 0 = 
United States oak logs ... o 1 
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Charge for labour 2s. per standard for deals, 
andls. 6d. per load for timber. 
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HYDRAULIC MINING IN CALIFORNIA. 
By T. Eaxeston, Ph. D. 

Tue gold-bearing deposits of California are found 
chiefly on the western slope of the Sierra Nevada 
Mountains. It was here that placer mining com- 
menced, out of which the system of hydraulic mining, 
as it is now known, grew; and here that it is carried 
on, on such a large scale, that in the future it will pro- 
bably be the greatest commercial problem with which 
the State of California has to deal, It threatens 
even now to become an important political question 
between the agriculturist and the miner. The 
deposits of gold occur generally in basins or 
channels which correspond to ancient lake or river 
beds, whose courses usually run nearly at right 
angles to the present rivers. They sre now so com- 
pletely covered by recent accumulations, or cut 
across by modern valleys of erosion, that without 
exploration one would hardly recognise that there 
had ever been any water channels in that direction, 
but the maps of the gold workings show the courses 
of these rivers very distinctly. In some cases, after 
the gold-bearing material had been deposited, it was 
covered by eruptions of volcanic material, such as 





SS 


NES Section of the] Hydraulic workangs at 


basalt, lava, or ashes, to a great depth. Fig. 1 
shows a section where ancient diorites and trachytes 
have been covered by the auriferous deposit, and 
themselves covered by basalt. Fig. 2 shows a section 
of the Maine Bay tunnel, given by the Geological 
Survey of California, where the bed of basalt is 
140 ft. in thickness. 

The gold deposits are all called gravels, and are 
made up of every kind of material which could be 
transported by water. They differ both in the size 
and compactness of their component parts, and they 
owe their gold evidently to the wearing away of 
quartz veins, the detritus of which forms the deposit. 
. These channels of deposition were all comprised 
within certain circumscribed limits which were 
in former ages very distinct, but which have now in 
many cases been worn away to such an extent that 
all that is left of the bank of the former stream or 
lake is sometimes 100 ft. or 150 ft. below the level 
of the bottom of the ancient deposit, so that what was 
previously lower than the surrounding country, now 
makes high table lands with deep ravines on each 
side, Figs. 3 and 4. Cases are known where there is 
a distance of over twenty miles between two such 
tablelands, which at the time of their formation 
were one continuous deposit. 

The ages of the accumulations are generally 
tertiary or later, and the deposits may be said to be 
characterised by a very considerable quantity of 
fossil wood, which has been more or less trans- 
formed into lignite, and which, on exposure to the 
air, generally falls to pieces. All of these ancient 
river deposits are called placers, and are dis- 
tinguished as “shallow” and ‘‘ deep” according to 
their thickness. The shallow placers vary from ] in. 
or 2in. to 5 ft. or 10ft. in depth. These are 
| wenger worked By hand or with small sluices, 
Deep placers vary from one to several hundred feet 
in depth. They cover large areas of ground and 
are generally inclosed in pa oS the outer edge of 
which, being of rock, is sometimes called the rim 
rock, and sometimes the channel wall. In the 
early days of mining in California the existence of 











deep placers was not suspected, and consequent} 

only the shallow placers were worked, po | when 
they began to give out, quartz or vein mining 
seemed to be the only source of gold supply. But 
little by little it was discovered that gold was not 
confined to rich pay dirt alone, but continued in 
depth in variable quantities, so that when the top dirt 
of the rich surface deposits had been worked off b 

hand there still remained below material, whic 

though it gave “‘ pay” all the way to the bed rock, 
was too poor to be worked by hand labour alone. 
Water was then brought from short distances to 
loosen up the pay dirt, and thus in the spring of 
1852, on a claim called Yankee Jim, in Placer 
County, California, hydraulic mining originated ; 
but the name of the inventor has been entirely lost, 
Finding that he was not sufficiently remunerated 
by the ordinary method of extraction, he constructed 
a small ditch on the side of a hill from which he 
built a flume to the place where he was working. 
The point where this terminated was 40 ft. above 
the ground. The water was here discharged into a 
common barrel, from the bottom of which a hose 
made of cowhide 6 in. in diameter and ending in a 
tin tube 4 ft. long, tapering to a lin. nozzle, was 














attached. From this exceedingly simple beginning 
the present method of hydraulic mining grew. The 
cowhide was very soon a by canvas, and 
finally by iron pipe, though canvas is still used to 
some extent in those districts to which sheet iron 
cannot easily be transported. 

The deep placer deposits which contain the 
precious metals vary very greatly in depth, some- 
times being a few feet, and at others 600 ft. to 
700 ft., and also in width, sometimes being only a 
few hundred and — thousands rj feet —. 
They also vary very much in quantity of pay, being 
usually richer towards the bed rock. Itis generally 
true that what are called the top gravels alone of 
deep placers, will not pay for any very large ex- 

nditure. They not only contain less gold, but it 
is ina much finer condition, and not easily collected, 
Thus, at Smartsville, the top gravel yielded ea § 
0.02 dols. per cubic yard, and could not be washed, 
while the ‘‘ bottom” yielded 0.55 dols. The nearer 
the bed rock, as a general thing, the richer the yield 
in gold. The best pay is usually found from within 

0 ft. to 20 ft. of the bed rock, but sometimes comes 
as close as 8 ft., and below its level no gold is gene- 
rally found, though it very often happens that wher- 
ever the deposit is formed gver strata which are in- 
clined, the gold will penetrate it more or less, in 
which case it may pay to enter the bed rock 1 ft. or 
2 ft. It is, therefore, essential in the commence- 
ment of hydraulic mining that the ground should be 
tested from the top gravel to the bed rock. As it is 
not at all uncommon to find that when the top 
gravel will not yield more than from] to 2 cents 
per cubic yard, the bottom will give 50 cents to 
1 dol. or more, and as the whole sit, which is 
often very thick, must be worked, sheet-iron pipe 
34 ft, in diameter is now used to bring the water, 
and has completely replaced the cowhide with 
the exceedingly simple a) tus of the early days, 
Canvas pipe is only on very claims 
or where the owners cannot command sufficient 
capital to set up the regular “outfit.” The inch 
discharge pipe been replaced by a 9-in, nozzle 


discharging unjer a pressure of 200 ft. to 300 ft. 
The alterations of the surface have so disguised 
the country that no idea of its former to 

can be gained without actual exploration, For this 
reason preliminiry topographical surveys must 
always be made before starting a claim. As the 
cost of opening such a mine may be counted by tens 
of thousands of dollars, it will be n to 
ascertain first that the ground is rich enough to 
warrant ane: next that a dump large enough 
to contain all the tailings can be found; and, y; 
that the claim is extensive enough to last a time 
sufficient to insure the repayment of all the capital 
invested. Prelimi shafts must be sunk to ascer- 
tain the depth of the deposit and the nature of the 
bed rock, which must be found and explored, and 
the value of the top, middle, and bottom gravel 
must be learned, It not unfrequently happens that 
it becomes absolutely nece to undertake ex- 
pensive constructions in the shape of tunnels and 
sluices which will go through the hills under the 
bed rock, and allow of a discharge at a lower level 
than the bed rock of the claim, in order to get room 
both to treat the pay and to canny off the tailings. 
Upon the original location and the inclination of 
these tunnels and sluices the success of the enter- 
prise depends, other things being equal, more than 
upon the yield of gold. here failures have been 
made it is generally because these surveys had not 
been undertaken in sufficient detail and with suffi- 
cient exactness to secure the proper location of the 
P i works. The cost of opening a claim 
alone (not including any of the expenses for water) 
will often reach as high as 60,000 dols., 70,000 dols., 
80,000 dols., or even 100,000 dols., and there are 
instances recorded where the whole of the money 80 
expended has been totally lost by want of care in 
the location of the preliminary work. It is only 
when all these explorations, assays, and 

have been made that it will be advisable to locate 
a tunnel or sluice for carrying off all the water and 
detritus, and subjecting it to amalgamation before it 
is thrown upon the dump. 

The preliminary survey for locating a tunnel 
should include a reconnaissance of the surrounding . 
country, so as to find the lowest outlet of the re. 
gion. In selecting this point the grade of the 
tunnel should be fixed at 3 ft. to 4 ft. to the 100, 
and the depth of the starting point should be so 
arranged, that with this grade it will come out in 
the claim below the rim rock, on the opposite side 
from which it enters the basin, See Figs, 2 and 5, 

There are several conditions which are indis- 
pensable for working a hydraulic claim. Since the 
amount of gold contained in a cubic yard is ex. 
ceedingly small, it is absolutely n to have 
the least amount of labour, and the smallest expen- 
diture of money possible, consistent with economic 
management, ‘There must be a sufficient supply and 
head of water, not only to do the work — 
down the banks, but to carry off the material, 
and, most of all, there should be plenty of space for 
depositing the tailings. after they have passed the 
sluices. One of the special reasons why ———— 
mining failed so often in its early history, and finally 
fell into disrepute, was, either that no proper pe 
for carrying off the dirt had been devised, or from 
want of care the facilities for doing so had become 
obstructed. 

In order to justify the outlay, it is necessary that 
the work should be permanent ; and in estab. 

a mine of this character, dump provision sh 

always be made to carry off the tailings, not for 
months, but for years, in order that the capital in- 
vested may come back. As the supply of water is 
rarely sufficient to run any mine throughout the 
entire year, many of them will be closed for months 
together, and it will often be found that the spring 
rains have done for the company what it could not 
do for itself, that is, that the freshets have washed 
away the accumulation of tailings and carried 
them further down the stream. The accumulations 
of such immense quantities of detritus threaten to 
become a serious question between the farmers in 
the lowlands and the miners in the be ge es 
and has already almost assumed a political phase in 
California between the miner on the one hand and 


the agriculturist on the other, the wheat grower 

claiming ##t the miner is destroying the wealth of 

the State, while the latter claims that without the 
ivil of washing his dirt into the 


ege 
alifornia would no longer be either a gold or a 
seo state, and that the value of se Soaltersl 
is fore of very secondary im 





portance. 
The question then of working deep placers is not 
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so much a question of the yield of gold, as of con- 
stant water supply. To imsure this some of the 
most extensive constructions of modern times have 
been made by corporations calling themselves 
“ Ditch Companies,” who generally do not work the 
claims, but sell the water, as this is found to be the 
most profitable investment for capital. These com- 
panies were at first organised to work their own 
claims, and then for the sale of their surplus water, 
then solely for the sale of water to miners only ; 
but the water companies originally established to 
work gold mines, now furnish water for irrigation, 
and for supplying towns, as well as for mining. 
The recent ditch company takes into its calculations 
the sale of water for any and every purpose for 
which it can be used. The water is sold at so much 
the miner’sinch. This miner's inch is the quantity of 
water which will flow through a givenspace, Itisan 
arbitrary measure which was adopted in the early 
days of mining, and established by the law of each 
miner’s camp without reference to what had been 
done elsewhere. It consequently varies in different 
localities according to the size of the opening and 
the way the water is discharged, so that without 
knowing the locality it is impossible to state what 
the miner’s inch is. The definition‘of the inch most 
largely used is the amount of water discharged 
through an opening lin. square in a plank 2 in. 
thick with a pressure of 6in. above the opening, or 
7in, over its centre. The thickness of the plank 
through which the discharge is made is occasionally 
8in. The lower front end of this discharge is usually 
chamfered. 
The quantity of water which will flow from an 
gm lin. square will be 93lb. per minute. 
opening, however, is never made ] in. square, 
but is always longer or higher, which will neces- 
sarily increase the quantity of water which will 
issue from each square inch, Thus the quantity of 
water which is given by a single aaeee inch open- 
ing will be 93 lb. per minute, and from an opening 
lin. by 2 in. will be 19641b., and with one 1 in. by 
100 in. each inch will pass 1111b. Sometimes the 
ing is Qin. high. At North Bloomfield it is 
4b in, long and Qin. high, with a pressure of 9 in. 
above the opening. Each square inch will thus 
farnish 4252.5 cubic feet in twenty-four hours. At 
Eureka the opening is the same, 48in,i by 2in., 
with 6 in. pressure above the top of the opening; 80 
that each square inch will furnish 3240 cubic feet in 
twenty-four hours. At Smartsville the opening is 


4in, 

The Table below shows according to Mr. Bowie 
the variations in some of the imches and their 
supply. y 

Table showing some of the Variations of Miners’ Inches. 
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s. | Sao (ge 
Name of Mine. é 5. 5s at 
s ~ z Pod |ber*. 
%|% gom [eE 
. b> ° 
es | 8 Es Bek san 
in. | in. | im. |oub. %.| 0. ft. 
Smartsville oe I 9 1.76 2534.4 
Park Mining Co....;_ ... be oe 1.39 
North Bloomfield 2 50 7 
Eureka... mS 48 7 




















* The day is usually reckoned as 11 hours. 
aperture is on a level with the 


An opening 250 in. long and’4 in. wide will discha 
10h0 Smartsville inches. - 

















ss H. Smith, A.J. Bowie, 
1874. 1876. 
cubic feet. cubic feet. 
One miner’s inch dis- 
in 1 second -2624 -2409 
a te ietontel | Lbpdd i.dod4 
in 1 minu . . 
One miner’s inch dis- 
ce in 1 hour... 94.4640 89.964 
por Lae in 3h hours] 9967.1980 2159 
in ours d 146 
Ratio of actual to - : 
theoretical discharge 61.60 p. ct. 59.05 p. ob. 
The La Grange inch is equal to 2.159 cubic feet. 


To determine the value of the North Bloomfield 
inch the water was made to discharge through a 


the bottom of the tank holding the water, and was 
chamfered off lin, from the outside, so that the 
outside opening was 4in. high. The value of this 
inch is given in the foregoing Table as determined. 

There will always be an excess of water over and 
above what is calculated. Many of the companies 
have made exact measurements of the quantity of 
water, which is all the more necessary since the 
water is sold to the mining companies. The water 
is paid for from 10 to 20 cents the inch per day, 
these days varying from ten to twelve hours. It 
has frequently happened that the working of gold 
which at first was the principal object of these 
water companies has become entirely accessory, and 
the companies work the gold and sell the water at 
the same time. 

The expenses of the North Bloomfield Company 
for the year 1871-2, while its preliminary operations 
were being prosecuted, and before its bed rock 
tunnel had been driven, were 45,000 dols., not in- 
cluding interest on the capital. It took out 54,000 
dols. in gold, leaving a profit of 9000 dols. If it 
had sold its water at 0.16 dols. the inch for twenty- 
four hours it would have made a profit of 40,000 
dols, It will thus be seen that hydraulic mining 
divides itself into two principal departments, water 
supply and hydraulic mining proper. Both of 
these were included in the works of the same 
claims in the early days, but the question of 
water supply has become one of such magnitude 
that the tendency is to separate the two, so that the 
water or ditch company has no interest in the 
mining, but obtains its revenue solely from the sale 
of its water. The conditions under which this is 
done are so peculiar to the extreme Western States 
and territories of the United States that ashort de- 
scription of them will not be without interest. The 
question of water supply will be treated under the 
head of dams and reservoirs, ditches, flumes or 
launders, and iron pipes. 

(To be continued.) 








THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. XI. 


Tuis series of articles would be incomplete with- 
out reference to the distinction which should be 
recognised between the barometer and the aneroid 
as regards the force of gravity. It is true that this 
is a matter of theoretical interest, rather than of 
practical importance, inasmuch as the aneroid is by 
no means an instrument of precision, and cannot be 
considered altogether independent of the barometer. 
Nevertheless, greater skill and care in the manu- 
facture may confer upon the aneroid, in the course 
of time, a degree of precision which may warrant a 
more scientific manner of graduating, comparing, 
and using it, than it receives at present, and may 
even give it importance as a measure of the force of 
gravity itself. It will, therefore, be well to consider 
the aneroid as if it were an instrument of precision, 
and to show how it should then be used as a substi- 
tute for the barometer. 

The barometer is virtually a balance, and weighs 
the column of air which counterposes the mercurial 
column. Gravity acts equally on the weight of the 
column of air and on the weight of the column of 
mercury. Hence the variations of gravity can have 
no influence on the barometer as an exponent of the 
weight of the air. The aneroid is a spring which is 
more or less compressed by the ing ¢ension, or 
pressure, of the atmosphere. Now the weight of the 
air is a different thing fromits-tension. The relation 
between tension and weight is represented by the 
formula, T = W. /(g), that is tension depends upon 
weight modified by a function of gravity. It follows, 
therefore, that the aneroid indications are only 
strictly comparable with those of the barometer for 
a certain intensity of gravity, and for every varia- 


tions. Now, ag the anerdid is tised as the substitiite | 
for the barometer, its indications’ are required in 
terms of the barometer’s ander all ¢ircumstances. 

As thé constants of’ the barometric formula for 
the ion of heights are adapted to latitude 
45 deg: the aneroid should be graduated and 
eonipatedso as to ‘with barometrical readings 
reduced to the same latittide. Then, wherever the 
aneroid may be taken it would differ from the baro- 
meter by the effect due to the variation of gravity ; 
and, as the barometrical’ reading is sought, the 
reading of the aneroid must bé corrected for gravity. 





Sin. plank. The bottom of the opening was above 





Thus, if an aneroid be uated by com 
with a barometer in latitude 45 deg., and they 





tion of gravity there “m Nery gee ling | 
change between ‘the Sen attains indica. i 








agree there precisely, this agreement will not subsist 
in another latitude, use gravity increases 
towards the pole and decreases towards the equator, 
nor in another of the vertical, because gravity 
decreases with increase of elevation. The differences 
which would result from this cause between a 
erfect barometer and a perfect aneroid, in various 
titudes and various elevations, have numerical 
relation to the force of gravity; so that, were the 
aneroid a dependable instrument it could be used as 
an exponent of the variation of gravity. For this 
purpose, however, the aneroid wherever graduated 
ought to be set to the barometric column not only 
reduced to 32 deg. Fahr., but to latitude 45 deg, 
also ; and always afterwards set to the same standard 
of comparison. The correction of the barometer for 
temperature is made by means of tables given 
in most of the text-books on meteorology. The 
correction for gravity, to reduce the barometer to 
— 45 deg., may be inferred from the annexed 
able, 


Table for converting the. Weight of Air (Barometer Read- 
ings) from Latitude 1 to 45 deg. (or rg Ramey with 
Equivalents of Tension (true Aneroid dings) and 
Vapour Temperature of Boiling Water. 




















Boiling point...| 212.13deg. | 192.41 deg. | 161.59 deg. 
Tension 30 in. 20 in. 10 in. 
Latitude. |Corresponding Barometer at 32 deg. Fahr. 

0 30.0804 20.0536 10.0268 

5 30.0792 20.0528 10.0264 
10 30.0756 20.0504 10.0252 
15 30.0696 20.0464 10.0232 
20 30.0616 20.0411 10.0205 
25 30.0516 20.0344 10.0172 
30 30.0402 20.0268 10.0134 
35 30.0276 20.0184 10.0092 
“0 30.0138 20.0092 10.0046 
45 30.0000 20. 10.0000 
50 29.9862 19.9908 9.9954 
55 29.9724 19.9816 9.9908 
60 29.9598 19.9732 9.9866 
65 29.9484 19.9656 9.9828 
70 29.9384 19.9589 9.9795 
75 29.9304 19.9536 9.9768 
80 29.9244 19.9496 9.9748 
85 29.9208 19.9472 9.9736 
90 29.9196 19.9464 9.9732 














To use the Table: For the given latitude take 
out the barometric value (if necessary by interpola- 
tion), and the same for latitude 45 deg.; then pro- 
portion thus: As the tabular number for latitude 
1: the tabular number for latitude 45 deg. :: observed 
barometer reading in latitude / : corresponding value 
in latitude 45 deg. 

The relations expressed in this Table between 
weight and tension are represented by the formula 


F-+52251 
si ; 20) (14 F+52251 
B=T (1+ .00268 cos ( + *) 


where B is the barometric column at 32 deg. Fahr. 
in latitude 7, T the tension of air shown by a 
perfect aneroid, or.of the vapour of boiling water 
shown bya table of tensions for latitude 45 deg. 
corresponding to the temperature found by a ther- 
mometer. The first factor of T is due to the effect 
of gravity in latitude, the second for that inthe 
vertical height above the sea; this factor may be 
neglected unless the height is considerable, It will 
be seen by the Table that a barometric column of 
30.08 in. at the equator, of 30 in. at latitude 45 deg., 
and of 29.92 in. at the pole, have the same value on the 
aneroid, that is in tension, namely 30 in., and cause 
water to boil at the same temperature 212.13 deg., 
all at the sea level. Therefore, an aneroid which in 
latitude 45 deg. agrees with the barometer, would 
read .08 lower at the equator, and .08 higher at the 
pole, than the barometer. Above the sea, gravity 
decreases, and accordingly there the aneroid also 
reads lower than the barometer. 

‘Phe vapour tension of boiling water depends 
upon the absolute é of the air, notits weight ; 
consequently the tables of vapour tension, in terms 
of ‘barometric pressure, are always given for 4 
certain latitude at the sea level. Those deduced 
from the researches of Regnault are generally given 
for latitude 45 deg. Such # table will be found in 
Sit H. James's Insteuetlocis for taking Meteorolo- 
gical Observations.” If the barometrical pressure, 
feagy eran | to vapour tension, be required for 
any other latitude and elevation, it can be readily 
deduced “from the formula last given. Thus the 
formula for the conversion of vapour tensions into 
corresponding barometric columns, and the formula 
for changing aneroid readings into barometer read 































































ENGINEERING, 





Nov. 9, 1877 ] 


ings, are one and the same. Hence it follows that 
the vapour tension of boiling water is an absolute 
check on the aneroid at all places, The hypsometer, 
otherwise boiling-point thermometer; furnishes the 
temperature of the vapour of boiling water; Reg- 
nault’s Table gives the corresponding tension of that 
vapour ; and the difference between this tension and 
the aneroid reading anywhere is the scale error of 
the aneroid. Thus the hypsometer is almost a 
necessary check on the aneroid, and travellers who 
explore should be furnished with a few boiling- 
point thermometers if only for occasional use in 
checking the aneroid. The errors of a thermometer 
can be accurately determined and easily corrected 
for, but the zero undergoes displacement, and the 
amount is of material consequence, though as the 
instrument gets age its corrections become more 
permanent. The hypsometer, it may be pointed 
out, is itself also a substitute for the barometer in 
measuring heights ; and, as the tabular tension, 
corresponding to the temperature it shows for 
boiling water, is equivalent to a true aneroid reading, 
it should be treated in — the same manner 
as the aneroid reading before it is introduced into 
the barometric formula for computing the height, or 
before it is used with tables for computing heights 
barometrically. Hypsometers are fragile, to make 
an observation is tedious, and the apparatus is 
generally iniproperly constructed, so that very 
accurate observations cannot be obtained under all 
circumstances, otherwise they would be preferred to 
aneroids, 

It is necessary to remark that when the aneroid, 
or the hypsometer, is used at the two stations, it is 
not worth while to reduce their indications into 
terms of the barometer, because the barometric 
formula requires the logarithm of the difference of 
the pressures at the stations, which will be practi- 
cally the same whether the relative pressures, as 
shown by the barometer, or the absolute pressures, 
as furnished by the aneroid, or the hypsometer, 
are used. But when the aneroid or the hypso- 
meter is used at one of the stations and a baro- 
metric pressure at the other, then its indication 
should be expressed in terms of the barometer. 


An endeavour has been made to render the ex- 
planation of the theoretical relation of the baro- 
meter, aneroid, and hypsometer as clear as possible, 
and it is hoped that the proper use of the two latter 
instruments in measuring heights barometrically has 
been made apparent. If so, the needlessness for 
special tables for use with these instruments must 
be evident Such tables are now so numerous as to 
become perplexing, while they are not always in 
accordance with the barometric formula which 
should be their foundation. When the antroid is 
used at one station only, it should be asked: First, 
Has the aneroid been set to the local barometer? 
If so, correct it for its error; or, second, Has the 
aneroid been set to absolute pressure, the standard 
for which is the barometer in latitude 45 deg. at 
the sea level? If so, reduce its reading into the 
equivalent barometric column at the place. For 
this purpose the latitude and elevation need only be 
known approximately, 

In a short memoir on ‘‘The Aneroid and its 
Applications,” by Baron von Wiillerstorf Urbair, 
printed in the Journal of the Austrian Meteorological 
Society, a translation of which appeared in the 
Horological Journal for 1866, by J. 8S, Harding, it is 
stated that ‘‘The attempt has always been made 
hitherto to ascertain the ebb and flow of the atmo- 
sphere which surrounds us, by observations of air 

ressure. But as only barometrical observations 

ve been used for this purpose a definite result 
could not be obtained. For the influence of the 
moon’s attraction (as principal agent of the ebb and 
flow) can only consist in the fact that apart from 
the attraction which is exerted on the globe, the 
gravity at the surface is variable. In this case it is 
impossible to obtain a result by means of the baro- 
meter; but it is otherwise on a continued series of 
observations by means of the aneroid used in con- 
junction with the barometer. A comparison of 
these two instruments at one and the same, place, 
during a month, would certainly show that our 
atmosphere is exposed to an ebb and a flow, and 
would give the amount of the variations of gravity, 
under the influence of moon and sun, with compara- 
tively great certainty.” Be this as it may, it must 
be evident from what has been evionsly stated, 
that the hypsometer might be for this object 
as well as the aneroid, and perhaps with more ad- 
vantage, at least until the latter instrument is 
manufactured more scientifically or rather artis- 











tically. It is indeed a matter for regret in a 
scientific point of view that the manufacture of 
the aneroid is conducted altogether on commercial 
principles, and that little or no care is given to 
render it a scientific instrument. It is quite certain 
that its capabilities might be greatly improved by 
more refinement in workmanship, jewelling of the 
ivots, reducing friction, counterpoising parts, per- 
ectly compensating for temperature, graduating 
for absolute pressure, &c. There seems to be no 
reason why a scientifically made aneroid should not 
be as superior to an ordinary one as a chronometer 
is to a common watch, An impetus to these im- 
provements might well be given by the Meteorolo- 
gical Office, as aneroids are used on board all ships 
of the Royal Navy. A more methodical and appro- 
priate system for testing aneroids is also required 
rd the Kew Observatory than that hitherto practised 
there, 

Although it has been shown how a perfect aneroid 
would differ from a barometer, owing to the variations 
of gravity in latitude and elevation, it has not been 
deemed necessary to allude to the fact that gravity 
also varies with other circumstances, For instance, 
in the same latitude, at the sea level, it varies with 
the depth of water, and the distance from land 
masses—islands and continents. In the same 
latitude and elevation, it varies with the density of 
the rocks and the character of the land surface, 
according as it is level or piled up in mountain 
ridges, or thrown about in masses forming mountains 
and valleys. And it ought to be mentioned that the 
philosophical instrument called the bathometer, in- 
vented by Dr. C. W. Siemens, F.R.S., for the purpose 
of indicating on shipboard the depth of water with- 
out sounding, depends on eo of the varia- 
tions of gravity due to the differences in the density 
of the earth’s materials. This instrument is described 
and its theory explained in ENGINEERING, vol, xxi. 
page 260. ‘The aneroid, and the hypsometer, 
are both theoretically capable of the same applica- 
tion ; how they would practically answer must 
depend on the accuracy of the barometer and of the 
aneroid, or of the my ag used conjointly. Thus 
if the aneroid, or the hypsometer, could be relied 
upon for stability and accuracy, then the indication 
of either should be the same as the barometer’s 
reduced to latitude 45, unless gravity has a local 
variation due to the peculiar density of the earth’s 
material at the place, which would be manifested by 
the difference of their indications. 
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A Practical Treatise on Mill Gearing, Wheels, Shafts, 
Riggers, &c., for the Use of Engineers. By Tuomas 
Box. Second Edition. London and New York : E. an 
F. N. Spon. 

In preparing the second edition of his useful little 

treatise, we are glad to find that Mr. Box has made 

numerous additions to it, the volume wae us con- 

taining 120 pages of text against 84 in the —- i 

poner oy Bo the number of plates being increased from 

eight to eleven. The additions consist partly of 
enlargements of the various chapters contained in 
the first edition and ay | of a new and very useful 
chapter treating of “‘Examples of Gearing in 

Practice,” this chapter containing a varied amount of 

data relating to the gearing employed in existing mills 

and factories of various kinds. Under these circum- 
stances the work deserves a more detailed review 
than second editions usually do, 

We regret to find from the first chapter that Mr. 
Box has still retained the term “nominal” horse 
power. With reference to this he says: ‘We 
‘‘ shall use the term ‘nominal horse power’ in de- 
“ ference to custom ; to substitute the more precise 
“ and definite term ‘indicated horse power’ would 
“render the book useless or nearly so to practical 
‘‘ men ;” and he then goes on to explain that in his 
treatise it will be assumed ‘“ that the wef indicated 
‘horse power of a steam engine is 50 per cent. in 
** excess of the nominal, and the gross indicated 
‘double the nominal.” Now the introduction of 
three different horse powers in this way can serve 
no possible useful purpose, while it is liable to lead 
to many blunders, for everybody who refers to this 
treatise cannot be expected to constantly remember 
that all the “horse powers” ref to in the 
various tables are based on a standard of 66,000 
foot-pounds per minute instead of 33,000. We 
sincerely hope that in future editions Mr, Box will 
abandon this misleading unit which he has adopted 
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and employ the 33,000 foot-pounds per minute 
standard for his horse powers ‘hebaghows. 

In this chapter our author has extended the notes 
on the power of water, animals, &c., which ap 
in his previous edition, while he has also added some 
rules for calculating the ‘“ nominal” horse powers 
of steam engines of different types, these powers 
being assumed to represent twice the indicated 
power. We notice, however, that the rule for non- 
condensing engines makes no allowance for 

ressure nor for the losses due to wire-drawing 
uring admission, &c. 

Chapter IT., which deals of wheels and the form 
of tee Traghvne Sy somiyes 7 » & variety of 
useful data having been added. . Box is v 
careful in discriminating between the different 
of work which wheels are called upon to perform, 
and his examples drawn from actual practice are 
calculated to be of much service to designers. 

The next chapter treats of shafts, together with 
their fittings, such as couplings and plummer blocks, 
Here also we find that Mr. Box has brought together 
@ quantity of useful data, and has derived from that 
data rules agreeing fairly with successful tice. 
We think, however, that in his remarks on the loads 


which journals will without heating, our 
author has ignored the teachings of railway working, 
Mr. Box considers that for i of ordinary 


construction the load per square inch multiplied by 
the surface velocity in feet per minute should not 
exceed 20,000, but the bearings of railway carriage 
axles give a constant of 50,000 to 60,000, and some- 
times more, and they certainly do not work under 
very favourable conditions, Moreover, we notice 
that Mr. Box in calculating the bearing surface of a 
journal multiplies the —_—_ by the circum - 
ference, instead of by the diameter, as is usual, the 
effective bearing area of a journal being really but 
its projected area. Thus the constant of 20,000 
given by Mr, Box would correspond only to a con- 
stant of about 13,000 applied © beating area calcu- 
lated in the ordinary way. We think too that our 
author much underrates the value of long bearings, 
icularly for high-speed shafts, and we regret to 
d that in his remarks on shaft fittings he has taken 
no notice of the various types of compression 
couplings, and of adjustable bearings, which have 
met with so much favour on the other side of the 
Atlantic, and which are now steadily making their 
way in this country. 
hapter IV., treating of rig and pulleys 
and Chapter V., dealing with the proportions o: 
keys, are but little altered from the first edition, and 
we find that Mr, Box still speaks of keys as if it 
was more desirable that they should fit tight on 
their tops than sideways, Our own views on the 
subject are opposed to this, particularly in the case 
of keys for geared wheels. We hope that in a 








@ | future edition our author will add to Chapter IV. 


some notes on rope-driving gear, which has now 
fairly taken its place amongst established modes of 
transmitting power. 

The sixth and last chapter of the volume before 
us is devoted to accounts of examples of gearing de- 
rived from practice, and we have already alluded to 
it as a valuable addition to the book, Altogether, 
in fact, Mr, Box’s treatise fully deserves the opinion 
we formerly expressed of it, and containing, as it 
does, a variety of information which it would be 
difficult to find elsewhere, it well merits a place on 
a handy shelf in an engineer's library, 
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PUMPING ENGINE AT THE CROYDON WATER WORKS. 
CONSTRUCTED BY MESSRS. HATHORN, DAVIS, CAMPBELL AND DAVEY, ENGINEERS, LEEDS. 
(For Description, see opposite Page.) 
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DETAILS OF PUMPING ENGINE AT THE CROYDON 


WATER WORKS. 


CONSTRUCTED BY MESSRS. HATHORN, DAVIS, CAMPBELL, AND DAVEY, ENGINEERS, LEEDS. 
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THE pumping at the Croydon Water Works has, until 
recently, been carried on by Cornish engines, of which 
there are three—two of Cornish make, and a larger one 
by Simpson—at the pumping station. The ual 
increase of the work to be done having left the station 
without reserve of pumping power to fall back upon in case 
of accident, it became necessary to put up an additional 
engine. Mr. Thomas Walker, the engineer to the water 
company, decided in these circumstances—very wisely as 
it appears to us—not to erect another engine merely for 
a reserve, but to make the new engine capable of doing 
the whole work of the station, and of doing it with 
greater economy than was possible with the Cornish 
engines, and to keep the old engines as the reserve. 
The new engine, which will, in accordance with this plan, 
do in future under ordinary circumstances the whole work 
of the station, was set to work in September last. We 4 
had an opportunity of seeing it at work a fortnight after 
it was started, and are glad to be now able to place before 
our readers drawings showing the general arrangement 
~ So mbteny, and the construction of the principal 
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The engine is a “ differential” compound engine, on 
Mr. Henry Davey’s patent, and was made by Messrs. 
Hathorn, Davis, Campbell, and Davey, of Leeds. The 
special characteristic of this type of engine, as many of 
our readers may remember, is the use of a considerable 
ratio of expansion in a non-rotative engine with a com- 
paratively small variation of driving effort, andy with a 
cut-off automatically controlled by a very simple but 
exceedingly ingenious valve gear worked with a cataract. 
We have described Mr. Davey’s gear more than once,* 
and in two articles on “ Steam Economy in Pumping En- 
gines,” published in 1875,¢ we discussed at some length 
the theory of the type of engine to which this belongs. 
We shall not again go over the ground which has thus 
been covered, but shall content ourselves with saying in 
general, as to the typeof engine used by Mr. Davey, that 
whether looked at from a scientific point of view, or 
judged by its great in practical work in the cases 
—often exceptionally heavy ones—which have come 








* w ENGINEERING, vol. xix., page 169, and vol. xx., 
3. 
+ See ENGINEERING, vol. xx., pages 371 and 409, 























under our notice, it sapere to be one of the most, if not 
the most, satisfactory forms of pumping engine which 
have yet been designed for heavy work. 

In our engravings, Figs. 1 and 2 are a side elevation 
and plan of the engine and pumps, Fig. 3 is a detail 
section through the pump and valves, Fig. 4 (see page 
360) a section of the cylinders, and Fig, 5 of the surface 
condenser. Fig. 6 shows one of the valves on a larger 
scale, and Figs. 7 and 8 give the details of the quadrant. 

Taking the figures in order, it will be seen from the 
general arrangement that the engine is, as with most of 
the Davey engines, horizontal, the cylinders being placed 
end toend. The ote ey ry cylinder is behind, and its 
two piston rods pass along the sides of the small cylinder, 
the whole three rods being connected to the one cross~ 
head. The driving rod and the pump rod are both 
timber with iron straps, the quadrant a Pm ayy He 
wrought iron. The pump 6, shown in Fig. 1 in its place 
in the well, is double-acting, the two valve boxes ¢ and 
d communicating with the same main k k', the air vessel 
h being placed outside the engine-house, 

The circulating pump is placed vertically beside the 
main pump (Fig. 1), and delivers by the pipe ee, through 
the condenser f/ The double-acting horizontal air pump 
g is worked from the rocking shaft by means of the gear- 
ing shown in Fig. 1. The feed pump is worked t 
by a prolongation of one ot the low- piston rods. 

The pump (Fig. 3) is 27 in. in diameter and 7 ft. 
(nominal) stroke. The area on the upper side of the 
piston is, however, reduced to one-half of that on the 
lower by the use of a trunk 19in. in diameter. The 
work done by the piston on the in-and-out strokes is 
thus equalised ; the weight of the pit work is, of course, 
considerable, and it is in this way utilised when descend- 
ing in lifting water, while on its ascent the area is so 
much reduced that the excess of weight is pretty closely 
balanced by the deficiency of water. The unequal de- 
livery of the pump is, of course, so far a disadvantage, 
but the limited length did not allow of the balancing of 
the quadrant, &c., by a counterweight, and the arrange- 
ment adopted was chosen as the best under these cireum- 
stances. The suction and delivery branches of the lower 
valve box d are 28 in. in diameter, those of the upper 
valve box c are 20in., while the rising main into which 
both discharge is 20in. in diameter. The valves, the 
construction of which is shown in Fig. 6, are of cast iron, 
on cast-iron seats. They have flat faces working on 
hard gutta-percha ring beats, a construction which the 
makers have found to last very well. The free lift of 
the valve, i.e., the amount which the valve can lift be- 
fore the india-rubber rings come against the collar on the 
spindle (see Fig. 6) is fin. We have seen some dia- 
grams taken by a valve indicator devised by Mr. Davey, 
which show that when in full work the actual lift of the 
large valves was 1fin. and of the smaller valves }j in., 
the engine at the time making ten strokes in 65 seconds. 

It is hardly necessary to add that these small lifts are 
exceedingly conducive to the prompt and exact action of 
the valves, which, it may be noticed, are very light in 
proportion to their size. The plunger of the pump is of 
cast iron ; its lower end fits a recess turned on the piston, 
the pull being transmitted to the latter by a wrought-iron 
rod passing through the trunk and secured below the 
piston by a close-ended brass nut. The weight of the 
pump rests on two cast-iron J-girders carried across the 
well. 

Fig. 4 (see page 360), the section of the cylinder, needs 
no explanation. The cylinders are 80 in. and 60 in. in dia- 
meter, and their nominal stroke is 7 ft. The small cy- 
linder iscleaded and lagged only, the low-pressure cylinder, 
however, is made with a separate liner, and is steam- 
jacketted. The low-pressure cover is also jacketted, as ig 
the pipe which carries the steam from one cylinder to the 
other, and which forms the only receiver between the 
two. The jackets are drained ys a Parker’s steam trap, 
through which passes also all the drainage water from 
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the cylinders, the whole being discharged into the tank 
which receives the water from the hotwéll, and from 
which the feed pump takes its supply. 
The nature of the water renders necessary the use of a 
surface condenser (Fig. 5, page 360). This is placed under 
the engine-room floor (see Fig, 1), and is a cylindrical cast- 
ing arranged with horizontal tubes, each packed simply 
with an india-rubber ring ateach end. There are in all 452 
tubes, }in. in diameter outside, and 7 ft. long between tube- 
lates. The condensing surface is thus 620 square feet. 
This surface is certainly ample for the power of the en- 
gine, but it may be doubted whether the nature of the 
connexion between the exhaust pipe and the condenser is 
such as thoroughly to utilise more than a comparatively 
small part of it.~ The air pump (g, Fig. 1) is 12 in. in 
diameter and 2 ft. 6 in. stroke, ealinetiing: The circu- 
lating pump is a bucket and plunger pump, 8 in. in dia- 
meter and 7 ft, stroke, worked direct off the pump cross- 


The quadrant (Fig. 7, page 356) has plate-iron rivetted 
arms, the two working pins being connected directly by 
turned wrought-iron rods, stiffened by cross bolts, as are also 
the sides of the quadrant itself. Fig. 8 shows a section 
through one of the working pins. For the sake of having 
some mass—the pitwork being here comparatively so 
light—about five tons of iron have been attached to the 
vertical arm of the quadrant (see Fig.1) in the form of 
segmental weights. Here they do full duty in helping to 
equalise the velocity, while the height which they are 
actually lifted and lowered each stroke is very small. If 
the conditions of the case had allowed larger weights to be 
used, of course the ratio of expansion for a given piston 
speed might have been proportionately increased. 

The steam for the engines is supplied by the range of 
six horizontal boilers (five of which are always at work) 
which have hitherto been supplying steam for the Cornish 
engines. Their working pressure is 45 lb. per square 
inch above the atmosphere. 

The new well, shown in Fig. 1, in which the pump is 

laced, is lined with cast iron and concreted at the 

ttom. The spaces shown blank in Fig. 1, are filled 
with concrete. The supply to the well is partly drawn 
from a bore hole extending down to the chalk (and pro- 
vided with a valve by which it can be closed) and partly 
from three other wells which communicate with it by 
syphens. The pump is fixed in the well about 60 ft. 
Guew the engine-room floor. The reservoir into which 
the water is pumped is on the hill overlooking Croydon, 
and about a mile and a half from the station. The total 
vertical height from pump to reservoir is about 200 ft. 
when the latter is full. The reservoir being about 30 ft. 
deep, the minimum lift may be 170 ft., but it is generally 
kept may at a maximum. The contract duty of the 
engine is the raising of 3,500,000 gallons 200 ft. high in 
23 hours. 

On the occasion on which we examined the engine, it 
was working at 125.4 indicated horse power, very equally 
divided between the cylinders. The mean stroke was 
6 ft. 10} in., and the engine made an average of 8.54 
double strokes per minute, this giving a nominal mean 

iston speed of 117.5 ft. per minute. Allowing, however, 
lor pauses, as closely as they could be measured, the 
actual mean speed of the pistons was 164 ft. per minute. 
The (actual) ratio of expansion was a little over 5. 

The engines were run in the morning without and in 
the afternoon with steam in the jackets. Unfortunately 
no means were at hand for measuring the amount of steam 
used, so that no fair comparison can be made between 
the two conditions of working. The difference in the 
cards, however, was extremely noticeable. Without the 

ackets the cards show very much more steam at release 
n the high-pressure cylinder than anywhere else; with 
the jackets, on the other hand, the amount of steam 
appears nearly equal, whether measured at the high-pres- 
sure or at the low-pressure release, or a little greater at 
the latter. In the former case the work ‘done in the 
small cylinder was almost twice that done in the large 
one, in the latter they are practically equal. The water 
discharged from the steam trap amounted to about 2 Ib. 
per horse power per hour. We believe there is some 
possibility that a very thorough and complete trial of the 
working of these engines may shortly be carried out. 
The results of such a trial could not fail to be of great 
interest, and we hope that it may really take place. 








THE ROYAL NAVAL COLLEGE.* 

On the Course of Study in the Royal Naval College, 
Greenwich ; with Specimens of the Work done by 
Students of Navul Architecture. 

By W. H. Wurrs. 
(Concluded from page 323.) 
« THRovGHovT the course of study in naval architecture it 
my desire to arrange not aay for the instruc- 
tion of students in the various methods of calculation, bu 
for the actual performance of the work by each student. 

In the case of ship designing, however, the amount of work 

to be performed is usually too to permit of single 

students working on a design, it is customary for them 
to be grouped in twos or threes, care being 

has a share in all important parts of the work. This in- 

eludes the preparations of the drawings and calculations 

connected with the design of a ship of some selected type. 

The character and extent of the work done may, perhaps, 








be better illustrated by the following outline of that which 
would ordinarily be done in designing an ironclad ship : 
1. Preliminary estimate of dimensions and displacem: 
required to fulfil the desired conditions as to draught, trim, 
armour, armament, speed, and equipment, &c., as well as 
to provide sufficient stability. ; . 
2. Preparations of sheer-drawing, »midship section, plans 
of decks, battery, &c., required for making an estimate of 
the weights of bull, armour, &c. 
3. Calcalations of displacement, and positions of the 
centre of buoyancy and metacentres. 
4. Detailed calculations for the weight of hull, armoured 
and fitted, together with the ition of the centre of 
gravity of the same in height and length. . 
5. Detailed estimate of weights of equipment and posi- 
tion of their centre of gravity. 
6. Combination of the results of 4and 5 to determine the 
weight and position of the centre of gravity of the com- 
pleted ship. Thecomparison of these results with oes 


4. Dipping oscillations in still water. 

5. Rolling amongst waves ; treated mainly in accordance 
with the investigations of Mr. Froude, with the effect of 
resistance neglected and included. 

6. Principal deductions from the theory of rolling, illus. 
trated by reco observations of the behavioar of ships. 

7. Pitching oscillations. 

8. Heaving and ery 2 

It may be added that the Professor of Applied Mechanics 
(Mr. Cotterrill) delivers a course of lectures each session to 
the advanced class of students of naval architecture and 
marine engineering, on the trochoidal-wave theory and the 
propulsion of ships, including the stream-line theory. 

In addition to these mathematical lectures there is usually 
a special course of lectures each session on some topic of 
interest connected with naval architecture. This special 
course is chiefly designed for naval officers studying at the 
college, and the treatment is therefore made as popular as 
possi le; but they are also of some value to the pro- 
fessional students. During the four sessions which the 





obtained in 3 show whether the new design is 
as regards draught, trim, and stiffness, or whether any 
corrections are necessary in'the form of stowage. Having 
made these corrections, the “a 4 passes out of the pre- 
liminary stage, and only its details require to be worked 
ou 


t. 

7. Preparation of outline profile and plans of decks and 
hold, showing th: main features of the stowage throughout 
the ship. 

8. Preparation of sail draught, with calculations for 
area and centre of effort of plain sail, and power to carry 


sail. 

9. Calculations for and construction of curves of dis- 
placement, tons per inch, and immersed midship section : 
also for the metacentric diagram. 

10. Calculations for statical stability, construction of 
curve of stability, estimate of dynamical stability. 

11. Calculations for — under steam. 

12. Calculations for longitudinal bending moments in 
still water and among waves, including the construction of 
curves of weight buoyancy, loads, shearing forces, and 
bending moments. 

13. Construction of equivalent girders, and estimates of 
longitudinal strains on the structure. 

A student who has passed through this course ought to 
be thoroughly competent to undertake the design of any 
class of ship for which the fundamental conditions were 
furnished. It is not, of course, anticipated that the 
college training will to any extent replace the necessity 
for experience in designing ships, or supply the facility or 
information to be obtained by extensive practice. On the 
other hand, that course gives a good grounding in the 
principles of design, and enables the student to proceed in- 
telligently in whatever direction his after work may lead 
him. Good evidence of the thoroughness of the training is 
found in the fact that very many students have been at 
once employed in the Construction Department at the Ad- 
miralty, on leaving the School of Naval Architecture or 
the college ; and both Mr. Reed and Mr. Barnaby have 
borne public testimony to the useful work which has been 
done by them. 

Up to the present time attention has naturally been most 
directed to the design of warships, but if students from 
the private trade joined the college we should be very 
happy to further their work on the design of merchant 
ships. 

During the third session students of naval architecture 
also attend a special course of about thirty-five lectures on 
the stability and oscillations of ships, delivered by the In- 
structor in Naval Architecture. The students have by 
that time advanced sufficiently in their mathematics to take 
up the study of the general theorems of stability, and the 
theory of the oscillations of ships, and one morning in each 
week is devoted to these important subjects; the Trans- 
actions of the Institution being amongst the principal text 
books used. The following is a brief syllabus of the course 
of lectures : 


SYLLABUs OF LECTURES ON THE STABILITY AND 
OSCILLATIONS OF SHIPs. 
I.—Statical Stability of Ships. 
1. General theorems of Dupin, with extensions and parti- 
cular application to ships. 
2. Metacentric methods of estimating initial stability, 
**metacentric heights’’ for various classes of ships, with 
results of experience as to the amount of stiffness desirable. 
3. Applications of the metacentric method, including : 
Inclining experiments to determine the vertical position of 
the centre of gravity of ships. Variations in stability due 
to additions or removal of weights. Estimates for changes 
of trim of ships produced by moving weights, or adding or 
removing weights. Efficiency of various methods of water- 
tight subdivision in preserving the stability of ships when 
compartments are bilged. Stability of ships aground and 
partially water-borne. Estimates of power to carry sail. 
4. Stability at finite angles of inclination with details of 
the various methods of calculation that have been proposed 
by Atwood, Reade, and Barnes. Calculations for and con- 
structigp of curves of stability. Examples of the forms of 
such curves for typical ships. Influence of m, free- 
board, draught, and vertical position of the centre of gravity 
upon the forms of curves of stability. 


II.—Dynamical Stability. 
Moseley’s formula and other expressions for. Estimates 
of, by direct calculation, or from curves of stability. Con- 
nexion of, with the safety of ships acted upon by suddenly 
applied forces, such as gusts or squalls of wind. Reserve 
of dynamical stability. 

IlI.—Oscillation of Ships. 
1. Unresisted rolling in still water. 
2 Sais in still water, with the effect of resistance in- 
cluded. 
3. Still-water rolling experiments, their conduct, and the 


college has been in existence the following have been the 
subjects of these special lectures : 

1. The safety of ships. 

2. Behaviour of ships at sea. 

3. Structural arrangements of modern war ships, as 
illustrated by the models in the naval museum. 

4. Tonnage and propulsion of ships. 

At the final examination a paper is set on these special 
lectures, and the examinations passed by naval officers have 
been highly creditable to them. 

In conclusion, it may be interesting if I give a few 
specimens of the work of the students during the second 
and third sessions, and I venture to hope that these 
examples may not merely exemplify the character of the 
work done at the college, but may furnish some valuable 
data for certain classes of ships. 

Fig. 1 shows the curves of statical and dynamical 
stability for an unarmoured screw corvette of the old type. 
No remark is needed respecting this, except that the curve 
of dyanmical stability was obtained from the curve of 
statical stability by the process of ‘‘ graphic integration.’’ 

Fig. 2 shows the curves of statical and dynamical 
stability, under different conditions, for an armour-plated 
single-turreted ram, designed by one of the foreign students 
(Lieutenant Taxen, of the Danish Navy), under my instruc- 
tions. This vessel is 256 ft. long, 57} ft. broad, and 18 ft. 
draught of water, displacement about 5000 tons. She 
carries two 25-ton guns in her turret, has 12-in. armour on 
turret and sides, 2-in. and 2}-in. deck armour. Her central 
battery is about 96 ft. long, and the battery deck is 9} ft. 
above water. Before and abaft the battery there is an 
armoured deck about 2} ft. above water, and the sides to the 
height of the battery deck are continued by light plating, 
forming living spaces for officers and crew. It is possible 
to admit large quantities of water to these spaces by a few 
shot holes, and the curves of stability have therefore been 
constructed for both the intact and the riddled condition. 
The contrast between the curves of statical stability in these 
conditions is very great, as the following comparative state- 
ment will show : 








| 
“oe of | Angle of Range of 
— Righting ‘Sabiity, Stabiilty. 
Couple. | : 
ft. deg. 
ae oe 34 76} 
Superstructures riddled} 1.7 23 50} 











_ The contrast between the curves of dynamical stability 
is no less remarkable. The length of the ordinate for the 
curve.in the riddled condition at the upsetting angle 
(50} deg.), represents the-work to be done in capsizing the 
ship in still water—neglecting that done on the water dis- 
turbed. It will be seen that when the sides are intact an 
equal amount of work has to be done in heeling the ship 
over only about 26 deg. or 27 deg. out of her range of 76} deg. 

These facts are interesting as the ship for which they 
have been obtained: resembles in type the Hotspur and 
Rupert of the Royal Navy. 

Figs. 3, 4, and 5 contain examples of the last set of 
calculations usually performed in the second session. The 
first calculations of this kind were made by Mr. John and 
myself in 1871, and published in the Transactions for that 
i. Iam unaware of any other examples having been 

itherto published, and therefore hope those now given 

will be found of interest. 
It may be well to explain the conditions assumed. First, 
all transverse inclinations of the ships are sup’ to take 
place about a longitudinal horizontal axis, fixed in direction 
only, and capable of moving parallel to itself, so that at 
any inclination the constant volume of displacement may 
be maintained. It is, of course, known that, in practice, 
heeling is accompanied by change of trim ; but it a been 
ascertained that the transverse stability may be very closely 
approximated to with the foregoing assumption, and it is 
that universally made use of in calculations for curves of 
stability. Even when the motion is thus restricted the 
loci of the centre of buoyancy, centre of flotation, and 
metaventre will not ew a be plane curves, but curves 
of double curvature. In the diagrams therefore we have 
simply projections of the loci upon a transverse plane. 

Some objections have been against applying the 
term “ metacentre”’ to any other point than that corre- 
sponding to indefinitely small inclinations from the up- 
right ; but it is convenient to speak of the evolute of the 
locus of the centre of buoyancy as the ‘metacentric locus ; 
and it is per to conceive conditions under which each 
py es e evolute becomes a ae tre. For example, 

- ts 4 








* Read before the Institute of Naval Architects. 


construction and analysis of curves of extinction, 





he inclination is supposed t from internal dis 
placements of weight, and not from the action of external 
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forces, any and every inclined position of the ship might be 
made one of equilibrium; and the corresponding point of 
the evolute would be a metacentre in the strictest sense of 
of the term. 

Fig. 3 shows the loci for the centre of buoyancy, meta- 
centre, and centre of flotation for the Diadem, a high- 
sided unarmoured frigate of the Royal Navy. It will be 
found to bear a great resemblance to that for the high 
freeboard ship published by Mr. John and myself in 
1871. 

Fig. 4 shows the corresponding loci for the corvette of 
which the curve of stability is shown in Fig. 1. Here the 
freeboard is moderate, and the curve of flotation con- 
sequently assumes a very different form from that in 
Fig. 3. 

Fig. 5 represents the corresponding loci for the turret 
ram of whieh the curves of stability are given in Fig. 2. 
Here the freeboard is comparatively low, while the beam 
is considerable. The curve of flotation is especially re- 
markable in this case. 

Studied in the light of the remarks made in the paper of 
1871, these three typical cases will be found to have con- 
siderable interest. 

Figs. 6, 7, and 8 show the curves of weight, buoyancy, 
loads, shearing forces, and bending moments for the 
armoured turret ram, of which Fig. 2 shows the curve of 
stability. Ineed not describe the construction of these 
curves as it is now so well known, but they will be found 
to contain some intexesting features as compared with 
those previously published by Mr. Reed for typical war 
ships, and by Mr. John for merchant ships. I would 
particularly call attention to the very moderate bending 
moments in still water and on the wave crest ; the sagging 
moments in the wave hollow are also far from excessive. 
The following Table enables this to be seen more clearly. 
The waves upon which the ram is supposed to float are 
256 ft. long and 17 ft. in height from hollow to crest. 











Maximum Bending 
Moment = Weight x 
Length ~. 
Still |Wave| Wave 
Water. (Crest. |Hollow. 
M inotaur class, Royal Navy 88 28 53 
| Bell h | gee 48.5 43 
Mr. Reed’s | Bellerophon class ,, 55 we. : 
figures. | Victoria and Albert class, 
L RoyalNavy se = «| —:189 43 23 
; (sagging) 
—— "7 Ordinary merchant steamer “ak 35 50 
Calculations ¢ Turret ram a 263 43 41 
made at { (hogging) 
College. New broadside frigate ...| 227 70 38 
(sagging) 

















Fig 9 shows the equivalent girder for the midship section 
of this ship. The armour is regarded as effective only 
against compressive strains, in order to be on the safe side ; 
but it is obvious that it-would also give valuable assistance 
against tension. Even under these conditions the strains 
are out of all proportion to the ultimate strength of the 
section, as the following figures will show : 


Mazimum Strains. 


Tons per 
Square Inch. 
On wave crest 85 Tensile on upper deck 
- 1.06 Compressive on bottom 
In wave hollow ... 1.47 Tensile on bottom 


ae +» Compressiveon upperdeck 
The 2-in. plating on the battery deck of this ship, 
although worked simply for protective purposes, adds 
greatly to the longitudinal strength of the ship. The 
armour plating also helps the structure considerably in 
resisting the maximum sagging strains when the ship is 
astride a wave-hollow. The ratio of length to beam in 
this case is very moderate,’ viz., about 45 to1; but the 
ratio of length to depth is considerable, being about 9} to 
1. Yet it will be seen, that if the ultimate strength of the 
iron is taken at from 18 to 20 tons, the factors of safety 
never fall below 12; a great contrast to very many ships, 
and probably to most ; yet the weight of hull in this vessel 
was only about 35 per cent. of the displacement. 
' Figs. 10 to 18 show the corresponding particulars for a 
broadside ironclad frigate designed by the three Admiralty 
students—Messrs. Welsh, Cardwell, and Evans—who have 
just completed their course. This vessel resembles in type 
the Invincible class of the Royal Navy, but is larger, more 
heavily armed and armoured. She is 280 ft. long, 60 ft. 
broad, 24 ft. mean draught, and 7130 tons displacement ; 
has a water-line belt throughout the length, and a two- 
storied central battery, containing eight 18-ton guns. 
Thicknesses of plating on belt deck 1}im. The following 
are the results : 











Maximum Bending 
Moments.* 
Weight x 
Foot-tons., Length—. 
Tn still water (sagging) 8,800 227 
On wave crest (hogging)... 28,000 70 
In wave hollow (sagging) ... 51,000 38 








* The maximum still water bending moment for the 
—— is given by Mr. Reed as 11,000 foot-tons 
g). 


(boggin 





CALCULATION OF MomENT OF INERTIA OF SECTION WHEN THE SHIP IS UNDER A HOGGING STRAIN. 
Feet. 
































Total depth of girder =~ SIS 
Neutral axis below top = y,=19.3 
5 above bottom =yo=18.2 
Distance 
Bttective | of’ |S f De f 
ective of quares Of] pb aucts pths of |Squares o Prods 
Parts oF STRUCTURE. Sectional | Gravity | Distances : Webs in epths . 
reas=A., en’ e=h*, Axh?. irder=d =i. txAxd?, 
Neutral 
Axis=h. 
sq- in. ft. ft. iy 
Upper deck flange 155.1 19.2 368.6 57,170 
Main oes we 654.1 10.6 112.4 73,521 
Lower ,, fe 117.2 3.6 13.0 1,524 
Wing passage bulkhead 51.0 5.5 30.2 1,540 9.0+ 81 B44 
Coal bunker a 14.0 1.4 2.0 28 2.8 7.8 9 
Shelf plate 24.7 85 by 17 
Skin plating... aia <e | 685.1 10.1 102.0 69,880 18.4 338.6 19,331 
Bottom plating above neutral axis ... 19.0 4 2 4 8 6 1 
Coal bunker bulkhead... ae Ea 37.8 3.2 10.2 886 6.3 39.7 125 
Wing passage ,,_... vat 63.4 4.6 21.2 1,344 9.3 86.5 457 
Top part of bottom plating ... 401.0 7.5 56.3 22,576 12.7 161.8 5,390 
Bottom plating flange... an 889.0 15.8 249.6 | 221,894 5.5 30.2 2,237 
449,884 27,894 
27,894 


I=Moment of inertia=477,778 


When the ship is on a wave crest— 


M=Bending moment at section just outside battery=28,000 foot-tons. 


Maximum tensile strain on upper part of section= 


Maximam compressive strain on lower part of section 


ft.-tons. ft. 


a - 19.3_1 18 tons per square inch. 


28,000 x 18.2_1 7 tons per square inch. 
































477,778 
CALCULATION OF MoMENT or INERTIA OF SECTION WHEN THE SHIP IS UNDER A Sagara Srparn. 
Total depth of girder 000) gee nae oot axaan a on8" 
Neutral axis below top... pes ove : =yi=15.9 
* above bottom ; =y,=21.6 
Distance ; 
Blectt of —~ Bq 
‘ective 0! uares of hs of |Squares of 
Parts or STUCTURE. tional | Gravity | Distances | Products Ween i ths | Products 
Areas=A. from? =h?, Axh*, Girder=d. dt, tex Axds. 
Neutral 
Axis=h, 
sq. in. ft. ft. 
Upper deck flange oe 202.9 15.8 249.6 50,644 
Main Pe Re 777.8 7.1 50.4 89,201 
Lower te oa 148.6 2 04 6 
Skin plating re in ah 681.5 7.9 62.4 42,526 15.8 249.6 14,175 
Armour and backing ... tos 1657.5 8.2 10,2 16,906 6.5 42.3 843 
Wing passage bulkhead 43.8 8.2 10.2 447 6.5 42.2 154 
on ae 65.0 6.6 43.6 2,834 11.9 141.6 767 
Coal bunker i 46.3 5.2 27.0 1,250 9.2 84.6 826 
Shelf plate 24.7 2.6 6.8 168 
Skin plating... ... 92.4 1.3 1.7 157 2.6 6.8 52 
Bottom plating at side 360.1 11.0 121 43,572 13.6 185 5/552 
A flange... 767.2 19.2 868.6 | 282,790 5.6 81.4 007 
480,501 28,876 
28,876 
I=Moment of inertia=509,377 . 


When the ship is astride the wave hollow— 


M=Bending moment at section just outside battery=47,120 foot-tons. 


ft.-tons. ft. 


Maximum tensile strain on lower part of soction == M7 eO Ss tons per square inch. 


Maximum compressive strain on upper part of section——“?-~-—-"""= 


47,120x 15.9_4 47 tons per square inch. 


509,377 





Mr. Reed has published the curves of loads, bending 
moments &c., for the Invincible class, floating in still water, 
but not amongst waves ; the diagrams now bef®re you have 
therefore additional value. 

In this case Fig. 18 shows the equivalent girder for a 
section (just outside the central battery) which is the 
weakest in the ship in proportion to the corresponding | 
bending moment. Large engine and boiler hatches are re- 
quired at these parts, and altliough they are closed in and 
plated over for protective purposes, this cannot be done in 
such a manner as to restore the full strength of the decks. 
The protective main-deck plating is in this case a 
valuable longitudinal strengthener, especially against 
hogging moments. As in the previous case, the armour is 
considered effective only inst compressive strains ; but 
it will be seen to help considerably in resisting saggi 
moments, which in this case are by far the severest whiek 
the structure has to sustain when the ship lies across a | 
wave hollow. The following are the results obtained : 


Mazimum Strains. 








Tons = 
Square Inch. 
On wave crest ... 1.13 ... Tensile on upper deck 
i - ». 1.07... Compressive on bottom | 
In wave hollow ... 2.0 Tensi’e on bottom 
con’ Compressive on upper deck | 


”” ” 





In this case the factor of safety never falls below 9 or 10, 
and yet the weight of hull is only about 40 per cent. of the 
disp! ent. proportion of length to beam is small, 
being about 44 to 1; and that of length to depth is also 
moderate, being about 7 to 1. The contribution of the 
several parts of the structure to the longitudinal strength 


| will be seen from the following details of the calculations 


for the moments of the inertia of the girders for hogging 
and sagging. 





? 


FarrFIeLp AssoctaTION.—This association held 


first ordi meeting for the session on Friday evening, 
Mr. H. C. Mylne, in the chair, when a paper on “ ago 
M. Ogilvie. 


was read by the President, Mr. W. 
giving a general definition of the term energy in its scien- 
tific sense, he explained and illustrated the distinctio: 


n 

between actual and pacer seen energy, and —— a 
number of tables in which these were pre Sea 
as to form and source. He explained and ill ina 
clear and interesting manner the modern theory of 
and the principle of the i prtienee c 

| reference was made to the recently propou' “ vortex- 
ring” theory, which was illustrated by a very interesting 
experiment. The peer By well ai d, and sixteen 
new members were i into the association. 
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DETAILS OF PUMPING ENGINE AT THE CROYDON 





WATER WORKS. 


CONSTRUCTED BY MESSRS. HATHORN, DAVIS, CAMPBELL, AND DAVEY, ENGINEERS, LEEDS. 





(For Description, see Page 357.) 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

_ The Swinton and Knottingley Railway.—The works 
in connexion with this new line of railway are now making 
rapid progress, and will in all probability be completed 
early in the new year. A considerable proportion of the 
permanent “ foe been completed, and much of the 
wridging, &c. Whs been finished off. The six-arched stone 
bridge over the Went, neur Badsworth, is also making 

progress, as are the various new station buildings at 
Pontefract, Bolton, South Kirby, Elensall, and Ackworth. 


The New Safety Lamp at ay * has now been 
mutually agreed upon by Messrs. Newton, Chambers, 
and Co., proprietors of the Thorncliffe Collieries, and their 
men, that the new colzalene safety lamp, which has been 
in experimental use for a fortnight, shall be generally 
adopted. It gives a good light, but there is as yet an open 
question between the parties as to how many lamps per 
man shall be allowed. The owners say one lamp will be 
ample, but the miners think that there ought to be two 
for every “‘ contractor.”’ 


peapening of the Dronfieid Silkstone Colliery.—This 
it, which had been closed for about nine months, has now 

mn reopened, the men having agreed to resume work at a 
reduction in wages of about 6 per cent. 


Mexborough Proposed Sewage Works.—Last week Mr. 
John Thornhill arrison, an inspector of the Local 
Government Board, held an inquiry relative to the proposed 
borrowing of a sum of money for carrying out sewage 
works at this place. It was shown that the present popu- 
lation was about 5500, and that the rateable value was 
17,4651. The scheme, however, appearing to contemplate 
the discharge of the sewage into the River Don, the inspector 
closed the inquiry by saying he was sure the Board would 
not sanction the plan. 


New Tramways Engine at Leeds.—A series of experi- 
ments with a new tramway engine made by Messrs. Kitson, 
of Leeds, in that town, has been very successful. The 
ordinary cars have been worked by it for a fortnight be- 
tween Hunslet and Kirkstall, and it has not appeared to 
have at all interfered with the ordinary traffic. The ex- 
periments are said to show that the engine can be worked 
for about a penny per mile for fuel, and that 1t will carry 
sufficient water for a ten miles’ run. 


Opening of another New Colliery.—On Saturday last 
there was considerable rejoicing in connexion with the 
opening of the new Monckton Main Colliery, at Felkirk, 
between Barnsley and Wakefield. The first sod was cut 
on May 24, 1875, and the coal was reached on October 25 
last at a depth of 475 yards. The Barnsley seam is worked 
and is of the thickness of about 5ft.6in. to6 ft. The 
shafts, two in number, are each 17 ft. in diameter, and the 

it is close to the line of the Midland Railway. Lords 
oughton and Galway, Mr. H. Sidebotham, M.P.,and many 
prominent colliery owners and engineers were present. 








NOTES FROM THE SOUTH-WEST. 

A New Railway Project.—A scheme is in contemplation 
to promote a railway between Bath and Cirencester, to 
oe by a junction with the Great Western Railwa 
at Bathampton, and pass through Batheaston, Marsbfield, 
West Kington, Netherton, Acton, Turfille, Luckington, 
Great Sherston, Western Birt, Telbury, Long Newton, and 
Crudwell, and to terminate by a junction with the Great 
Western Railway at the Swindon end of the tunnel, near 
— Junction, with running powers into Ciren- 
cester. 


Sharpness New Docks.—The report of the Sharpness 
New Docks and Gloucester and Birmingham Navigation 
oy ond states that the revenue of the entire undertaking 
has been well maintained during the past half year. The 
receipts of the Gloucester section having been equal to, and 
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those of the Birmingham section having been somewhat | country from the Bristol Channel to the English Channel), 


larger than the receipts of the corresponding period of 1876. 
Owing to the demand for extended accommodation at 
Gloucester, about 34 acres of land on the west side of the 
canal, and immediately adjoining the depdt of the Great 
Western Railway,'had been purchased. Further extensive 
warehouse accommodation will shortly 
Sharpness by the Seven Ports Warehousing Company. Al- 
together the shares will receive a dividend for 1876-7 at the 
rate of 3} per cent. per annum. 


Wages in Wales.—The Dowlais Company's miners em- 
ployed at the E Hill Mines in the Forest of Dean, have 
received a month’s notice to terminate all contracts ; this 
step, it is understood, will involve a reduction of wages. 
Notices have also been issued at the Cwmpennar Collieries, 
Mountain Ash, the of termination of all contracts at the 
end of the month, and it is said that similar notices have 
been posted &t all the Powell Duffryn Collieries in the 
Aberdare Valley. 


Sale of a Railway.—The Swansea and Mumbles Rail- 
way, 6 miles long, has been sold for 31,0001. 


Railway Facilities at Newport.—Sir George Elliot has 
been in the neighbourhood for some days. A project is on 
foot for increasing railway communication between the 
Rhondda Valley and Newport. The scheme is of a com- 
prehensive and important character. 


The Scilly Telegraph Cable.—It was lately announced 
that the Post Office had determined to lay a cable from the 
Scilly Islands to the mainland in lieu of a broken cable 
owned by a local company now in liquidation. This com- 

y, bowever, has served on the Post Office a notice of 
eeetiien to restrain the authorities from landing the 
cable, and the Post Office declines to-engage in litigation 
in the matter. The much-needed cable will accordingly 
remain in abeyance. 

Cornwall Minerals Railway.—The Great Western 


Railway Company have completed the purchase of the 
Cornwall Min 


be supplied at | 





and have paid Dr. Trefry, of Fowey, 103,0001. for that 
portion which lies within the Trefry estate. 


Swansea.—Trade during the week has been sluggish in 
all departments. There have been some rather large con- 
signments of coal for foreign export, but the aggregate 
does not bear favourable comparison with previous weeks. 
The tin-plate trade shows no improvement, nor is there 
likely to be any change for the better during the present 

ear. The general trade of the harbour is by no means 
brisk, although the returns for the past month bear favour- 
able comparison with the same period of last year. 








Tue INSTITUTION oF CrvIL ENGINEERS.—During the 
last three sessions four volumes of Minutes of Proceed 
ings have been issued annually. These volumes contain 
the papers read at the weekly meetings, with full reports- 
of the discussions to which they give rise. This record is 
supplemented by observations furnished in writing by those 
unable to be present, so that the possible range of infor- 
mation is materially extended, and members and others at a 
distance are enabled to join in the proceedings. The 
volumes also embrace other original communications, 


| selected as being better suited for publication slone than 
| for being read and discussed at the meetings, as well as 
| abstracts of papers in foreign transactions and perio- 
| dicals ; the aim in the latter case being to present a 





| sumed on Tuesday the 13th instant, when a 


| 


succinct résumé of the current engineering literature of 
all countries. Each of these volumes consists of between 
300 and 400 pages of letter-press, illustrated by numerous 
plates and wood engravings. Volume L. of the series has 
recently been circulated. A list of subjects for papers upon 
which, among others, original communications are desired, 
has just been published, with a statement of the funds at 
the disposal of the Council for rewarding authors of meri- 
torious communications. The weekly meetings will be re- 
paper by Mr. 

a “‘ Review 


Alfred Holt, M. Inst. C.E., of Liverpool, 
t Quarter 


of the Progress of Steam Shipping during the 


Railway (which extends across the | of a Century,’’ is to be read. 
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WATER TOWER AT THE SANDUSKY WATER WORKS, OHIO. 
MR. J. D, COOK, ENGINEER. 
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THE water supply for the town of Sandusky, Ohio, is 
drawn from Lake Erie, a wrought-iron main being laid 
from acrib in the lake to the well of the pumping station, 
a distance of 1800 ft. The arrangements of tanks and 
stand-pipe, which are very peculiar, are shown in the ac- 
companying illustration. The pumps indicated in the 
plan draw from the well connected with the main, and 
deliver into the pipe connected with the bottom of the 
tank; the arrangements of pipes and stop-valves are 
shown, and it will be seen that the flow of water can be 
directed through either of the branches by means of the 
valves and the connecting pipe. , The tank is a very 
imposing structure in the form of a tower with elaborate 
capital and masonry base. The shaft of the column is 
of steel 25 ft. internal diameter, and 208 ft. high, the 
thickness of the plates being g in., diminishing by ,, in. 
to ¥; in. at the top. The tensile strength of the steel is 
estimated at 70,000 Ib. per square inch, and the strain per 
square inch at bottom is 15,4001b. The net capacity of 
the tank is 765,000 U.S. gallons, In the centre rises a 
stand-pipe 3 ft. in diameter and 225 ft. high. The water 
can be pumped direct into the stand-pipe, through the 
smaller mains, and be used for distribution independently, 























Cay A 
as shown by the arrangement of pipes in the plan. The 
weight of steel used in the structure is about 190 tons, 


and the cost of the work was 9600/. 
city of Sandusky is 16,000. 


The population of the 








STEEL FOR SHIPBUILDING. 

Tue following report on the use of steel for shipbuild- 
ing, &c., has been prepared by the Chief and Assistant 
Surveyors of Lloyd’s Registry of Shipping : 

The Visitation Committee —s their recent visit to 
the various shipbuilding ports of this country, have paid 
much attention to the question of malleable steel, which 
material has been sanctioned by the Committee for building 
several vessels intended for classification in the register 
book. At the works of Messrs. John Elder and Co., on 
the Clyde, they had an opportunity, in addition to inspect- 
ing two steamers building of steel by that firm for classifi- 
cation, of witnessing a number of test samples of 
steel being used by them in building six war ships for the 
Royal Navy, manufactured by the West Cumberland 
Hematite Steel Company ; Bolton Iron and Steel Company ; 
Messrs. C. Cammell and Co. of Sheffield ; Landore Siemens 
Steel Company ; and the West of Scotland Steel Company. 

The results of these tests were of a most satisfactory 
character, and fully bore out the terms of high commenda- 
tion in which the Admiralty Inspector spoke of the quality 
of this material, and its suitability for shipbuilding pur- 
poses. 

A visit was subsequently made to the West pf Scotland 
Steel Works at Newton, where the process of steel manu- 
facture by the Sjemens-Martin process was observed from 
the aed of the ore to its completion into manufactured 
stee 


The main feature in the process of the manufacture of 
Siemens-Martin steel appears to consist in the hematite 
igs and other ingredients being melted in an open-hearth 
urnace heated by gas. The means are thus afforded of 
witnessing the metal during its fusion, and of taking test 
samples for the purpose of correctly ascertaining its state 
of carburisation, by chemical analysis. This condition is 
regulated by additional heating and thereby driving off 
excessive carbon or by the mixture of ferro-manganese 
during the progress of filling the cauldron from the furnace 
before running the metal into the ingot moulds. The 
charges consist of from five to ten tons each, and as the 
analysis referred to can be applied to each charge a 
uniform material can be obtained, and its degree of 
hardness or ductility very nearly ins ; 

In a paper read in 1876 before the Institution of Naval 
Architects by Mr. Riley, of the Landore Siemens Steel 
Com , the results of a large number of very severe 
tests of this material were exhibited showing extraordinary 





ductility, and it was stated that ont of 101 samples 
selected up to that time iy oe Admiralty Inspector, not a 
single lot of all that had placed before him had been 
rejected as smirse Lye satisfy their test. 

e experiments refi to were made at H. M. Dock- 
yard, Pembroke, and the results were considered to be 
eminently satisfactory by the Government officers. 


The Admiralty tests at present for steel are as follows: 
** Tensile and Extension Tests. 
‘*1, Strips cut lengthwise or crosswise of the plate to 


have an ultimate tensile strength of not less than 26, and 
not exceeding 30 tons per square inch of section, with an 


elongation of 20 per cent. in a length of 8 in. 
** Tempering Test. 
*©2. Strips cut lengthwise of the plate, 1} in. wide, 


heated uniformly to a low cherry red, and cooled in water 
of 82 deg. Fahr., must stand bending in a press to a curve 
of which the inner radius is one and a half times the thick- 
ness of the plates tested. ? 

**3. The strips are to be cut ina pplaning machine, and 
are to have the sharp edges taken off. : 

‘*4, The ductility of every plate is to be ascertained by 
the application of one or both of these tests to the shearing, 
or by bending them cold by the hammer on the contractor’s 
premises, and at his expense. 

**5,. All plates to be free from lamination and injurious 
surface defects. 

**6. One plate to be taken for testing by tensile, exten- 
sion and tempering tests from every invoice, provided the 
number of plates does not exceed 50. If above that number, 
one for every addition of 50, or portion of 50. Plates may 
be received or rejected without a trial of every thickness on 
the invoice. 

**7, The pieces of plate cut out for testings are to be 
of en width from end to end, or for at least 8 in. of 

ength. 

‘* When the plates are ordered by thickness, their weight 
is to be estimated at the rate of 40 lb. per square foot for 
plates of 1 in. thick, and in proportion for plates of all 
other thicknesses: the weight so produced is not to be 
exceeded, but a latitude of 5 per cent. below this will be 
allowed for rolling in plates of half-an-inch in thickness 
and upwards, and 10 per cent. in thinner plates. 

‘* These weights may be ascertained by weighing as much 
as 10 tons at a time. 


** Tests for Angle, Bulb, or Bar Steel. 

“The whole of the steel to stand a tensile strain of 
26 tons to the square inch, and not to exceed 30 tons to the 
square inch. 

‘Also to stand the extension and tempering tests 
described for plates. . 

** All the cross ends to be cut off. One bar is to be 
taken for testing from every invoice, providing the number 
of bars does not exceed 50; if above that number, one for 
every additional 50, or portion of 50.’’ 

Other experiments have been made under the supervision 
of surveyors to this Society, the results of which are 
appended, together with a tabular statement of the results 
of experiments made by Messrs. John Elder and Co. 

It may be stated also that a Committee was nominated 
last year by the Board of Trade and the Institution of 
Civil Engineers ‘‘ to consider the practicability of ussign- 
ing a safe coefficient for the use of steel in railway 


structures,’ consisting of Sir John Hawkshaw, Colonel 
Yolland, and Mr. W. H. Barlow, and a copy of their report 
is appended. 


From these documents and experiments, as well as from 
extensive inquiries that have been made among people of 
the largest experience in this kind of steel, it appears clear 
that by the present processes of steel manufacture, a malle- 
able description of steel can be produced of uniform 
quality, and possessing much greater strength with a far 

igher degree of ductility than the best wrought iron, and 
being in every way a most suitable material for shipbuilding 


purposes. 

In the Admiralty tests, as before stated, it is stipulated 
that both lengthwise and crosswise this steel is to te: an 
ultimate tensile strength of not less than 26, and not 
exceeding 30 tons per square inch of section, with an 
elongation of 20 per cent. in a length of 8in. The experi- 
ments show, however, that most of the steel referred to 
stood a tensile strength of nearly 28 tons and from this 
upwards per square inch; and the whole of our informa- 
tion, derived from the steel works, Government inspectors, 
and other reliable sources, goes to show that higher limits 
than at present can probably be placed on the tensile 
strength, and that the latter might perhaps be fixed 
hereafter at from 28 to 32 tons, or even higher, consis- 
tently with obtaining a material suitable for shipbuilding, 
and possessing far greater ductility and much greater 
uniformity than iron. 

A higher tensile strength than 26 tons per square inch 
appears desirable, if itcan be obtained without unduly 
sacrificing ductility, for the increased strength would 
assist the material against buckling and other strains, as it 
ewe from the printed report fey goa that an increase 

tensile h is accompanied by a similar increase of 
strength in other directions. It is stated in the same 
report, that a bar of steel which has 50 per cent. more 
tensile strength than a similar bar of wrought iron, will 
also have approximately 50 per cent. more strength in 
resisting compression, torsion, and transverse strains. 

The question of the application of steel in shipbuilding 
has on many occasions received carefnl consideration, but 
its adoption until within the last year or two always excited 
a certain degree of apprehension, because its uniformity 
could not be sufficiently depended upon. Although a 
certain quantity of the mate: supplied might be known 
to possess the pepe By im it was u 

© 


whether 
tes of a very haracter ht not be included 
wet others, and owing to Hie th arising from 





he steel altering in temper during the process of manipu- 
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lation, and the necessity for the plates and angles being 
annealed : ae, it was not deemed desirable to 
encourage its adoption. A very marked improvement has 
however taken place in the manufacture of steel since the 
development of the Siemens open-hearth process, by which 
the production of a uniformly ductile material can be 
practically insured, and this has led to such improvements 
in the manufacture of Bessemer steel that, so far as we can 
learn from all sources, its uniformity and ductility can 
now also be depended upon to a much greater extent than 
formerly. 

When investigations were made by the officers of this 
Society in 1868 as to the properties of steel for shipbuilding 
pa ses, considerable di‘liculties were found to exist owing 

the necessity for annealing the plates at the shipbuilding 
works. Inthe surveyor’s report to the committee on the 

subject, dated 24th April, 1868, they stated that the then 
ractical manager of the Bolton Iron and Steel Company’s 
orks, considered ‘‘The manufacturers of steel for such 
purposes should be required to properly anneal it before 
it is removed from their premises, and that it should be 
again annealed at the shipbuilding yard after it has been 
sheared and punched.” The removal of the necessity for 
these great precautions is considered to be one of the 
_greatest recommendations of the steel manufactured at the 
present time over that made formerly for shipbuilding pur- 


poses. 

The method adopted by the Admiralty to insure that the 
steel supplied to Her Majesty’s dockyards, and for ships 
building for the Government by contract, is of suitable 
quality, is to test it at the works of the manufacturers 
before reaching the building establishments ; and for this 
purpose resident ins rs have been appointed to watch 
the manufacture and to test the material before it is sup- 

lied. We have been favoured with extracts from the 

ks in which all these tests are recorded, and from them 

as well as from the statements of the Government officers, 

it appears that at all the works which have undertaken the 

mauufacture of this malleable steel for shipbuilding pur- 

s, when a fair start has once been made, the rejections 

ave been exceedingly few; in fact, they stated are to be 
practically nil. 

No doubt the presence of these officers has in a measure 
contributed to bring about such satisfactory results, but 
they show that, thanks to improvements in the mannufac- 
ture, it has now become possible to secure great uniformity ; 
and although the Committee will probably not deem it 
practicable to have the material tested at the manufac- 
turers’ works, as has been advocated by some, other means 
of a suitable character can be adopted, which would equall 
insure the material being satisfactory in strength, uni- 
formity, and ductility. 

To insure uniformity, it will be essential to lay down 
certain specific tests which the material should be required 
to stand, in connexion with any reduction in scantlings the 
Committee might allow, and provided the material be made 
to withstand the tests recommended hereafter, and the 
surveyors have full powers toselect samples for testing at 
any time, and proper facilities be afforded for testing the 
same, a general reduction of 20 per cent. in the main 
seantlings required for iron vessels, according to size, 
might safely be admitted by the Committee for ships to be 
classed in the register book. This reduction, however, 
could not be admitted in all parts of the vessel, nor for 
small vessels, and for this reason the drawings of every 
vessel proposed to be built of steel should be specially sub- 
mitted, showing all the details of the scantlings and 
arrangements for the approval of the Committee. 

In view of the fact that various descriptions of steel can 
now be manufactured to fulfil entirely different require- 
ments as to strength and ductility, and that it would be 
undesirable to recognise the material manufactured by one 
— or firm rather than another; or, on the other 

d, at least for the present, to recognise more than one 
standard of quality for the steel adopted, the application 
of this material in ships building for classification 
would be much simplified by the manufacturers affix- 
ing a special mark or designation on the plates 
and angles, denoting that they were of the particular 

uality required, and capable of withstanding the tests re- 
erred to. In the Committee’s interview recently at Glas- 
ow, with two of the directors of the West of Scotland 

teel Works, this question was raised, and although not 
decided at the time, there did not appear to be any insuper- 
able difficulties to such a course being adopted, and pro- 
bably the same would be found to be the éase with the other 
manufacturers. 

The advantages which would accrue from fixing a special 
mark on the material denoting its capability of standi 
the tests required by the Committee are, that it would 
afford a ready means at any time for identification of the 
material ; it would considerably lessen the chances of hard 
brittle patos or angles becoming intermixed with the 
materia supplied ; and it would be to a certain extent a 

arantee that the conditions and the tests required by the 

mmittee were being borne in mind dv ring the manufac- 
ture of the material for shipbuilding purposes. It is not 
proposed by this recommendation that tow much importance 
should be attached to this special mark, or that it should 
in any way relieve the local surveyors from the responsi- 
bility of having tests made from samples of the actual 
material supplied for use in the ships building under their 
survey, so as to insure its being of the quality approved b:; 
the Committee; but it is thought in a matter of so muc 
importance, and in view of the many qualities of steel 
manufactured, every step which can be taken tending to 
secure uniformity of quality in the material supplied for 
ships building for classification in the register k, will 
commend itself to the approval of the Committee. 

In the case of the steel ships at present building under 
survey, careful tesis are being made, and samples of the 
sane have been forwarded for the inspection of the Com- 
mittee ; and similar tests should, it is considered, be made 


under the inspection of the Society’s surveyors in the case 
of every steel ship to be built for classification, whatever 
other guarantees may be offered by the builders or steel 
manufacturers. 

Up to the present time it appears the Government have 
adhered to the adoption of iron rivets, and the reason 
assigned is that it has been found the stronger steel rivets 
will not stand percussive tests quite as well as iron rivets. 
This has; however, been tested to a certain extent, under 
the inspection of one of the Society’s engineer surveyors, 
who states that the experiments, although comparatively 
limited in number, convinced him and the others present 
that “‘so far as jarring was considered and also shearing, 
that steel rivets could safely used,’’ and this opinion 
is borne out by that of the Admiralty inspector consulted 
in the Clyde. 

Another objection urged to the use of steel rivets is that 
the steel is overheated, becomes brittle, and loses its malle- 
ability, and so cannot be rivetted up. Iron rivets also, 
however, become injured by overheating, but at a higher 
temperature, and not to a an extent as to prevent their 
being rivetted up, although a rivet so finished would 
necessarily be an imperfect one. In this latter respect, 
therefore, the steel rivet has an advan over those of 
iron, from the very fact that once it has n injured by 
overheating, it cannot be used atall. In view, however, 
of the statements respecting concussive strains on steel 
rivets, it would appear to be on the whole preferable to 
adhere for the present, and until further experience has 
been gained on the subject, to the use for steel ships of 
rivets of the size that would be required by the Committee 
for the vessels if built of iron. 

After a full and careful consideration of all the facts re- 
lating to the use of steel for shipbuildin Fe a which 
have been brought under our notice, om rom the infor- 
mation and experience already gained on the subject, we 
beg to submit that, although in our opinion the time has 
not arrived to issue tables of scantlings and definite ruls 
for steel ships, still in view of the many inquiries we re- 
ceive respecting the use of this material, and the general 
desire expressed by the steel manufacturers, builders, and 
shipowners to learn the conditions under which the Com- 
mittee would be prepared to sanction its use in vessels in- 
tended for classification, the proposed circular appended 
has been prepared for the Committee’s consideration, 
as being in our opinion suitable for circulation at the 
present time, provided it meet the approval of the Com- 


mittee. 
rmitted to add that while, 


In conclusion, we may be 
from all the information we have been able to gather, this 
way most suitable for 


material appears to-be in eve’ 
shipbuilding purposes, and one which merits the encourage- 
ment of the Committee, our data are not so complete as to 
enable us to recommend at present a greater reduction than 
stated in the proposed ci ; and it is felt to be desirable 
in order to obtain a more extensive knowledge of the 
properties of this material, more particularly as manu- 
factured by the Bessemer process, that one or more of the 
Society’s surveyors should be directed to visit some of the 
principal steel manufacturing establishments in order to 
report more fully thereon for the more complete information 
of the Committee. 

BENJAMIN MARTELL, 

Chief Surveyor, Lloyd’s Register. 
Harry J. CornisuH, } Assistants to 
WILLIAM JOHN, Chief Surveyor. 
Lloyd’s Register of British and Foreign Shipping, 
2, White Lion-court, Cornhill, London, 

October 1, 1877. 

Luiorp’s REGISTER OF BRITISH AND FOREIGN 
SHIPPING. 
Ships built of Steel. 

Notice is hereby given, that the Committee of this 
Society have this day passed the following resolutions in 
regard to the classing of ships built of steel : 

1. In all cases where it is pro to build ships of steel 
for classification in the register book, a sketch of midship 
section with longitudinal plans showing the details of the 
scantlings and arrangements, must in the first place be 
submitted for the approval of the Committee, and the vessei 
so approved must be built under special survey. 

2. A general reduction of 20 per cent. in the thickness of 
the plating, frames, &c., of ships built of steel from that 
prescribed in Tables G1, G 2, G3, and G4, for iron ships 
of the 90A grade or above will be allowed, subject to such 
modifications as may be deemed necessary by the Committee, 
according to the size of the vessel, when the plans, &c., are 
submitted for their approval.* 

3. The steel to be used in ships building for classification 
in the 4 pe book, will be required to stand the following 
tests, to be applied under the personal i tion of the 
surveyors to the Society, to samples select y them when- 
ever deemed by them to be desirable. 


Tests. 

Strips cut lengthwise or crosswise of the plate, and also 
angle and bulb steel, to have an ultimate tensile strength 
of not less than 26, and not exceeding 30 tons per square 
inch of section, with an elongation of 20 per cent. before 


fracture. 

Strips cut from the plate, le or bulb steel to be heated 
toa low cherry-red, and cooled in water at 82 deg. Fahr., 
must stand bending double round a curve of which the 
diameter is not more than three times the thi of the 
plates tested. 

4. No reduction will be allowed in the sizes of rivets from 
those which would be required by the rules for the vessels 
if built of iron. 


* The rivets, keel, stem, sternpost, rudder, and pillars, 
and the girders and top of inner bottoms, may be of iron of 
the usual size, but no other parts of such ships are to be of 











iron without the special sanction of the Committee. 








5. In other respects the rules for the construction of iron 
ships will apply — to ships built of steel. 
y order of the Committee, 
BERNARD WAYMOUTH, 


2, White Lion-court, Cornhill, London, E.C., ” 
November 1, 1877. 





NOTES FROM THE NORTH. 
Giasacow, Wednesday. 
Glasgow Pig-Iron Market. — The pig-iron warrant 
market was quiet at the oe last Thursday. At first 
the price was paid down, but holders very soon regained 
}d., which was ultimately lost. Business was done in the 
morning at 52s. 1d. to 52s. 14d. cash, and at 52s. 4d. to 
52s. 5d. one month, closing sellers at the advanced figures. 
Prices receded in the afternoon to 52s. 1d. cash and 52s. 4d., 
one month, and the market closed, sellers at those prices 
and buyers at 52s. cash, and 52s. 3d. one month. The 
market opened on Friday rather quieter, but improved, and 
closed the same as on Thursday. Inthe forenoon business 
was done at 51s. 11d. to 52s. cash, and 52s. 3d. one month, 
closing sellers 52s. 1d. cash and 52s.4d. one month. Busi- 
ness was|done in the afternoon at 52s. 1d. — days, and 
52s. 4d. one month, and the market closed with sellers 
at 52s. 1d. eight days and 54s. 4d. one month, buyers 
1d. per ton less, and the week closed with prices 
ld. per ton under the closing prices of the previous 
Friday. On Monday forenoon the market was steady at the 
opening, and subsequently improved, when a fair amount 
of business was done in warrants at 52s. to 52s. 1d. cash, 
also at 52s. 3d. one month, closing with sellers at 52s. 1d. 
rompt, and 52s. 4d. one month, buyers offering 1d. per ton 
on. The market was also steady in the afternoon, and 
business was done at 52s. 1d. cash, closing buyers at 52s., 
sellers 52s. 14d. Coltness No. 3 brand was advanced in 
price 6d. per ton by the makers. Yesterday’s market was 
very firm at the opening, and improved 3d. per ton. Busi- 
ness opened at 52s. 14d. cash, and holders increased prices 
to 52s. 3d. cash and 52s. 6d. one month, at which prices the 
market closed in the morning rather in buyers’ favour. In 
the afternoon, 52s. 4d. cash was the only quotation, and 
the market closed with sellers at that price and buyers at 
52s. 3d. cash. There was a very firm market this forenoon, 
when a good business was done in warrants at 52s. 5d. to 
52s. 4d. cash, also at 52s. 8d. to 52s. 6}d. one month, closing 
with sellers at 52s. 4$d. cash and 52s. 7d. one month, 
buyers offering 52s. 4d. and 52s. 64d. respectively. The 
market continued firm during the afternoon, with business 
done at 52s. 5d. cash and 52s. 7d. one month open, 
closing buyers at those prices, sellers 1d. per ton more. 
Makers have advanced the price of No. 1 Coltness 1s. per 
ton. A good business has been done since last report, and 
during the latter part of last week there was a fair amount 
of investment noticeable, but it was well met by sellers 
who anticipated still lower prices. There has been only a 
limited amount of business done in shipping iron. Ship- 
ments continue on a small scale, but it is supposed that 
they are sufficient to carry off the present restricted pro- 
duction. The tone of the market during the last two days 
has produced a good effect. The stock of pig iron in 
Messrs. Connal and Co.’s public warrant stores continues 
steadily to increase, and up till last Friday evening it 
amounted to 165,382 tons, thus showing an increase for the 
week of 870 tons. There is no change to note in the 
number of blast furnaces in operation, the total still being 
88 as compared with 118 at the same time last year. Last 
week’s shipments of pig iron from all Scotch ports amounted 
to 8273 tons, as against 9284 tons in the corresponding 
week of last year. 


The Malleable Iron Trade.—The large finished iron 
works in the Motherwell district have been fairly employed 
during the past month. In Shieldmuir and Milnwood 
Iron Works, which are chiefly employed in the manufac- 
ture of sheet-iron for foreign consumption, the men are 
a ey bey time. The Motherwell Iron Works, belong- 
ing to the Glasgow Iron Company, and Dalziel Iron Works 
(Mr. Colville’s) are also well occupied. In the Coatbridge 
district, where most of the firms depend upon the Clyde 
shipbuilding trade, the works are very irregularly occupied, 
on in consequence of the new dispute with the Clyde 
rivetters, notice was on Saturday posted up in Coats Iron 
Works (Mr. Jackson’s), intimating that in fourteen days 
from date the men would be free of their engagements. 
It is reported that some orders are arriving from Russia 
for locomotive tubes, and thus there will be more activity 
at the works where strips are produced for conversion into 
tubes in the Glasgow and Coatbridge districts. 


Progress of Clyde Trust Works.—The usual monthly 
meeting of the Clyde Trust was held yesterday, and as it 
was ina sense the occasion of Lord vost Bain closing 
his municipal career, or rather his attendance at the Trust 
meetings, in his capacity as a member of the Town Council, 
Mr. David Rowan, engineer, the deputy chairman of the 
Trust, took advantage of that circumstance to refer briefly 
to the ability of that gentleman in assisting to conduct the 
business of the Trust, and the progress which the harbour, 

> made during the time that Mr. Bain attended the 
meetings. He said they were all perfectly conscious of the 
vast amount of information and the entire knowledge of 
details which his lordship in reference to the 
business of the Trust, and they were all aware of the 

+ activity and energy displayed by him in forwarding 
fhe interests of the Trust. They read with pleasure 
the remarks made at the last Council meeting by Sir James 
Watson and Bailie Collins, and he was sure every one there 
concurred with these remarks. 








Locomotives ON THE MaIn CenTRAL RatiRoaD.— 
The Main Central Railroad Company owns 60 locomotives. 
Of these engines 16 are coal burners and 44 wood burners. 
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13th, at 8 A.M. Opening Meeting Session, 1877-78. “Review of the 
Progress of Steam Shipping during the last Quarter of a Cen- 
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CONTINUOUS RAILWAY BRAKES. 

TE solution of the important problem of efficiently 
controlling trains, and thereby insuring the safety of 
railway passengers, is still deferred, and the true 
bearings of the question remain clouded in a mist of 
aap a and personal interest. This is much to 
e regretted, but we fear this condition of things is 
unavoidable. As regards locomotive superinten- 
dents, with whom rests much, we may say too much, 
of the responsibility of accepting or rejecting cer- 
tain appliances, we believe that while a few may 
allow their own personal prejudices to hamper 
their course of action, nearly all are actuated by the 
strong and honest desire to accept the best means 
open to them, and to employ the most reliable ap- 
a for controlling trains. In too many cases, 
however, they are withheld from carrying this wish 
into effect by uncertainty as to what will be done 
elsewhere, by the apprehension that the selection 
they may make may not be the best one,- and by 
the fear that if they adopt any given course, and 
involve their company in the expense of applying 
any given system to the rolling stock under their 
control, they may find themselves singular in their 
choice, and liable’ to all the inconveniences arising 
from this isolation. 
During the present year, however, the question 
of applying continuous brakes has been very 
sensibly advanced. Important official trials have 
been conducted and the results published ; locomo- 
tive superintendents have gained more experience 








with the systems they have experimentally adopted ; 
the relative costs of application and maintenance 
have become known; the relative efficiency and 
non-efficiency of the different systems have developed 
themselves. The public too have .become more 
alive to the necessity of something being done 
for their protection, the Royal Commission has laid 
down certain precepts, and the Board of Trade, 
by advice, caution, and active censure, has brought 
strong pressure to bear upon the railway com- 
panies. Meantime the choice at the disposal of the 
latter has become more clearly defined, and two rival 
systems have been brought very prominently forward 
—the Westinghouse automatic and the Smith vacuum, 
With the construction and mode of working these 
our readers are perfectly acquainted. So far as 
the relative efficiency of the two systems is con- 
cerned, there is no room for discussion, practice has 
settled that the automatic fulfils all the conditions 
and requirements of a perfect continuous brake, 
and that the vacuum does not. On the other hand, 
the latter is, comparatively speaking, an efficient 
contrivance for stopping a train, and a vast im- 
provement over the present system of hand brakes, 
In addition to this it has been alleged that it is very 
cheap in application, and costs practically nothing 
to maintain, and this assurance, coupled with the 
fact that the vacuum brake is an undoubted means 
of security (although it is sometimes a cause of 
danger), has, doubtless, inclined locomotive superin- 
tendents to look favourably upon it. We shall have 
something to say presently upon this question of 
first cost and maintenance. 

It is not a little remarkable, and it is a fact 
not harmonious with the feelings of English en- 
gineers, that the two brakes recommending them- 
selves for adoption are of American origin. We 
would have preferred to see both these Americans 
who have come over here to force an application of 
their systems upon our railway companies, beaten 
thoroughly out of the field by English ingenuity. 
But unfortunately there appears noprospect of sucha 
competition arising, and we are left to choose between 
those at our disposal. Now we cannot wonder, consi- 
dering what our past experience has been in many 
of our dealings with Americans, that this feeling of 
distrust and prejudice exists. It is not merely sen- 
timental, it is founded on many an untoward and 
costly experience of the past, and the fear of 
similar experiences in the future. And when we see 
the representative of one of these systems adopting 
the traditional policy of his country, and meeting 
criticism with abuse—abuse of men prominent in 
their profession, and journals which he apparently 
forgets are neither American nor venal—we do 
not wonder that our railway engineers feel a repug- 
nance to commit themselves. But there aré Ame- 
ricans and Americans, and between Mr. Westing- 
house the engineer, and Mr. Yeomans the mer- 
chant, there is a wide difference, The one is 
eminent as a mechanical engineer ; he has devised 
every detail of the brake he has introduced almost 
universally into America, and is introducing here ; he 
has followed the question diligently and minutely 
from day to day, perfecting his appliance by the 
light of his experience, until that which he now 
offers to the English public is, compared with other 
arrangements, perfect. The other, acute as a mer- 
chant, does not assume any engineering know- 
ledge, but having identified himself with the 
Smith vacuum brake, he with true and laudable busi- 
ness instinct, desires not to be associated with a 
failure. 

We are led to make these strictures upon Mr. 
Yeomans because we notice that he has lately 
issued a circular in which he throws unworthy 
imputations on the Zimes and ourselves, while—having 
failed, we presume, in this country to obtain space 
for his productions in any newspaper—he throws 
himself upon the pages of our esteemed contemporary 
the Revue Industrielle, which gives‘him the desired 
opportunity, with the significant warning, however, 
that it is not responsible for what he says. 

First as regards the circular above referred to. 
It commences, “ Sir,” —it is not apparent who “ sir” 
is—‘‘ Below I beg to give you extracts from the 
Times and ENGINEERING newspapers, also from the 
Board of Trade reports, the continued and seemingly 
wilful misrepresentations by the above-named news- 

pers calls for this on m .” Then follows an 
extract from the Times about the Kirkstall Abbey 
accident, a similar one from our own , and 
an extract from the Government Inspector's report 
on the same accident. Then we have an extract 
srom Captain Tyler's report on the Heeley accident, 


After this Mr. Yeomans strikes in, ‘‘ Compari 

are odious -< certainly think they would so to 
the newspapers referred to.. In their blind zeal to 
further the interests of the Westinghouse brake they 
seem to forget that the truth can only be hidden by 
them for a very short time and that very soon 
Government and railway officials as well as the 
general public will find out that this brake they try 
so hard to serve is more or less a brake for experi- 
mental trials when it is properly managed for the 
occasion in both of the above accidents the reports 
of the Government Inspector go to show that this 
brake does not meet the requirements of the Royal 
Accidents’ Commission in being able to stop a train 
under any circumstance within 500 yards.” We 
may incidentally remark that Mr, Yeomans’ compo- 
sition would be improved by judicious punctuation, 
the meaning of the above extract as it stands being 
rather involved, 

In his communication to the Revue Industrielle, 
Mr. Yeomans essays a yet higher flight. In the 
second paragraph we meet with this astounding 
statement. ‘ You stated,” he says to the Revue, 
‘in your issue of the 8th August, on the autho- 
rity of ENGINEERING, that comparative trials (be- 
tween the automatic and vacuum brakes) had been 
made on the North-Eastern Railway. ought to 
tell you that these trials had existence only in the 
imagination of the editor of ENGINEERING!!” What 
can we say to this? Let us quote from our con- 
temporary Zhe Engineer’s article on the subject, and 
published by shew Suly 6th last. ‘The North-Eastern 
Railway, having in the last few years tried several 
systems of continuous brakes, have lately made trials 
under precisely similar conditions of the Westing- 
house automatic and Smith’s vacuum brakes.” The 
Engineer then proceeds to give a description of these 
trials (which it will be remembered were not con- 
ducted at the same time), and gave as the result of 
comparative excellence, Westinghouse 62, Smith 51. 
After this statement we shall be prepared to hear 
that the comparative trials at Newark, on the North 
British Railway, in Belgium, in Germany, and wher- 
ever indeed the two systems have come into competi- 
tion, are imaginary, as well as the results of working 
obtained by Mr. Drummond on the North British, 
in working and maintaining both brakes. After de- 
scribing the arrangement and advan of the va- 
cuum brake, andmaking a statementas to its adoption 
in this country, a statement which, coming so soon 
after that regarding the North-Eastern trials, does 
not cause us so much wonder, Mr. Yeomans repeats 
the extracts above referred to as having appeared in 
his circular. He then gives statements of alleged 
results obtained with the Smith brake, and of which 
we need only say, that though they appear to glow 
with the writer's spirit of romance, they might have 
been recorded, and he concludes his letter in the same 
poetic strain by a reference to the practical success 
of the brake in this country. Thus Mr, Yeomans 
refers to the vacuum on the Metropolitan Railway, 
but he does not mention that the District Rail- 
way was fitted with the Westinghouse brake a 
year before, and that any unprejudiced observer 
watching the behaviour of the trains fitted with 
these systems can judge for himself which is the 
better of the two. 

We now come to consider Mr. Yeomans’ allega- 
tions against the Zimes and ourselves, judging from 
the extracts he himself furnishes, 1. ‘The Kirkstall 
Abbey accident. In our issue of October 12th last, 
we wrote, ‘‘ The driving axle of the leading engine 
of the Scotch up Midland express—a long and heavy 
train on the occasion drawn by two engines—broke 
in two. The train was fitted with the Westinghouse 
automatic air brake, and this was applied at its full 
force by the driver as soon as he felt the shock of the 
fracture, No injury,was done to the train, which 
was brought to an absolute rest within 100 yards.” 
The Times report of this accident is practically 
similar to the above. General Hutchinson’s report 
is as follows: ‘The train, which was running at a 

ed of about 50 miles an hour, was stopped in a 
diutanes of 670 yards from the point at which if is 
supposed the axle broke... . . It thenappears,... 
that with the aid of the atmospheric brake (which, 
however, the driver does not appear to have at once 
applied) the train was stopped without further 
accident after running 670 yards, or perhaps 500 yards, 
after the application of the brake,” This is how the 
ingenious Mr. Yeomans in this circumstance 
(we quote from his circular) : ‘In the Kirkstall Abbey 
case the report states the train ran 670 yards after 
the driver applied his brake with full force and-this 





with only a speed of 50 miles an hour thus proving 
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COST OF APPLICATION OF VACUUM AND AUTOMATIC BRAKES ON SIMILAR TRAINS, ON THE NORTH BRITISH RAILWAY. ALSO COST OF 
RENEWALS AND MAINTENANCE QF BRAKES ON THE TWO TRAINS DURING SIX MONTHS ENDING JULY 31, 1877. MR. D. DRUMMOND, 


LOCOMOTIVE SUPERINTENDENT. 
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its lack of requisite power in ordinary working to 
meet the Government requirements.” Now if Mr. 
Yeomans had only looked things square in the face, 
he would not have advanced this case to damage the 
automatic brake ; it is an illustration of the mistakes 
into which men fall who go out of their line—oil or 
otherwise—to take up business they do not under- 
stand. But with his limited knowledge of the sub- 
ject, Mr. Yeomans must be aware that even the 
vacuum brake would have pulled up the train in a 
less distance than 670 yards, while he also knows 
from the information worked up for his benefit, by 
locomotive and other engineers, who do understand 
the question, and who are not influenced by any pre- 
judices, that the Westinghouse automatic, if it had 
om applied with full force, must have stopped the 
train in a far shorter distance. The actual facts of 
this case are very obscure, the point at which the 
axle broke was assumed to be 670 yards behind the 
= of stopping, but the driver does not appear to 
ave at once applied the brake, only putting on in 
full force after feeling the shock, and as the Board 
of Trade suggests, after running 270 yards forward 
with a broken axle. The Zimes statement and our 
own, that the brake was applied for only 
100 yards, may possibly be incorrect—it was 
based on the local information obtained at the 
time of the accident, But we will even accept 
General Hutchinson's figures that the brake had 
been applied for perhaps 500 yards (one of the 
officials gives the distance as 300 yards), but that isa 
very different matter to the statement that ‘the 
train ran 670 yards after the driver applied his 
brake with full force.” Thatis nota true statement, 
and no ingenious perversion of facts can make it 
appear true. 2. About the Heeley accident there 
is less ambiguity. Mr. Yeomans quotes from our 
article of October 12. ‘* On the other hand, atten- 
tion is directed to those instances which have 
occurred, in which the advantages of automatic 
action have been illustrated. The first is that at 
Hevley, when the leading wheels of the truck of a 
Pullman car dropped between the rails and the front 
part of the train, which was travelling at 60 miles 
an hour, went forward, whilst’ the rear carriages 
under the influence of, the automatic brake came to 
a stand immediately behind the car.” We are un- 
aware how Mr, Yeomans ca: consider this a 
‘* wilful misrepresentation” of facts. Let us quote 
his comments on the accident. ‘ In the Heeley case 
the brake ‘became applied’ but it was not shown 
whether it was applied immediately before the train 
broke in two or automatically by the breaking in 
two of the train yet after it was applied with fa 
force the rear portion of the train part of which at 
least was off the rails ran upwards of 200 yards 
was only stopped by running into the station plat- 
form the front portion with the brake on with full 
(os ran nearly 1000 yards and was only stopped 

y the driver reversing his engine,” In this, as in 
the Kirkstall Abbey case, Mr. Yeomans knows that 





the vacuum brake would, if on “ with full force,” 
have stopped the train in less than 1000 yards, and 
therefore he must know that the automatic would 
stop it in a much shorter distance. Mr. Yeomans 
adds, ‘It is a remarkable fact that Captain Tyler 
in his report upon this accident does not mention 
this apparent want of power in the brake.” 
Captain Tyler’s opinion of the accident and the 
action of the brake was expressed by him in the 
course of the paper he read before the Society 
of Arts on continuous brakes last April. He 
said, ‘‘At Heeley the train was travelling at a 
speed of 60 miles an hour, when in consequence 
of the road giving way ,under the engine, some of 
the carriages suddenly left the rails; the first thing 
that attracted the attention of the head guard riding 
in the hind van, was the automatic action of his 
brake. The brake became acquainted with the 
damage before the man knew anything about it, and 
by its prompt action converted what would other- 
wise have been a terrible destruction of vehicles 
with considerable loss of life into an accident accom- 
panied by comparatively little damage to the rolling 
stock or injury to the passengers.” That is Sir 
Henry Tyler's opinion about the ‘apparent want 
of power” of the brake. 

e regret very much that our sense of duty to 
the public and the railway companies should lead 
us into the expression of opinions counter to Mr. 
Yeomans’ interest, but we believe that even he will 
admit that the question of continuous brakes in- 
volves points of far more importance than individual 
interest. Possessing as he does a keen commercial 
instinct, and an enthusiastic belief in the very in- 
genious contrivance he represents, but not posses- 
sing a full knowledge of the subject, he resents 
bitterly any adverse criticism of the brake iden- 
tified with him, just as he would resent any just 
criticism that might interfere with the sale of oil 
or any other commodity he may have in the 
market, and he—unable to see the real interest at 
stake — abuses in characteristic fashion those 
who, acting in accordance with a clearly defined 
duty, point out, not so much the actual defects of 
the vacuum brake, but the superior advantages of 
the automatic. Now, however, that we see Mr. 
Yeomans fall into the serious error of committing 
himself to rash statements, in a matter where 
actual fact is of the highest moment, it will be 
our duty to watch him narrowly and check the 
mischievous effects of such a policy. Were his 
brake the best one we would be only too happy to 
say 80, were it the only one in the field we would 
advocate its adoption, but it is not the best and it is 
not the only one, and its adoption would be a mis- 
fortune to railway interests and to the public. 

We will conclude this somewhat protracted article 
by a reference to one or two points in Mr. Yeomans’ 
letter to the Revue Industrielle. He says, ‘ the 
(vacuum) brake costs less to establish than any other; 
the maintenance is very small or nothing.” Let us 








test this statement, With regard to the wear of the 
bags we have no available data; they may wear as 
well as has been claimed for them, or they may not, 
for our part we doubt their durability or reliability. 
We will quote Mr. Yeomans himself on this point. 
He says in a circular he issued in June last: “ It 
has been publicly stated that our sacks become 
rotten or unfit for work in the case of their appli- 
cation to carriages which have lain by exposed and 
unused for some time, we request you will refer to 
the North-Eastern Railway Company as to their 

erience on this point, who fitted a train with our 
brake in April, 1875, which was only put to work in 
June, 1877, and which thus lay aside for two years and 
ten months, and yet the sacks were found in perfect 
order at the expiration of that period.” ‘The italics 
are ours. 

It appears that a train was fitted with the vacuum 
brake in April, 1875, and the ¢rain was put to work 
in June, 1877, but not with the same brake gear. The 
original brake was never used after one or two trials, 
and all the bags, &§c., were taken off and new ones put 
on the same carriages without again trying the old ones. 
This is the reply obtained from the source to which 
Mr. Yeomans refers for corroboration of his state- 
ment, and though we do not for a moment desire to 
draw the inference that Mr. Yeomans deliberately 
wished to mislead, we have here an illustration of 
rashness in making assertions without due con- 
sideration. As to the other portions of the ap- 
paratus. It will be remembered that after the 
trials on the North British Railway, Mr. Drummond 
announced his intention of running the two trial 
trains for the same length of time, and under 
precisely similar conditions, to ascertain the cost of 
maintenance, &c. We annex the result of this 
experience, as well as the actual cost of fitting up the 
brakes, premising that the cost of labour is excessive 
on account of the work being done in overtime. 
This remark applies to both brakes. 

These figures are very curious and instructive. 
In the first place we see that while the cost of ap- 
plication to the engine was nearly double in the 
case of the vacuum, the automatic carriages were 
more expensive, bringing the difference in favour 
of the former to 60/. in the eleven vehicles, The 
nature of the repairs done during the six months to 
which the account refers, was almost exclusively 
for brake gear and fittings in the vacuum, and 
almost exclusively for brake blocks in the auto- 
matic. Now it may be urged that the renewal 
of brake blocks should not be chargeable to 
the repairs, but as the more or less rapid wear 
of these is a certain measure of the efficiency 
of the brakes, if doing the same work, it may 
be fairly counted as a charge, and a very useful 
charge too. Now we find that only two vacuum 
carriages were supplied with fresh brake blocks 
while the automatic wore out no less than six sets. 
So far, therefore, the total cost of repairs of the 
vacuum amounts to 2/. 17s. 8d., while'the automatic 
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was 5/. 19s. 3d., of which 4/. 4s. 6d. was for new 
blocks, and 1/. 7s. 9d. for all the other repairs. But 
94 connecting india-rubber tubes, value at 5/. 8s., 
were worn out by the vacuum during the six months, 
bringing up the total maintenance to 8/. 5s. 8d. as 
against 5/. 12s. 3d., or deducting the brake block 
renewals on each side, 1/. 7s. 9d. for the automatic 
and 6/. 17s. 6d. for the vacuum, showing that the 
latter has cost five times as much as the former to 
maintain. 

In this matter of continuous brakes the actual 
truth is what all those persons interested in the 
question should seek to obtain, and the thanks of 
the railway world are due to Mr. Drummond for the 
valuable information he has thus afforded. Possibly 
Mr, Yeomans may say that these results, too, are 


imaginary. 








ELECTRIC TELEPHONY. 

On Wednesday the 31st ult., the Society of Tele- 
graph Engineers convened a special general meeting, 
for the purpose, as was. gracefully put by its 
President, Professor Abel, C.B., F.R.S., in his in- 
troductory remarks, of according to Professor 
Graham Bell a welcome to England, and at the 
same time affording the members of the Society an 
opportunity of hearing from him the nature, history, 
and development of what may well be called one of 
the most inieresting discoveries of the age. 

The lecture hall of the Institution was crowded 
to overflowing, the gathering being one of, if not the, 
largest known since its opening. Amongst those 
present were Professor Tyndall, F.R.S.; Professor 
Stokes, M.A., F.R.S.; Professor Huggins, F.R.S. ; 
Dr. Hugo Miller; Professor Hirst, F.R.S.; Dr. 
Frankland, F.R.S.; Professor Grote; Lieutenant- 
Colonel Elles; General Younghusband, C.B., 
F.R.S.; Sir James Stokes, K.C.B., R.E.; General 
Holland; Colonel Hay, R.A.; Colonel Alderson, 
R.A, ; and many others of well-known reputation. 

The lecturer commenced his address by ob- 
serving that for many years past his attention had 
been directed to the subject of sound and tele- 
phony. Years since he was engaged in experiments? 
along with his father, Mr. A. Melville Bell, of 
Edinburgh, concerning the mechanism of speech. 
Together they carried out a number of experiments, 
the object of which was to discover the correct 
mechanism of English and foreign sounds. Amidst 
these investigations came at that moment vividly 
before his mind that affecting the musical relation 
of vowel sounds. Each vowel when whispered 
seems to have a particular pitch, and in determin- 
ing to ascertain the pitch of each vowel sound he hit 
upon an expedient which, at that time, he thought 
to be original with himself. It consisted in vibrat- 
ing a tuning-fork in front of the mouth. He found 
that each vowel sound represented some particular 
tuning-fork, For some time these researches were 
continued, when he wrote an account of them to Mr. 
A. J. Ellis, and who informed him that he was 
merely repeating experiments already made by the 
distinguished German Professor Helmholtz, whom, 
Mr. Ellis stated, had gone even further, for not con- 
tent with analysing the vowel sounds he had per- 
formed the syntheses of them, and by means of the 
electric current had artificially reproduced many of 
them. Well did Professor Bell remember the in- 
terview which he shortly afterwards had with Mr. 
Ellis in London, in which he tried to explain to him 
the means by which Helmholtz had achieved these 
results, At that time he was too slightly acquainted 
with the science of electricity fully to understand 
the explanations so kindly afforded; but the inter. 
view had the effect of arousing in Professor Bell an 
interest in the subject of electric telephony, and of 
inducing him to study electricity. 

In Canada, where Professor Bell resided for many 
years, he carried on a series of experiments, seeking 
to reproduce many of Helmholtz’s results, but with- 
out success, An idea had, however, occurred to him 
before leaving England, that it would be of great 
practical utility to be able to transmit musical tones 
in the way Helmholtz had done. It occurred to him 
that not only might tuning-forks be set in motion in 
the manner employed by Helmholtz, but that the 
strings of a piano might be set in vibration—that it 
might, in fact, be possible to play a piano by 
electricity. If that result could be achieved, it 
seemed that even a greater result might be attained. 
Why should not chords as well as single notes be 
produced from that piano? It occurred to him that 
it might be possible, not merely to transmit a single 


musical tone, but to transmit even chords, and hence 








it might be possible to transmit a number of tele- 
graph messages simultaneously by giving to each 
message a different musical pitch, and that he 
would thus be able to send along the wire as many 
messages simultaneously as he could transmit 
musical tones. It was this practical end Professor 
Bell had in view when he commenced his researches 
in electric telephony. 

In examining the various ways by which musical 
tones can be produced by the electric current, the 
first thing which strikes one is, that a vibration 
must be produced at the receiving end. Investiga- 
tion had shown him that there existed no less than 
nine varieties of, what may be termed, telephonic 
currents, ‘These he divided into three prima 
varieties, designated as ‘‘intermittent,” “pulsatory,” 
and ‘‘ undulatory ;” each of which is again divisible 
into ‘‘ positive,” ‘* negative,” and ‘‘ reversed.” 

Intermittent currents are characterised by the 
alternate presence and absence of electricity. Pul- 
satory currents result from sudden or instantaneous 
changes in the intensity of a continuous current. 
Undulatory currents are currents of electricity, the 
intensity of which is proportional to the velocity of 
the motion of a particle of air during the production 
of asound. Thus the curve representing graphi- 
cally the undulatory current for a simple musical 
tone is the curve expressive of a simple pendulous 
vibration—that is a sinusoidal curve. 

It would seem that all previous investigators had 
employed intermittent or pulsatory currents in 
their efforts to produce sound by the aid of elec- 
tricity. Inthe conception and employment of un- 
dulatory currents, Professor Bell stands alone. It 
was the conception of this peculiar species of 
telephonic current which rendered feasible the arti- 
ficial production of articulate speech, When a 
large number of musical tones are transmitted by 
a pulsatory, current, the effect is equivalent to a 
continuous current of minimum intensity; but 
when undulatory currents are employed the effect 
is different. The effect of transmitting musical 
tones by undulatory currents is not to obliterate 
the current, but to change the curve of the electric 
vibration. A similar effect is produced when the 
reverse undulatory current is employed; and then 
it becomes by this means theoretically possible to 
send a larger number of musical tones along the 
same wire than by any other ee. 
; Gradually it dawned upon Professor Bell that not 
only musical tones, but articulate speech, might be 
transmitted along a telegraph circuit by the use of 
undulatory currents of electricity, The combina- 
tion of two undulations for two musical tones 
produces electrical vibration of different shades— 
in fact the eff€et is analogous to the effect produced 
on the air by musical tones; and it at once oc- 
curred to him that if it were possible to vary the 
intensity of the electric current in a similar manner 
to the variation of the density of the air during the 
production of various sounds, he would secure the 
transmission of various sounds electrically. 

By the aid of drawings and diagrams thrown 
upon the screen, the arrangement adopted by Helm- 
holtz was here explained. It occurred to Professoz 
Bell that this arrangement would be greatly sim- 
plified if he made the tuning-forks themselves 
vibrate with different degrees of intensity, and for 
some time he worked with this object. His first 
idea of an articulating telegraph consisted of a 
harp of solid strings, a puma magnet being 
attached to the poles—the same at the receiving 
end; each of these rods, or wires, like the tuning- 
fork, to be of a certain definite pitch. Suppose you 
touch with the finger one of these rods it will 
vibrate with a musical tone. That would produce 
an undulatory current of electricity and throw into 
vibration its corresponding rod. Not only would 
the one rod be thrown into vibration, but the 
amplitude of the vibration in the one would deter- 
mine the amplitude of the vibration in the other. 
In the same way, if you sent the vowel sounds into 
a piano, it would echo back the sounds produced, 
The vowel sounds would not be perfectly copied by 
the piano, nor can it be expected ; but theory shows 
that had the piano a larger number of strings the 
vowel sounds would be correctly reproduced. His 
idea was to utter sound in the neighbourhood of 
the harp, thereby throwing certain rods into vibra- 
tion. At the other end the corresponding rods 
would be thrown into vibration with a proper 
relation of force, and the timbre of the sound would 
be reproduced. This then was the first form of 
telephone devised. The expense, however, of con- 
structing such an instrument deterred him from 








making the attempt, and he cast about to devise 
a@ more simple apparatus, At this time he was 
employed in a very curious occupation. He had 
been applying in Boston this system of teaching 
the deaf and dumb to use their vocal or, and to 
articulate. It is known that the vowel organs of 
deaf mutes are not defective, and that they are 
dumb only because they are deaf; so that if you 
can explain to a deaf mute how to place the organs 
of speech he will be able to speak. Professor ‘Bell 
in carrying out his experiments with the deaf and 
dumb was led to devise methods of representing 
the vibrations of sound — . It happened that 
at that time a student of the itute of Techno- 
logy, Mr. Maurey, had effected an improvement 
upon the phonautograph. He had succeeded in 
Here by the voice a stylus of wood, about a 
foot in length, which was attached to the mem- 
brane of the phonautograph; and with this he was 
able to obtain enlarged tracings of the vibrations of 
the air, produced by the vowel sounds upon a plane 
surface of smoked glass. It occurred to Professor 
Bell that there was a t similarity between the 
manteér in which this piece of wood was vibrated by 
the membrane of the phonautograph and the manner 
in which the ossiculs of the human ear were moved 
by the tympanum membrane, He determined to 
construct a phonautograph modelled still more 
closely upon the mechanism of the human ear. For 
this purpose he sought the aid of a distinguished 
aurist in Boston—Dr. Clarence J. Bla&ke—who sug- 
gested the use of the human ear itself as a phonau- 
tograph, The idea was novel, and his friend was 
requested to prepare a specimen, which he did, The 
stapes was removed and a stylus of hay (for light- 
ness) about an inch in length was attached to the 
end of the incus. Upon moistening the membrana- 
tympani and the auricule with a mixture of glycerine 
and water, the necessary mobility of the parts was 
obtained, and upon singing into the external arti- 
ficial ear the stylus of hay was thrown into vibra- 
tion, and ane were obtained upon a plane 
surface of smoked glass passed rapidly underneath, 
While engaged in these experiments his attention 
was arrested by observing the wonderful dispro- 
portion which existed between the weight of the 
membrane and that of the bones vibrated by it. 
The thought occurred that if a membrane, as thin 
as tissue paper, could control the vibration of bones 
which, compared to it, were of immense weight and 
size, why should not a larger and thicker membrane 
be able to vibrate a piece of iron in front of an 
electro-magnet? If this were so, then the compli- 
cation of steel rods, suggested by the harp arrange- 
ment, could be done away with, and a simple piece 
of iron attached to a membrane take their aad, At 
once he proceeded to test the idea. Employing for 
this purpose a form of apparatus which he was then 
using for producing undulatory currents of elec- 
tricity for the purpose of multiple telegraphy, he 
attached a reed loosely by one extremity to the 
uncovered pole of a magnet, and fastened the other 
extremity to the centre of a stretched membrane of 
goldbeater skin. He supposed that upon speaking 
in the neighbourhood of the membrane, it would be 
thrown into vibration and cause the steel reed to 
move in a similar manner, thereby occasioning 
undulations in the electrical current that would 
correspond to the variations in the density of the 
air during the production of sound ; and further that 
the change in the intensity of the current, at the 
receiving end, would cause the magnet there to 
attract its reed so as to copy the motion imparted 
to that at the sending end, The results were un- 
satisfactory. Mr. Thomas A. Watson, who was 
present during the experiment, declared he heard 
a faint sound proceed from the instrument at which 
he was listening, but Professor Bell was unable to 
verify this. He, however, continued his researches, 
and after many experiments, attended by but partial 
success, determined to reduce the size and weight 
of the spring attached to the diaphragm as much as 
possible, for this p he glued a piece of 
clock-spring about the size and shape of his thumb. 
nail firmly to the centre of the dipphragm. This 
gave comparatively good results and enabled him to 
obtain distinctly audible effects. 

It is unnecessary to trace the various stages 
through which, even after this, so far, decided 
success had been obtained, the apparatus passed ere 
it arrived at that stage in which it was exhibited at 
the Centennial Exhibition in Philadelphia, and 
which is that illustrated and described by us at 

518, vol. xxii. In this arrangement, instru- 
ments of two kinds—one for speaking into, the 
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other for receiving from—were employed. It was 
upon this form of instrument Sir William Thomson 
heard the sentence, ‘‘ To be, or not to be,” a sentence 
which has now become historical in connexion with 
the telephone. 

Professor Bell now determined to reconstruct the 

whole instrument, but before doing so he sought to 
discover empirically the exact effect of each portion 
of the combination. He found that a marked in- 
crease in the loudness of the sounds resulted from 
shortening the length of the coils of wire employed 
at the pole or poles of the magnet, and by enlarg- 
ing the iron diaphragm which was glued to the 
membrane, ‘The distinctness of the articulation 
was also improved. Finally he discarded the gold- 
beater skin entirely, using a simple iron plate, and 
intelligible articulation was at once obtained. It 
was at this time that he proved—as he had long an- 
ticipated—that the only use of the battery was to 
magnetise the iron core of the magnet, for the effects 
were equally audible when the battery was omitted 
and a rod of magnetised steel substituted for the 
iron core of the magnet. It was always Professor 
Bell’s opinion that the final form of telephone 
would be operated by a permanent magnet, and in 
this, experiments carried out by Mr. Thomas A. 
Watson and himself afforded full confirmation. The 
result of these later investigations was the form of 
instrument described by us at page 170 of the 
present volume. Larger and more powerful, but 
less portable instruments, are made of compound 
horse-shoe magnets, 

In pursuing his investigations, Professor Bell 
has had but one object in view—the practical im- 
provement of electric telegraphy ; but during these 
investigations he has come across many facts bear- 
ing upon the subject of telegraphy possessing 
interest to those connected with electrical science. 
It has long been known that when an intermittent 
current is passed through the coils of an electro- 
magnet, a musical tone proceeds from them, Pro- 
fessor Bell has ascertained that these sounds are 
not due wholly to sudden changes in the magnetic 
condition of the iron core as heretofore supposed, 
but that a portion of the effect results from vibra- 
tions in the insulated copper wire composing the 
coils, An electro-magnet was arranged upon a 
circuit with an instrument for interrupting the 
current; the rheotome being placed in a distant 
room 80 as to avoid interference with the magnet. 
Upon applying the ear to the magnet a musical note 
was perceivable. The sound continued after the 
iron core had been removed from the coils. The 
effect may probably be explained by the attraction 
of the coils for one another during the passage of 
the galvanic current, and the sudden cessation of 
such attraction when the current ceased. It is pro- 
bable, too, that a molecular vibration is occasioned 
in the conducting wire by the passage of an inter. 
mittent current. 

Professor Bell has also observed that very distinct 
sounds proceed from straight pieces of iron, steel, 
retort-carbon, and plumbago, when an intermittent 
current is passed through them. 

Very curious audible effects can be obtained from 
reversed intermittent currents from a Ruhmkorf 
coil. A rheotome was placed in circuit with the 
primary wires of an induction coil, and the fine 
wires were connected with two strips of brass, in- 
sulated from one another by means of a sheet of 
paper. A sound was found to proceed from the 
strips of brass; and a similar sound, but more in- 
tense, was emitted by a tintoil condenser when 
connected with the fine wires of the coil—a fact 
which has also been discovered by Mr. Cromwell 
Varley. 

A telephone has been constructed by Professor 
Blake, in which a rod of soft iron, some 6 ft. in length, 
is used instead of a permanent magnet. This in- 
strument when operated ty & telephone of the 
latest form, emitted sounds the loudness of which 
varied with the direction in which the iron rod was 
held, the maximum effect being obtained when the 
iron rod was in the position of the dipping needle. 

Professor Peirce has observed the most curious 
sounds proceed from a telephone in connexion with 
a telegraph wire during the aurora borealis ; whilst 
it appears that Dr. Channing, in the city of Pro- 
vidence, Rhode Island, has been perplexed to ascer- 
tain the cause of certain sounds which have been 
noticed to proceed from the instruments at either 
end of a wire which connects his residence with 
that of a friend some~mile distant. On one occa- 


vocal music with a pianoforte accompaniment. It 
was thought to have been the result of an experi- 
ment tried from the other end of the wire, but upon 
inquiry this proved not tobe so. The wire was then 
overhauled, but no interruption to it, and nothing 
to suggest a cause for the sounds was observable. 
The telephones at cither end were also watched, but 
to no purpose, for at the accustomed time, and for 
about the usual period, the singing and playing 
continued each evening. Asa means of tracing the 
cause Dr. Channing has published the names of the 
airs which could be discerned, with the hope that he 
may, by ascertaining the point from which they 
emanated, clear up the mystery as to how they 
became audible upon the telephone. 

With regard to the distance through which it is 
possible to hold converse on a wire, Professor Bell 
remarks that the maximum amount of resistance 
through which the undulating current will pass and 
yet retain sufficient force to produce an audible 
sound at the distant end has yet to be determined. 
In the laboratory he has conversed through a resist- 
ance of 60,000 ohms. On one occasion he passed the 
current through the bodies of sixteen persons who 
stood hand inhand. The longest length of practical 
telegraph line spoken through by him, however, is 
250 miles, viz., from New York to Boston. No 
difficulty has been experienced in speaking through 
an artificial cable equivalent to a length of 120 
miles. Vocal sounds are audible through an equi- 
valent of the Atlantic cable. Songs sung into the 
telephone at one end of the artificial cable were dis- 
tinguished at the other end. 

During the course of the evening Professor Bell 
acknowledged in warm and eulogistic terms the 
services rendered him by many friends in America, 
among whom may be mentioned Professor Peirce, 
Professor Blake, Dr. Channing, and Mr. Thomas 
A. Watson. It is needless to say that his discourse 
was listened to with rapt attention, and that his 
reception was of the warmest description possible. 
A great number of diagrams were employed to 
illustrate the subject. , 








THE PENNSYLVANIA RAILROAD. 
No. XLV.—SrtanDarD Four-WHEEL PASSENGER 
Car Truck, 

Fias, 1 to 66 show in the fullest detail the design 
and construction of the standard four-wheeled pas- 
senger car truck in use on the Pennsylvania Rail- 
road, Figs. 1, 2, 3, and 4 are respectively side and 
end elevations, longitudinal section, and plan. It 
consists of a main timber frame, 10 ft. long, and 
7 ft. 12 in. wide outside. The side frames are 9 in. 
deep in the middle by 73 in. at the en@™, and 4+ in. 
thick. The end timbers are 4$ in. by 6$in. The 
side timbers are 6 ft. 7} in. apart outside, and the 
end timbers are secured into them for their full 
depth as shown, the underside being flush. Eleven 
inches within the side frames, inner timbers 3 in. by 
5$ in. are stretched from the ends to the centre 
framing, which carries the car centre. This con- 
sists of two transverse beams, 43 in. by 9 in., 
mortised into the longitudinal timbers, and placed 
12} in, apart in the clear. 
central beam, 12 in, by 8 in., which stops short of 
the side timbers by 24 in. on each side (Figs. 4nd 5), 


level of the frame as shown. 


they are strained under a saddle plate shown in 
Figs. 3 and 5, which passes beneath the central 
part of the framing, and is bolted to the timbers by 
two 2in. bolts, A couple of light straps, 24 in. 
wide, Figs. 3, 4, and 5, pass over the central 
transverse beam, and are bolted to the two timbers 
outside it. The central beam is carried by the 
arrangement of springs shown in the drawings, the 
centre beam being left with a lateral play of 2} in. 
on each side before touching the side frame. Fig. 10. 
is a section through one of the points of suspension. 
There are three pairs of elliptical supporting 
springs, built up of 6 leaves, 3 in. wide, and collec- 


neath this bar and 54} in. apart are placed two 
cast-iron brackets (Figs. 1 to 6) through which a 
bolt passes 14 in. in diameter. The length of this 
bracket is 14} in., and the bolt projects at each end 
sufficiently to receive a link 2} in. wide and 7 in, 
long. “A pin 1} in. in diameter passes through the 
upper end of this link, and through a strap slung 
over the transverse timber in the centre of the truck, 
These straps are bolted to the timbers each by two 
# in. diameter bolts. Two light wrought-iron arrest. 
ing straps, Figs. 5 and 32, bolted tothe underside of 
the frame, are placed to support the swing portion 
of the frame from falling in case of fracture, 

The form of the cast-iron pedestals is shown 
in Figs. 1 and 2. They are placed 6 ft. apart 
from centre to centre, and a section of the axle- 
box is given in Fig. 22. Over the centre of the 
journal, which is 7 in. long, is a recess in the 
top of the axle-box 2$ in. wide, which forms the 
bearing for the bent bar (Figs. 1 and 33) that 
carries the rubber side springs i z. These bars 
are 2 in. thick, and 34 in. deep in the centre, 
and the ends are curved upwards as shown, where 
they pass behind the pedestals to take their bear- 
ings. ‘The springs are placed 2 ft. 8 in. apart from 
centre to centre ; they are formed of blocks of solid 
rubber 8 in. in diameter and 7 in. deep, placed in 
sockets top and bottom of the form shown in 
Figs. 1, 4, and 5, and in the details, Figs. 23 to 6. 
The side frames are strengthened by the addition 
of bars 1 in. square, as shown in Figs. 1 and 5, and 
in the details, the bottom inner corner of the frame 
being cut out to receive them. These bars are 
secured by nuts at the end of the frame, and are 
placed horizontally for a distance of 6 ft. correspond. 
ing to the distance apart of the pedestal casting. At 
each end of the bolster, and on the upper side, a cast- 
ing is bolted as shown in the general view and in 
detail, Fig 27. These castings form bearings for the 
body of the car. The cast-iron plate g is that 
upon which the truck turns when running. It is 
294 in. long, and is formed of a disc 17 in. in diameter 
with annular channels and two projecting laps, with 
a Zin. hole in each through which a bolt passes 
Holding the plate upon the bolster. The plan Fig. 4 
shows this. In the centre is a circular hole, anda 
corresponding opening is in the bolster through 
which the bolt passes connecting the plate on the 
carriage to the trunk. Detail Fig. 9 shows the 
upper plate. 

A flat bar 3} in. by § in. extends from pedestal to 
pedestal, the ends being turned up as shown in 
detail, Fig. 61 and 62, to catch on the outer side of 
each pedestal, to which the bar is bolted, as shown in 
Fig. 1. At adistance of 26§ in. from the centre of 
each axle, a transverse rod passes across the truck, 
connecting the bars before mentioned. This is 
shown in Figs. 1, 3, and 5, and in detail, Figs. 35 
and 36. From these it will be seen that the bars are 
1 in, in diameter, and are made with a palm at each 
end which embraces the flat tie bar between the 
—— the connexion being made with a bolt as 
shown. 








| 


and so placed that its upper surface rises above the | pieces, as shown, 
On each side of the | of these axle guards is turned over to forma bracket 


timbers forming this central portion are placed two | through which the rod, Fig. 15, passes; around 
truss rods, | in. in diameter, passing through the | this is coiled a spifal spring, which presses against 
side frames and secured by nuts, while in the middle | the brake lever, Fig. 48 





tively 2 in. thick, the springs are 36 in. long, and 
5 in. apart in the centre. The clips of the upper 
springs take their bearings on a cast-iron plate 
(Fig. 5) which is received into the underside of 
a packing strip, 12 in, long by 12} in. and 2 in. 
thick, bolted to the bottom of the central beam. 
Similarly the clips of the lower spring rest on a 
second cast-iron plate supported by the timber 





sion the sound of music and singing was faintly 
audible, seemingly as if some one were practising 








beam (Fig. 5 ), 65$ in. by 124 in. by 2} in, Under. 


Figs. 28 and 29 represent an axle guard, shown 
in position on the general view. It is made of }-in. 


Between them is a | plates 3 in. wide, and is bolted to the frame timber by 


two 3-in. bolts at the ends, and two inner bolts of the 
same diameter passing through cast-iron distance- 
One side of the lower part of each 


The brake rigging is 
clearly shown in the drawings, but the blocks 
and some further details connected with them 
form the subject of another illustration. Two light 
plate-iron guards (Detail Fig. 57.) are bolted 
to the end timbers, and protect the floating bar, 
Figs. 65 and 66. To the latter are bolted the brake- 
blocks, as well as the forked bars, Fig. 51, which 
are pinned to the levers, Fig. 48. ‘These levers 
are different for the two ends of the truck, as will 
be seen by reference to the drawings. The upper 
end of the lever slides in a wrought-iron guide, 
Fig. 50, bolted to the timber, and that of the 
opposite lever passes through the loop, Fig. 19, 
which is drilled with a series of holes, through either 
of which a pin can be passed to regulate the position 
of the lever. Both levers are connected by a bar, 
Figs, 41 and 42, so that the brake power de- 
livered on one is transmitted to the other end of 
the truck. Fig. 6 shows the connexion of the 
spiral spring to the ene brake bar, The 
latter with the brake blocks is suspended to 
a rectangular link } in. in diameter, Fig. 47, 
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the lower side of which passes through the block at- 
tachment, and the upper part through a bracket 
which is bolted to the underside of the end framing 
timber. Further description of the construction of 
this truck is rendered unnecessary by the com- 

leteness of the drawings in which every part is 
Pally shown and dimensioned, the various details 
being numbered to render their identification on the 
general view easy. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday the attendance 
on ’Change at Middlesbrough was very thin, and there was 
searcely any basiness transacted. Prices were the same 
as last week, being based on No. 3 Cleveland pig selling at 
40s. per ton, less one percent. The Cleveland Ironmasters’ 
Association returns for the month of October were con- 
sidered to be very favourable. It is, however, generally 
believed that there will be no permanent improvement in 
trade until the war ends. There is yet no silver lining in 
the cloud of depression which has so long overhung this 
district, but it is thought that the cloud is not so dense as 
it was. We are certainly getting nearer the end of the 
gloomy time through which we are passing. 


The Returns.—The Cleveland Ironmasters’ Association 
returns for October have just been issued, and as usual 
they give a complete account of the make and disposal of 
pig iron. Of 162 blast furnaces there are 105 in operation, 
57 being idle: There are three new furnaces being built. 


The Finished Iron Trade.—Little or nothing is doing 
in the finished trade. No alteration for the better is ex- 
pected for months to come. 


Engineering and Shipbuilding.— Although engineers 
keep busy, shipbuilders are beginning to realise the fact 
that they are getting rapidly through their contracts, 
and experience considerable difficulty in obtaining renewals. 


More Iron Works offered for Sale.—Yesterday in the 
Board room of the Exchange, Middlesbrough, Mr. Charles 
Willman offered for sale by auction the Eston Grange 
Iron Works. These works are situate at Eston Junction, 
Middlesbrough, and consists of puddling and merchant 
mills with all the necessary fixed plant and machinery for 
the carrying on of an extensive business. There was a 
numerous attendance in the Board room, but as there was 
no bidding the works were withdrawn from sale at the 
reserved figure. 


Opening of the Dearness Valley Railway.—Last week 
the minéral line which threads the Dearness Valley and 
connects the south-western collieries of Waterhouses, the 
Consays, Esh, Hamstells, Sleekburn, &c., with the 
Sunderland and Bishop Auckland Railway, was opened for 
passenger traffic. The opening of this branch will be a 
great convenience to the people in that part of the country. 


The Middlesbrough New Railway Station.—This fine 
station, which has cost 100,000/., is now ready for use. 
Yesterday the Government inspector carefully examined it 
and tested different parts. It is expected that the station 
will be opened in a few days. 


Cleveland Institution of Engineers.—The first meeting 
of the session for 1877-78 was held in the hall of the 
Literary and Philosophical Society, Corporation-road, 
Middlesbrough, on Monday evening, Mr. Thomas Whit- 
well, President, in the chair. The proceedings commenced 
with the reading of the annual report by the secretary, 
from which it appeared that the Institution still retained 
its accustomed prestige for the quality of its papers, and 
the animation of its discussions. The financial statement 
showed a favourable balance of 38/. 7s. 5d. The President 
delivered a short but racy address on the opening of the 
session, congratulating the members on the good work 
done in the past, and the promise of the future, particularly 
referring so the fact of Mr. J. E. Stead having, in the pro- 
ceedings of the Institution, first announced the expulsion 
of the béte noir of Cleveland iron—the phosphorus ; and to 
Mr. Howson’s triumphant success in the same direction to- 
wards the formation of native steel. Mr. Charles Smith, 
of Hartlepool, then read an excellent paper on ‘A Facile 
Mode of Compounding Engines,” which was listened to with 
the utmost interest, and provoked quite a host of questions 
and inquiries. These Mr. Smith answered at once, but, as 
usual, the formal discussion of the paper will commence at 
next meeting. From the keenness of the informal debate 
at the close of the reading of the paper a lively discussion 
is anticipated. After a vote of thanks to the President for 


poder core 5 and to Mr. Smith for his paper, the proceedings 


The Coal and Coke Trades.—There is no alteration in 
the condition of the fuel trade. In Northumberland the 
miners have agreed to work six hours at the face. There 
seems to be a disposition on the part of the men and their 
leaders to meet the wishes of the masters. 














STzam Fire Encrnz.—Messrs. Me eather and Sons 
ve just supplied one of their steam engines to the 
ast corporation. The engine, which has two cylinders, 
throws 650 gallons of water per minute, fand can deliver 
through one, two, three, or four lines of hose as may be 
ae The ceremony of handing over attracted much 
public attention, and took place in the presence of the 
mayor, the principal members and officers of the corpora- 
a leading manufacturers, and others. The working of 
© engine exceeded all expectations, and much satisfaction 
- been expressed that so important a town as Belfast is 
at last provided with so powerful a means of protecting 
from fire its numerous and valuable factories. 





CONSOLIDATION »v. FAIRLIE ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—I have read the letter of Mr. Howard Fry and the 
one signed “ B.”’ in your issues of the 12th and 26th of 
October respectively. The former letter is —. an 
additional demonstration of an organised attack now being 
made upon the Fairlie engine, the object in view being to puff 
up the Consolidation engines, and the latter, though an able 
reply to the general question of the superiority of English 
versus American locomotives does not touch the true motive 
of Mr. Fry’s letter. 

Will you, therefore, kindly allow me space for a few 
words that may assist towards exposing the fallacy of 
the alleged superiority of the Consolidation type of 
engines, so that those who intend to purchase locomotive 
power may be warned to inquire further before trusting 
to the ‘‘ comparative statements’’ whichI am able to prove, 
at least, in one instance, to which I will refer presently, 
are entirely untrustworthy. 

Out of all other types of 1 locomotive, the supporters of the 
Consolidation type have chosen the Fairlie engine as the 
object of their attacks, knowing and admitting it to be 
the best yet invented, and with a persistence worthy of 
admiration they follow up one attack by another under 
cover of the names of apparently disinterested parties. 

I received a short time ago from our partner in Australia 
a copy of a report framed by a Mr. J. F. L. Jetter, de- 
preciating the Fairlie engines upon the most ae pre- 
texts, and I purpose at another time, when I have collected 
the facts I am now gathering, to beg for a corner in your 
journal, in order that I may refute the baseless charges 
Mr. Jetter has brought against the Fairlie engines. About 
the same time I also received a printed copy of a pamphlet 

ublished in Sydney by a Mr. Morris, who represented 

ew South Wales at the Philadelphia Exhibition. In this 
pamphlet therezappeared a statement similar in its con- 
ception to that of Mr. Howard Fry, but in this case show- 
ing the great ao of the Consolidation engines over 
the Fairlie engines working on the Mexican Railroad, and 
reporting that this statement had been furnished by the 
officials of the Mexican Railroad. I had good reason to 
doubt this, having letters and statements from the former 
manager of this line showing totally opposite results, and 
I therefore immediately addressed inquiries to the officials 
ofj that; railway. Just about this time, Mr. Mantey, 
locomotive superintendent of the Mexican Railroad, who 
was passing throagh London on his way to Germany, called 
at my chambers. He was suffering with \fever, and unable 
to discuss anything then, but when he returned en route 
for Mexico, much improved in health, he informed me that 
the statement published by Mr. Morris was a fabrication 
from beginning to end, and could not have been officially 
given to any one. In his letter, which I append* hereto, 
Mr. Mantey explains how it was possible to obtain certain 
unreliable information, and doubtless his supposition of the 
manner in which the statement was concocted is correct. 
Mr. Manteyjhas a word for Mr. Jetter’s observations on the 
wear of tyres, to which I beg to call attention. 

I am now awaiting a letter from the present manager of 
the Mexican Railway, which I have no doubt will materially 
strengthen this proof that the statements of Messrs. 
Morris and Letter are mere inventions or obtained at a 
time when the engines being new, and having, in course 
of erection in Mexico, had too much weight on the wing 
slides sufficient to prevent the bogies swivelling on the 
250 ft. curves., I have reason to believe that if the state- 
ment of Mr. Fry be investigated, it will be found as much 
wanting in veracity as those in Mr. Morris’s —— 
r. Jetter’s report. Take for instance the figures 


and in 
——- to the Baldwin locomotive on the Pennsylvania 
Railroad. It is next to a physical impossibility that with 


a pressure of 90 lb. in the cylinders, a weight of 2462 tons 
could have been hauled ata s of 10 miles an hour on 
the level. A calculation will show that, taking 75 per cent. 
as a fair proportion of the boiler pressure effective in the 
cylinders, it would require 170 lb. per square inch pressure 
of steam in the boiler, or 128 lb. per square inch cylinder 
pressure to develop a tractive force of 24,620 lb. at rails, 
taking 10 lb. for friction of train and engine all round, 
allowing nothing extra for engine friction, and it is ridi- 
culous to assert that under ordinary circumstances of 
working the Consolidation Engine in question could take 
such a train.t 

Mr. Fry naively remarks that the [performances of the 
Consolidation engines are results taken when no one was 
specially on hand to “see that the engines did their 
utmost,’’ and he thus calls notice to the fact that none of 
these periodically recurring ‘‘ statements” are authenticated 
by the testimony of an impartial witness, although, as I 
have said, the names of apparently disinterested parties 
are used as a cover for their publication. But the statistics 
of the performances of the Fairlie engines are substantiated 
by the witnesses of unimpeachable character, whose posi- 
tions on the various lines forbid a doubt of the accuracy of 
the figures and facts they testify to. As examples, I send 
youa letter of Mr. W. W. Borst, acting superintendent 
of the Denver and Rio Grande Railroad, one from Mr. 
Vassilieff, locomotive superintendent on the Poti and 
Tiflis Railway, a letter o from a correspondent in 
Massachusetts, who does not wish his name to appear 
(but I send it to you that you may know the value of the 
letter in question), detailing the performances of the Fairlie 
single boiler engines (at the very door almost of the Bald 
win Company) bnilt by Messrs. Mason and Company, of 
Taunton, Mass. ; I would beg of you to publish these or 


* Mr. Fairlie has omitted to send us the letter here re- 
ferred to; we shall he happy to publish it, however, ona 
future occasion. : 

+ If the train resistance was only 7 lb. per ton, including 
engine resistance, then the result given would be about 
correct, but this being so, it is obviously unfair to put 10 Ib. 
resistance of train instead of 7 lb. 








.to Australia by Mr. 





such of them as you can find for, so that those con- 
cerned may not led into. the error of supposing that 
reliance can be placed on any ‘‘ statements’? coming from 
aque of the Baldwin Company showing to such ummense 

vantage the Consolidation in comparison with the Fairlie 


engines. 

As I have hinted I shall beg for permission to further 
trespass on your kindness in a future letter in order to 
clearly refute the (against the Fairlie engines) sent 

etter, in the mean time, apologising 
for so large an encroachment on your valuable space, 
I remain, Sir, your obedient servant, 
Ropert F. Farruie. 
Palace Chambers, Victoria-street, Westminster, 


November, 1877. 
(Copy of letter to General Palmer.) 
W. W. Borst, ee ears 
mver and Rio Grande Railway, 
Office of Acting eg EET Denver, 
Colorado, Sept. 8, 1873. 


General John J. Palmer, President D. and R. 
G. Railway, Colorado Springs. 

My dear Sir,—1 arranged for a trial trip for the Fairlie 
engine torun from Pueblo to Denver, September 6th. We 
left South Pueblo Dep6t at 4.40 a.m. on time of No. 4 with 
the following load : 

Net lb. Gross Ib. 


18 Long loaded coal cars ... 270,590 5190 
4 Short - o. .. 29,350 43,350 
1 long flat car : hn: we } 2,340 9,010 
1 ,, stockcar, 7mules_... 6,000 16,500 
1 tank car with water and coal 14,000 18,000 
1 hand car on car coal ip 400 400 
1 caboose car... = 4,000 4,000 
7 men ... 1,000 1,000 

327,680 492,450 
Tons ... 1631689 946450 


A heavy shower of rain fell ie the night anda 
slight rain was falling when we left. e made our run- 
ning time until we reached the 110th mile, when we en- 
countered two washouts,* which detained us nearly two 
hours. From that point to Little Buttes we ran very 
aoeays as in many places the water was running over the 
track. 
After leaving Little Buttes we made running time until 
within three miles of Colorado Springs, where we had to 
cut loose and run for water. leaving Colorado 
Springs, we made our time for five miles, and then fell be- 
hind until we reached the 69th mile, where we had to cut 
our train in two and rin to Monument with part of our 
train and return for balance of train. Here we were de- 
gned on account of waiting for trains, and running to 
usted’s for water. Before leaving Monument we set out 
four long cars coal—leaving on the train 402,750 lb. or 
20175° tons. With this train we ran to the 55th mile, 
where our water gave out, when we took two long coal cars 
to the Divide, leaving 257,900 Ib. or 179 tons, which we 
took to the Divide. *From Monument to the Divide we 
did not make over six miles per hour. We reached Denver 
at 11.40 p.m., being 19 hours on the way. 

It rained nearly all day, and I think we never hada 
worse rail—all day we did not have more five miles of 
dry rail. I am satisfied that the Fairlie can draw more 
than any two Baldwin engines we have, am 
pleased with the way she worked. She will fill the contract 
made by Dr. Bell with Mr. Fairlie, that is, to draw a train 
of 200 tons exclusive of her own weight, up a grade of 1 ft. 
in 80 ft. While Iam well pleased with the engine, and think 
the principle a good one, and the right one for us to adopt for 
heavy grades, sharp curves, &c., I think she is not exactly 
the engine we need for our road at present. Our present 
traffic is just sufficient to run a train each way daily with 
our Baldwin engines. The Fairlie could dothis by running . 
south one day and north the next, or three trips per week, 
but a tri-weekly train would not accommodate the public. 

On Thursday I hope to make a more successful trip as 
regards time, and I think with a dry rail could take more 
up our heavy grades than we did on Saturday last. 

Respectfully yours, 
(Signed) 


W. W. Borst, 
Acting Superintendent. 

At a subsequent trial when General Palmer was present, 
the engine hauled 185 tons, exclusive of her own weight, 
up a grade of 75 ft. per mile, making ten miles per hour. 
She had a good rail and pleasant weather. 

(Signed) ‘W. W. Borst. 
THE ELECTRIC LIGHT. 
To THE EpiTor oF ENGINEERING. 

Srr,— When I wrote my letter of October 22, I had no 
desire to become involved in controversy. I cannot with- 
out protest, however, pass over Dr. Siemens stating, as 
he does in the letter which o—— in your last issue, that 

is replying to a letter of Mr. C. Varley. My name was 
signed in full, I have been personally known to Dr. 
Siemens a £ peer eens and the work I have done 
cannot be altogether own to him. 

It so happens that in 1858 and 1859, when the question of 
submarine telegraphy was occupying much attention, a 
period when very imperfect views were held by many able 
telegraph engineers of the ag wry: + application to 
telegraphy of those laws which had long a before 
been worked out by Faraday, I with a view to bridging 
the chasm that then exis submitted papers to the 
Institution of Civil Engineers and to the Society of Arts, 

These papers, which were published in the Transactions 
of the Institution of Civil eers of March 30, 1858, 


* Earth washed from under rails. 
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and in those of the Society of Arts of 
March 30, 1859, received considerable atten- 
tion at the time, and among the yo most 
value are some letters I received from the 
late Robert Stephenson, who kindly intro- 
duced himself to me in 1858, and a letter from 
Faraday in 1859, in which he confirmed my 
views, and was good enough to say that in 
the matters then in controversy ‘‘1 was well 
able to hold my own.’’ It also so fell out that 
I was at that time at issue with the views 
which then received the support of Dr. 
Siemens. = 

I am indebted to Dr. Siemens for giving 
the dute when the idea of the action and re- 
action principle first occurred to his brother 
and to hi self, namely, December, 1866. 

My machine as it was exhibited in the Loan 
Collection was completed and tried at the end 
of September, or inning of October, 
1866. I had obtained the data on which it 
was constructed some months earlier, and my 
desire was to have got it completed in time 
to bring it before the Nottingham meeting 
of the British Association, which took place 
in August of that year. I enclose a letter 
from a gentleman who was present when my 
machine was first tried, which I shall feel 
obliged by your publishing with this letter, 


PENNSYLVANIA RAILROAD; DETAILS OF 4-WHEELED PASSENGER TRUCK. 


(For Description, see Page 366.) 


Fig. 35. / 
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and after this it will be considered I think 
that I have established my claim for the 





priority of the discovery of the ‘action and 
reaction principle of magnetisation.” 











The idea of making a machine which would 
work into itself, occurred to me some years 
before 1866, and I experimented from time 
to time as opportunity served. My earlier 
experiments were not enco ing, but in the 
summer of [1866 I had arrived at data which 
made me confident I could produce the machine 
before its construction was commenced. — 

Since the completion of my first machine I 


















































have been working on some apparent anomalies 








observed by me in the course of my experi- 
ments. Some of these I belivee I have solved, 

















and I hope shortly to produce machines in 
which the conversion of mechanical force 
into electricity and magnetism will be more 








complete. ’ 
Dr. Siemens makes a point of my not having 
filed a complete specification of my December, 
1866, patent. I did continue it, however, by 
another application before the provisional pro- 
tection len ired which proceeded to letters 












































patent, and [ believed at that time I had 
thereby secured my claim. I have every reason 








to t this t mistake, but curiously 
enough I find the Meesrs. Siemens did the 
very same thing with respect to what was 
at the time of its introduction an important 


advance in magneto electricity—the “‘ iemens 


tant 














A) 
armature’’ was only prov y pr . — 3 Centre of Bolster 
I confess, however, I was surprised to find penne AB Heg-k x 
the Messrs. Siemens repatented and claimed a os ¢ 
this armature six years afterwards ; the date ayo las ' CS 5 
ification was September tz vant ran 2 











of the provisional specifi 
10, 1856, No. 2107, the date of the completed 
pecification was ¢ y 9, 1862, am 
I must apologise for trespassing so much on 
your space, — I trust with your usual courtesy, you will 
allow this letter to appear in your next issue together with 
the one enclosed from Mr. Hawksley. 
Iam, Sir, yours truly, 
8S. ALFRED VARLEY. 
Hatfield, Herts, November 5, 1877. 


Sir,—In answer to your inquiry, it was some time in 
the early autumn of 1866 that I saw your dynamo- 
electric machine at work. 
I can find you the address of the man (A. Salsbury) who 
I think was the leading hand in its manufacture, and who 
three years back was in my employ for some time. Excuse 
the tardy reply. 


November 5, 1877. 





Yours truly, 
Grorer HAWKSLEY. 





To Tue Eprror or ENGINEERING. 

S1r,—In reference to Mr. Charles Ball’s letter in your 
number of the 2nd inst., giving the substance of Professor 
Tresca’s report on the present Gramme machine, I venture 
to observe that no doubt the experiments on which this 
report is based, were not subject to the great loss of light 
incurred in transmitting the current from the machines 
to the lamps at South Foreland. 

So very great is that loss of light that it must render all 
the experiments made at South Foreland comparatively 
useless. 

I am, Sir, yours obediently, 
JAMES CAMPBELL. 
6, Founder’s-court, Lothbury, November 6, 1877. 
THE SOURCE OF THE POWER OF THE 
TIDE MILL. 
To tue Eprror or ENGINEERING, 

Srr,—In your last issue I observe an editorial article 
well worthy of notice, headed ‘‘ Source of the Power of 
the Tide Mill,”’ in which you throw out as a suggestion to 
practical engineers that they should, with a due regard to 
the economy of nature, provide or invent a means by which 
to utilise the effect of the moon’s action upon the earth, 
—_ particularly in respect of her influence upon the 

a. 

Now, as there is a patent in force which deals expressly 
with the suggestion you have made with a view to its 








If of suffici 
Se ena, | vey the water power thus obtai 











Contre 
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practicability, I think it only right to draw your attention 
to the fact. 

The patent referred to—No. 3012 (1872)—comprises a 
turbine or series of turbines which may be fixed in con- 
nexion with a suitable dock or reservoir, so that the in- 
coming tide will give a head of water to drive the turbines, 
and by means thereof force water into accumulators, and 
charge accumulators by suitable pipes with a great pres- 
sure. From these accumulators ye may be laid to con- 

ned to any place (adjacent 
or otherwise) required, and where such water power may 
be used for driving turbines or hydraulic engines for 
working mills, factories, or any other machinery for which 
it may be required. By similar method air may be forced 
into accumulators at a great pressure, and then distributed 
in pipes to places where it may be required, and used as a 
motive power. 

I am, Sir, yours obediently, 
Frep. H. STANTON. 

Rock Ferry, Cheshire, Nov. 6, 1877. 

[The scheme mentioned by Mr. Stanton is a very old 
one, and has been proposed scores of times. The modes of 
transmission s' sted, however, cannot be employed with 
commercially satisfactory results, as our correspondent will 
find if he calculates the cost of the fixed plant required and 
compares the interest on the capital thus expended with 


= 


the present cost of steam power.—Ep. E 








MACHINE AND HAND-BORING MACHINES, 
To THe Epiror or ENGINEERING. 

Srr,—In these days of the much vaunted superiority of 
machine rock-boring drills, the following extraordinary 
fact may interest some of your readers. 

The other day a competition took place in a hard lime- 
stone rock quarry, between a patent d-boring machine 
worked by two men and three miners from the tunnel 
here. In ten minutes the machine drilled six inches, while 
the men drilled nineteen and a half inches in the same 
time, working side by side with the drill. In the tunnel 
: é@ same men do not drill more than eight inches per 

our. 


Yours truly, 
Joun C. Mackay, Stud. Inst. C.E. 
Dowlais, November 6, 1877, 




















THE ABUSE OF THE STEAM JACKET. 
To THE Ep1IToR oF ENGINEERING. 

Srr,—I have in two previous letters* given a few prac- 
tical examples, selected from a large number, to show how 
the steam jacket is rendered not only ineffective but posi- 
tively detrimental, owing to its being either carelessly de- 
signed, imperfectly constructed, or ly attended to by 
the engine-driver. It would seem, judging by past ex- 
perience, that the majority of jackets that are now in- 
effective is the result of this incompetent designing. 
Saeas steam jackets there will be found, if any one will 
take the trouble to examine, more examples of wretched 
designing than could be found in any other detail of the 
steam engine; the sections of numerous cylinders unmis- 
takably reveal the fact that whoever designed them must 
have been devoid of all knowledge on the subject. Indeed 
it is perfectly astonishing how little the function of the 
steam jacket is unders by the majority of engineering 
draughtsmen. Allow me, in passing, to suggest by way of 
improvement that more time be spent in thoroughly and 
conscientiously working out the details of our engines, so 
that there shall be combined in them the utmost simplicity 
with perfect efficiency, and that less time be devoted to the 
drawings of ‘‘ hobbies”’ and wasted in chasing myths called 
novelties. In accordance with my promise I will now note 
some of the chief points of importance which it is necessary 
should be strictly attended to, by both designers, makers, 
and owners of steam jacketted cylinders, in order to pro- 
duce and keep them in effective working order, so that the 
object for which they are applied, viz., the economy of fuel, 
may be fully catieal. : 

The following may be mentioned as some of the leading 
principles of steam jacketting. : 

1. The jacket should completely encircle the cylinder 
from end to end. In cylinders that have liners cast sepa- 
rately and inserted into the casing or jacket, this point is 
fully and invariably carried out. But in a multitude of 
other cylinders, which are cast entire, the jacket is only 
carried partly round, in some cases not half round, while 
the greater part of the remaining portion of the cylinder 
body is in contact with the exhaust steam ; the exhaust in 
a few cases is made to travel partly round it. 

It should not be n for me to refer to that old 
absurdity the “ exhaust jacket,” yet some of our long 


* See ENGINEERING for August 3 and September 28, 1877. 
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established makers are using this very absurdity on a small 
scale. (Apparently these people pay little regard to 
modern practice, but being greatly attach2d to the notions 
of the ‘‘ good old times”’ are determined to abide by them 
as long as possible). More steam is dissipated by this 
custom than some would suppose, and, of course, the 

r the area of the cylinder body thus cooled at every 
stroke the larger the waste. 

2. The jacket must be supplied with steam of the full 
boiler pressure, that is, there should always bo steam in 
the jacket as high as the highest steam within the cylinder ; 
it has, in fact, “‘ often been proposed in large engines to 
jacket cylinders with steam from a special boiler kept at a 
higher pressure ;’’ for instance, in 1854, Martini obtained 
a provisional protection for an improvement consisting in 
surrounding the cylinder with steam of about two atmo- 
spheres hig er than the steam used to work the engine, 
the steam for the jacket to be generated in a small strong 
separate boiler. Iam unable to state whether this 
sition has ever been carried into effect, but super 
steam has been used in jackets. 

3. The jacket should be open to the boiler at all times, 
and not affected by the stop valve, it will thus be heated 
gradually as the steam is raised, and always hot ready for 
work ; therefore no steam will be required and wasted b 
blowing through the cylinder for warming it. In onal 
engines it is not necessary to provide any means for 
shutting off the steam from the jacket, but large engines 
are generally fitted, so that the steam may be turned off ; 
care, however, should be taken to arrange these cocks or 
appliances, so that they may not be tampered with by 
being turned off or on to suit the fancy of a meddlesome 
engine-driver. 

4. The steam supply pipe should enter the jacket, either 
at the highest —. or be placed in such a position that a 
thorough circulation of the steam within may be secured 
and maintained, and the accumulation of air at the highest 
part or any place made impossible. 

5. The working steam should not be made to traverse 
round the cylinder body ere it reaches the stop valve, a 
plan which was in the earlier jacketted engines, and 
one which I trust may soon be totally abandoned, but I 
regret to say that there are several so-called celebrated 
makers who still cling to this practice. The jacket is thus 
turned into a refrigerator, some of the steam is condensed 
in its passage, and the water resulting will be carried into 
the cylinder, causing an effect similar to that produced 
were the jacket not used. 

6. It is essential that the provisions made for the drainage 
of the jacket should be most efficient and complete ; to 
fully answer their end, they should be so planned that 
they continually operate, irrespective of any control from 
the attendant, indeed it should be impossible for his 
negligence or interference to hinder or impair their 
action ; for it is quite a simple matter to secure perfect drain- 
age without any ‘attention on the engine-driver’s part. In 
many fixed engines, it is practicable to have the cylinder 
fixed at a snfficient elevation above the boiler to admit of 
the jacket draining itself by sana a the pipe for this 
purpose entering the boiler below the water line; where 
this cannot be carried out, the drain pipe is sometimes 
connected to a steam trap. Some of your readers may 
remember that this plan was adopted by Mr. J. Head for 
the drain pipes from the cylinder of his patent prime mover; 
illustrations and description of this engine ap in this 
journal some eighteen months ago.* In portable engines, the 

ttom of the jacket should be inclined towards the steam 
supply from the boiler, and care should be taken to have 
no shelves in any part of the jacket, either top or bottom, 
where water may find a lodging place. 

_ Many engineers entertain an erroneous impression respect- 
ing the drainage of the jacket ; they fancy that if the drain 
pipes are opened occasionally that will do. It must be 
istinctly understood, that no occasional blowing out will 
do, the jacket condensation is continuous, hence the water 
resulting from this incessant cause should be got rid of as 
fast as it is formed. 
_ Mr. Frank Salter, in his little work on “‘ The Economy 
in the Use of Steam,”’ falls into this error, where he says 
that the ‘‘ condensed water’ from the jacket ‘‘is blown 
out occasionally.’’ This remark may apply to present 
practice in some quarters, but it is none the -. objection- 
able for all that. 

7. The working barrel of the cylinder should be made as 
thin as ossible, and of the best conductor of heat. 
“The thickness of the metal of the cylinder, that 
is, between the steam in the jacket and the external 
surface of the cylinder, is of very great importance, 
because the transmission of heat, both in time and 
quantity, is inversely as the distance passed through, and, 
therefore, the shorter such distance, the more efficacious 
will be the steam in the jackets.” 

It is a well-known fact that many makers of portable 
engines cast the walls and partitions of their cylinders of 
such a thickness as to seriously interfere with the transfer 
of the heat from the jacket fo the cylinder ; these thick 
walls are introduced to lessen the risk from defective cast- 
ings in the foundry, for the steam jacket and cylinder 
when made in one is a somewhat complicated and trouble- 
some casting to make. Herein consists one of the most 
valuable advantages of casting the cylinder and bush 
separately, the bush may be made as thin as possible, and 
as hard as practicable, reducing the wear to a minimum, so 
that repeated reboring will not be necessary, and perha 
under some conditions reboring may not be Sequined a all. 
This system of forming the jacket and bush separately, is 
now becoming more universal, consequently thin liners 
follow in its train. Steel liners are now being adopted for all 
classes of engines with success ; the working barrels of Mr. 
John Bourne’s balanced, high pressure, high speed 


7, 1876. 
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engines are mada of this material, and are advertised as 
being “‘ easily renewable.”’ 

Phospbor-bronze is now largely used for all manner of 
purposes, it would not only be in keeping with the spirit of 
the times to propose that liners of this material be used, but 
it has, likewise, several favourable properties to recommend 
it; for instance, it may be made as hard as desirable—it 
will take an excellent surface—while its conductivity is 
more than three times as great as that of cast iron. 

8. In large cylinders of short stroke, not only should the 
covers be jacketted, but the piston should be heated, for it 
is well known that the jacket round the barrel is powerless 
to extend “‘its influence right into a great body of steam ;” 
and in these cases the covers and pistons expose a larger 
area of heating surface if filled with steam than the cir- 
cumferential jacket does. It has been said, ‘‘that the 
action of a steam jacket in securing economy is greater as 
the diameter of the cylinder is smaller.’’ 

9. With regard to jacketted cylinder covers, the utmost 
care must be bestowed on their steam supply and drai > 
for nearly all the jacketted covers are defective in this 
matter. In the majority of cases these communications 
simply consist of a few holes drilled through the ends of 
the cylinder into the jacket, and similar holes to omens 
drilled opposite them in the face of covers; theres ould 
always be some —— made for preventing these holes 
becoming choked up with red lead, when the cover joint is 
being made, for unless this be attended to, they will 
undoubtedly soon become obstructed; few engine-drivers 
would take the trouble to keep them clear, and no one 
could ep ng to always keep them open, no matter how 
carefully the joint was made. One very simple plan is to 
provide a plug opposite each communication hole, which 
may, before the joint is made, be taken out, and a bar or 
bolt passed through it into the communication hole at the 
time that the joint is yy! made.* Red lead is thus 
prevented from entering the holes, and of obstructing the 
passage of both steam and water. To properly drain the 
jacketted covers of several types of engines is a somewhat 
difficult task. It is not my intention, however, at present 
to deal with the best means for overcoming these difficulties, 
and for effectively getting rid of all condensed steam from 
them; to make the subject clear it would be n to 
refer to drawings of the covers used for the various en- 
gines. 

10. There is room for improvement in most steam engines 
in the matter of the clearance, which should be reduced to 
a minimum, and the steam ports should be kept as short as 
possible. It is owing to this feature in a great measure 
that the Corliss engine has been so successful. If 
practicable the exhaust and supply should be effected by 
means of separate ports, the one for the inlet being 
jacketted, for Mr. Joule has pointed out that the almost 
universal practice of making the steam enter and leave the 
cylinder by the same port, tends to the waste of heat, 
especially with a of expansion. Very few engines 
beside the Corliss have separate steam and exhaust ports. 

11. To get the best results from the use of the steam 
jacket, the working steam should be as dry as possible, 

ecause all wet steam admitted into the cylinder is evapo- 
rated during the stroke by heat abstracted from the jacket. 
Mr. Northcott says in his work on the “Theory and 
Action of the Steam Engine’ that owing to this cause, 
‘*Itis not unusual to see engine diagrams in which the 


expansion curve rises considerably above even the hyper- 
bolic curve. In all such cases the loss must be very con- 
siderable.” 


12. The last but not least of my duty is to emphuti- 
cally denounce all steam j ts that are left exposed or 
u ed, indeed it should be, amid all our present know- 
ledge, totally unnecessary to mention this,as one of the 
needful conditions of successful jacketting ; but, much as I 
regret it, I am bound to confess that there are man 
engines turned out with jacketted cylinders unlagged, 
chiefly on low-priced portable and vertical engines. eed 
we wonder that some makers say they have tried the jacket, 
and find very little difference in the coal consumption 
during the test of an engine with the cylinder jacketted 
and the jacket left totally exposed, and one with the 
cylinder unjacketted, but carefully clothed and lagged over 
the whole surface. For what is gained inside the cylinder 
by the application of the jacket is partly counteracted by 
the loss of heat radiated from the unlagged jacket. 
Happily these examples of second-rate engines are becoming 
eve y more fe ey we the standard of efficiency is 
ually being raised, hence steam jeckeltiog and careful 
ing are now more general than ever. e may imitate 
with advantage and profit an American example of effec- 
tive cylinder — I refer to the 1400 horse power 
Corliss engines at the late Philadelphia Exhibition. The 


cylinders were steam jacketted and covered with hair felting | Calif 


and lagging, the former # in. thick, the latter 1 in. thick, 
outside this there was an air space 4 in. thick between it 
and the polished iron casing. 
When this subject was introduced —~ 

sections of cylinders were given which were consider 
faulty in design, it may not be amiss towards the close to in- 
troduce two more sections of — from recent ice, 
which have been most carefully arranged, and in which are 
embodied as many of the necessary yore as it is 
possible to apply to cylinders for these c of engines. 
Fig. 5 ropresents a section through steam supply of an 
eight horse power traction engine steam-jacke cylinder, 
while Fig. 6 shows a section oped steam supply of an 
eight horse power portable engine cylinder. Let us briefly 
name their principal characteristics. It will be seen that 
the jacket completely encircles the working cylinder, 
that the exhaust steam is not permitted to come in contact 
with it. The exhaust chambers are clearly shown in both 
figures with the exit pipe dotted in. The jacket is always 
open to and supplied with steam direct from the boiler. 


* See ENGINEERING, May 5, 1876. 
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The condensed steam will, as quickly as it is formed, run 
back into the boiler, the bottom of the casing being slightly 
inclined towards the inlet from the boiler, it is impossible 
for either of these jackets to contain any water at any 
time ; it is equally impossible for the engine driver to tamper 
with the steam » bees. or the i , or by his neglect 
to frustrate the Son action of either. The cylinder 
s 


casing and the bush are separate castings, the is of 
medium and equal thickness all round, for the free 
of the heat from the jacket to the working steam. hb 


— are clothed with felt and with wood jin. 
thick, then cased in with No. 8 B.W.G. sheet iron in the 
usual manner, 
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In conclusion, it is gratifying to know that some good 
resulted from the perusal of my first letter on this subject ; 
a friend of mine soon after iis eqpemvanss in these 
informed me that the letter the desired effect, in fhe 
case of one rather important firm, for they were then busy 
making alterations to their steam-jacketted gylinder 
patterns, which were faulty in_ two or three points and 
a in the drainage. The end for which these 

tters were written has been answered if no further Fog 
results therefrom ; my object was to show one cause of the 
loss of steam or waste of fuel, so that all may, as far as 
lies in their power, reduce or prevent the waste from this 
cause at least ; for fuel saved is fuel gained. Thanking 
you, Mr. Editor, for inserting this, 

Tam, Sir, yours truly, 
w. M. F. RB. 





AMERICAN Rarttways.—There are no less than 814 rail- 
pe companies in the United States of America. Of these 
only 106 (or about 24 per cent. of the whole number) are 
paying dividends. No dividends are now forthcoming from: 
any lines in the states or territories of Vermont, Kansas, 
Nebraska » Missouri, Dakota, Colorado, South Carolina, 
Florida, Alabama, Mississippi, Louisi 

ornia, Oregon, Nevada, and Washington ; the aggre- 
te extent of the dividendless lines thus enumateded to 
1,111 miles. It should be remarked, however, that a 
large proportion of the capital raised for American railway 
is represented by bonds, and in many cases in- 


Louisiana, Texas, Arkansas, 
n 


dered terest on bonds is at any rate paid. 


THE JoHN CocKERILL Company.—The profits realised 
by the John Cockerill Company in 1876-7 presented a satis- 
ry increase, as com with 1875-6. Thus they 
amounted to 73,6791., while in 1875-6 the corresponding , 
total did not exceed 47,7981. This excellent result was, 

however, rendered less favourable by the fact that a deduc- 
tion of 16,3431. had to be made from the net revenue of 
1876-7 in respect of bad debts. A dividend of 11. 8s. per 
share is announced for payment November 5. At the close 


and | of June, 1876, the omer F so Ram grey persons ; 
, the 


8510 
at the close of June, 1 had fallen to 7490. 
a comes paid aaee Senay Ba apg tenet in 
correspon amount was * ., Showing a 
reduction of nearly 15 per cent. This result Levey 
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employed, partly to a decrease in the wages 
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THE NEW WAR SHIPS FOR JAPAN 
AND CHINA. 


WE have already mentioned in these pages the 
war vessels under construction in this country for 
the Japanese Government. These vessels are now 
approaching completion, and as they possess, in 
addition to the interest attaching to them as the first 
important vessels entrusted by the Japanese to 
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Fic. 1. IMPERIAL JAPANESE 





Rimsnur 


English constructors, some noteworthy points of 
design, we propose to describe them at some length. 
The ships are three in number, and are named re- 
spectively the Foo-S6, Kon-go, and Hi-Yei, thenames 
of mountains in Japan. We will take the Foo-So first 
in order as being the most important. She is a broad- 
side ironclad vessel of somewhat similar type to 
those designed by Mr. Reed for the Chilian Govern- 
ment, and completed in this country about two years 
ago, and also somewhat similar to, but much more 

ywerful than, the Fethi-Bulind and Mukademme 
ies, two Turkish vessels also built from the designs 
of Mr. Reed, when he was Chief-Constructor of the 
Navy, and which have performed excellent service 
during the present war. The Foo-S6, although 
but little larger, has been made much more 








formidable than the Turkish ironclads referred to, by 
means of improvements which the later date of her 
design has rendered practicable. She has, in 
addition to the main deck battery, an upper deck 
battery carrying two guns of 17 centimetres bore 
with fire right forward and aft, and commanding the 
whole horizon, and her armour is attached to the 
hull in a novel manner, which is described further 
on, Subjoined will be found the profile of the 








Fic. 2. IMPERIAL JAPANESE CORVETTES “ KON-GO” AND ‘‘ HI-YEI,” DESIGNED 


Foo-s5, while Figs. 3 and 4 on page 374 show the 
upper and main deck plans, The following are her 
principal particulars : ft. 
Length between perpendiculars... 
Breadth, extreme ... rik oid 
Depth in hold __... ove 
Draught of water { = ge d re 
Height of port from low-water line... 
Displacement in tons... E 
Indicated horse power ... 
Speed in knots... me be a5 
Complement of men and officers sr 
Main deck battery four 
24 centimetre guns. 
Armament Cgeee deck battery two 


centimetre to fire 
forward and aft. 


we3ee8 
AWOROOR 


ga83 





» 





The vessel is armed with Krupp guns of the 
dimensions stated above, and it be seen that 
they are ono on the central battery system, the 
armour on the sides of the ae ee 9 in, thick 
and on the athwartship bulkh 8in.; access to 
the battery from the fore and aft parts of the main 
deck being by means of armoured doors. The guns 
on the main deck, four in number, have a weight of 
about 15} tons each, and, being fitted on the 
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embrasure plan, command the broadside, and within 
30 deg. of the fore and aft line; the guns on the 
upper deck weigh about 54 tons each, and command- 
ing, as already said, the whole horizon, must be of 
great value as chase guns and for various other pur- 
poses, The machinery of the Foo-S6 consists of two 

irs of com d horizontal surface condensing 
trunk engines by Messrs. Penn, driving twin screws 
15 ft. Gin, in diameter. The boilers are eight in 


number of the cylindrical type, working at 60 Ib. 
pressure; each is 1] ft. 3 in. in diameter, and contains 
three furnaces, each 2 ft. 11 in. in diameter. On 
page 374 will be found a section, Fig. 5, through the 
side of the vessel showing the method of attaching 
the armour to the hull; it will be noticed that the 
armour is supported by, brackets attached outside 
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the frames of the ship, thus allowing a clear line 
from floor to deck for the frame, and avoiding all 
the expensive and often unsatisfactory work of the 
armour shelf as hitherto constructed. The project- 
ing edge of the armour will further act as a bilge 
keel to reduce the rolling. The iron floating batteries 
builtfor the Crimean Warwere similarly constructed, 
but this is the first instance in which Mr, Reed or any 
constructor has applied this improvement to sea- 
going ships; and it — to have the a 
of cheapness and expedition in building, especially 
as the bending of the armour plates to the vertical 
curvature of the ship is in this case avoided. That 
the first advantage exists is self-evident, and the 
existence of the last is proved by the fact that 
Messrs. Samuda, with whom the contract was placed, 
completed the framing and plating of the vessel in a 
very short time, The Foo-S6 is barque-rigged and 
is extremely handsome in appearance; she will no 
doubt be very handy also, her speed being high in 
proportion to her size, and her length being little 
more than 4} times her beam. 

The Kon-go and Hi-Yei are sister vessels, the 
Kon-go being built by Earles’ Shipbuilding and 
Engineering ee of Hull, and the Hi-Yei by 
the Milford Haven Shipbuilding and Engineering 
Company, of Pembroke Dock ; the engines for both 
these ships being supplied by the first-named com- 
pany. On page 371 will be found a profile and on page 
374 (Fig. 6) a deck plan of these ships. The leading 
features of the light unarmoured composite corvettes 
of the Gem class lately introduced to the British Navy 
are now well known, and it was thought desirable to 
supply the iy «er Navy with two vessels of this 
general type, but with some very material modifica- 
tions and improvements obtained by means of some 
increase of size. The vessels forHer Majesty’s Navy 
are in the later examples 220 ft, long, 40 ft. beam, and 
about 17 ft: 6 in. draught, armed with fourteen 64 
pounder (64 cwt.) guns on the upper deck, capable 
of firing 2deg. across the bow line forward and 
2 deg. across the central line aft ; they have a speed 
of about 13 to 13} knots, horizontal compoun 
engines of 2100 indicated horse power, a large spread 
of canvas, steer well, and are very handsome. 
They have, however, no protection above the water 
line for their magazines and machinery, except such 
as is afforded by the stowage of coal in the wing 
bunkers ; this protection, however, is not of a per- 
manent character and is liable to disappear after the 
vessel has been some time at sea. The weight of 
coal carried is about 240 tons. The Japanese vessels 
are 231 ft. long, 40ft. 9in. beam, and 17 ft. 6in. 
draught, armed with six 15 centimetre (about 4 tons) 
Krupp guns on the broadside, two guns of 17 centi- 
metres bore (about 5} tons) at the bow capable of 
firing either right ahead or 32 deg. abaft the beam, 
and one 17 centimetre gun at the stern capable of a 
range from right astern to 35 deg. forward of the 
beam. They have horizontal compound engines of 
2500 indicated horse power, and have also a large 
spread of canvas; indeed the rig of all the three 

apanese vessels has been made as nearly as possible 
the same, in order to make any of the spare spars, 
rigging, or stores available for either ship. The 
corvettes each carry about 280 tons of coal. In 
order to secure the power of fighting the gun right 
aft, Mr. Reed has not adopted the poop and the 
apparatus for lifting the screw from the water fitted 
to the British ships. In the case-of the latter the 
guns can fire only within an angle of @bout 2 deg. 
across the fore and aft line except by removing the 
gun from side to side of the ship. The abolition of 
the screw lifting gear will undoubtedly simplify the 
arrangement of the machinery and disconnect- 
ing gear to allow the free revolution of the screw 
when the vessel is under sail is provided. On one 
important point the Japanese vessels have great ad- 
vantage, that is as regards boiler space ; their greater 
length as compared with the British ships has 
enabled much larger boilers to Le fitted, and, as 
much of the difficulty experienced with the ma- 
chinery of the Tourmaline and her sister vessels 
—_ to have sprung from priming, owing to ins 
suilicient steam space, it is confidently expected that 
much more satisfactory results will be developed in 
the trials of the Japanese vessels. The speed ex- 
pected from them is 13} knots, but judging from 
the beautiful lines of the vessels and their large 
oa power it is not unlikely that this estimate 
will be considerably exceeded. 

One.of the most important features of the Japanese 
corvettes yet remains to be mentioned, and that isa 
belt of armour 44 in. thick extending along the ship 
at about the height of the water line ; this belt is 
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embedded in the wood sheathing of the ship, being 
covered by an outer thickness of plank 3 in. thick, 
thus avoiding any obstruction to sheathing the 
vessel with copper in the usual way. In addition 
to the armour protection there is also that afforded 
by the coals which surround the magazines and 
boilers, but, as we have said, this latter protection 
cannot be depended upon in the later stages of the 
vessel's cruise. The Kon-go and Hi-Yei are certainly 
in appearance the handsomest vessels intended for 
war purposes which we have ever seen ; they are 
more like yachts than men-of-war, and this fact may 
be taken as a proof that fighting power does not in 
all cases involve the ugliness of which so many 
naval critics have complained, We hope to fully 
report the trials of all three vessels at an early date. 
We have spoken in this article of two classes of 
war vessels, it yet remains to allude to a third class. 
Small gunboats carrying powerful guns have un- 
doubtedly a place in a well-organised fleet, and as 
several of them are now in the possession of the 
Chinese Government a comparison of their qualities 
with those of the vessels above described—if powerful 
cruising ships may for a moment be compared with 
mere gunboats—may not be out of place. The 
latest examples of these gunboats supplied to China 
are, we believe, the Gamma and Delta vessels, 
having a displacement of about 430 tons on a 
draught of 8 ft., their length being 115 ft., beam 
30 ft., and freeboard 3 ft. Each vessel can carry 
50 tons of coal in her bunkers, and.is fitted with two 
tripod masts, The boats are each armed with a 38-ton 
gun, and with two 12-pounder breechloaders at the 
stern, the screw being protected forward from rifle 
fire by a shot-proof shield; this, however, with the 
exception of the coal-b and water-tight 
compartments, is the only protection the vessel 
sses against the enemy's fire, although the 
oilers are, we believe, in some parts above the 
load water-line, and, therefore, much exposed. 
The speed of these little vessels is nine knots. 
They are reported to have made a safe and favour- 
out vid the Suez Canal, but it must 
not be inferred from this, as has been hastily done 
in some quarters, that they have thereby proved 
themselves to possess the properties of sea-going 
vessels, and tobe qualified for operating against or- 
dinary ships of war under the various requirements of 
naval warfare. In going out to China all that has to 
be done is to get from port to port at chosen times ; 
and to carry, when commencing each stage of the 
voyage, a sufficient bulk and weight of fuel and 
provisions for the length of time that a straight 
run over it might be expected to last. It was a 
at feat for such small boats to do this as they 
id, but their doing it has not of course shown them 
to have any value as fighting ships capable of keep- 
ing the sea and performing the many various 
duties of sea-going men-of-war, at all times 
and in all weathers. They are doubtless valu- 
able for defending rivers or shallow waters, where 
they can at any time retire into a depth of 
water too small for any powerful sea-goi ¢ shi to 
follow them, or into a port for supplies; but they 
have neither the carrying power, speed, height out 
of water, or steadiness of gun platform that would 
enable them to go to any great distance to meet an 
enemy and fight him at.sea, or to keep the sea suc- 
cessfully for any time except in fair weather. Their 
chief means o: 
their draught; if hard pressed, they can avail 
themselves. of this, and escape easily. by _ re- 
tiring into shallow water; their draught has in, 
this respect been rightly regarded as their great 
merit, and as a very effective means of safety, 
but if they proceed to sea with no path protected by 
which they may easily retreat into shallow waters, 
the only means of defence they have will be gone, 
and they will be at the mercy of any ordinary 
modern war vessels, which will have the choice of 
attacking them at once or waiting a more favourable 
opportunity. The lowness of their speed—a maxi- 
mum of nine knots under the most favourable con- 
ditions—will make it impossible for them ever to 
force an action at sea if they wish to do so, or to 
avoid one in the event of bad weather or any other 
circumstance arising which,. while placing them 
hors de combat, would leave an enemy with efficient 
sea-going vessels perfectly able to fight. It is true 
that the one gun which each boat carries is a very 
powerful one, but, on the other hand, it is floated 
in a hull which even boat’s guns are sufficient to 
destroy, so that the mere boats of such vessels as 
Foo-S6 «nd Kon-go would be equal at times to the 
destruction of these gunboats. The fact that the 





defence lies in the shallowness of |. 


single gun of these Chinese gunboats is without any 
power of lateral training would greatly facilitate 
their destruction by the lightly-armed boats of sea. 
going ships. No doubt a great deal of offensive 
power exists in these gunboats, and everything can- 
not be done in vessels of such small size; still the 
fact that the guns are without training would under 
some circumstances, such, for example, as an injury 
to the exposed propelling machinery, cause these 
vessels to fall an easy prey to other boats. Moreover, 
those who know what river service with gunboats in 
war time is, will not need to be told how often 
they get aground, even under the most skilful 
management, especially in tidal rivers and under fire ; 
and when once aground any other boat—though her- 
self aground too—would destroy these Chinese boats 
with the greatest ease by means of their light guns 
that can fire in any direction. The idea of such boats 
being qualified for general warfare at sea, or at any 
distance from a friendly port, is an illusion, and will 
not bear examination. ‘Their small size only enables 
them to carry a very limited supply of coal and 
provisions, and so fixes very narrow limits to the 
distances they could safely proceed at sea and incur 
the risks of bad weather arising, in which they could 
not fight, or of their retreat being cut off by the 
enemy. Their low speed makes them helpless to 
fight at sea, except when it best suits the enemy 
they should do so ; their low freeboard of only 3 ft. 
makes them unable to fight in seas in which the 
enemy with ships having ports of the necessary 
height out of water could easily take advantage of 
their helpless condition and destroy them; while 
their form and proportion and arrangement of 


weight is such as to give rise to comparatively quick 


be very uncertain and ineff en under those 
favourable conditions of w which would 

the gun to be fired), as, compared 
with the practice that is made in modern war 
ships of larger size. These. boats can only 
fight in comparatively smooth water, and within 
easy reach of shallow water to retreat upon for the 
purpose of defence ; and it is idle to imagine they 
can ever be effective at sea. They will be valuable 
for defending rivers and ports and coast lines of a 
certain character, although even for this they pos- 
sess, as we have seen, one serious defect, which is 
that, if in running into shallow water, they go too 
far and get aground, or get left aground by the tide 
leaving them, they will not be able to train their 
large guns. These guns cannot be moved about in 
the boat, and in such cases, therefore, the gunboat 
would be subjected to the enemy’s fire without 
bern § able to reply to it except in one direction, 
which could of course be easily avoided. These 
small vessels have their uses and advantages and 
are very valuable in their place, but they are con- 
structed exclusively for certain uses, and are very 
ill-adapted for any other. The nation that possesses 
a number of them has a valuable element of de- 
fence, but it has not on that account any offensive 
naval power, or any adequate means of protecting 
its interests at sea, Aspiring, as they justly do, to 
real maritime power, both offensive and defensive, 
the Japanese Goyernment appear to have taken a 
wise course in building substantial and efficient sea- 
going ships. 
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THE PARIS EXHIBITION.—No. VI. 

As soon as the sites of the Qhamp de Mars and 
the Trocadéro. were finally selected, the general 
scheme was put. into competition, on a programme 
the data of which served later as the basis for the 
definite project of the undertaking. From this general 
project were elaborated the various clauses and 
general conditions imposed on the contractors for 
the work. This document was approved in August, 
1876, and is the basis of the various agreements re- 
lative to the construction of the buildings, and the 
works in the parks. The following is a summary of 
the principal arrangements: Each contractor com- 
peting was required to furnish a certificate of re- 
sponsibility, and a deed guaranteeing the caution 
money. ‘The amount of this latter was fixed at one- 
thirtieth of the contract sum, deduction being made 
for all extras, unforeseen expenses, or indemnities 
to be paid. The contractor, in addition, paid the 
costs attendant on giving out the contract (stamps, 
advertisements, duties, &c.), and he was not at 
liberty to sublet any of the work, without the 
consent of the Minister; the costs of the medical 
staff and the appliances for workmen, injured or 








taken ill, in consequence of the works on the Champ 
de Mars and the ‘Trocadéro, as well as the necessary 
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DISTRIBUTION, NATURE, AND AMOUNTS OF CONTRACTS LET FOR THE EXECUTION OF THE WORKS CONNECTED 
WITH THE PARIS EXHIBITION, 


I.—CHAMP DE MARS. 











































































































NATURE OF CONTRACT. Amount. Contractors. Date of Contract. Remarks. NATURE OF CONTRACT. |Amount. Contractors. Date of Contract, Remarks. 
ie at £ £ 
Fences and hoarding 160 | Balulet and Cuinet | August 10, 1876 Ironwork for Fine Arts Gallery, 
Ironwork for Machinery Hail Champ de Mars 10,400 Lelubez February 17, 1877| Rebate 12 per cent. 
and inner lateral gallery on Masonry for the corner pavi- 
the side of the Avenue de la lions of the Palace in the 
Bourdonnaye ... 72,000 | Cie. de Fives-Lille |September 5, 1876 Champ de Mars and Fine 
Ironwork on the side of the Arts porticos ... 18,000 | Dubos and Capy | March 7, 1877 
Avenue de Suffren 72,000 a et Cie. [September 5, 1876 Lee packing and oak wedges 480 | Baluletand Cuinet | March 24, 1877 
sseur et 3 ‘urnishing and erecting two 
Earthworks, Champ de a 600 Lacouritre } September 12, 1876 rows of cast-iron channels: 
Ironwork for inner galleries: for the longitudinal! passages 
~ Angle. Between the Quai running along the uncovered 
d'Orsay and the Avenue de gallery,Champ de Mars ...| 2,000} G. deSt. Phalle March 24, 1877 
la Bourdonnaye ... 53,200 Rigolet September 22, 1876] Rebate 3 per cent. ||Timber work, roofing, &c., 
2nd Angle. Between the Rues Champ de Mars: 
de Suffren and de la Motte Ist lot. Avenue de la Som 
Picquet hae jie ...| 53,200 Moisant September 22, 1876} Rebate 3 per cent. donnaye 17,000 Collet April 17, 1877. |Rebate 17.72 per ci 
8rd Angle. Between the 2nd lot. Avenue de Suffren.. +! 16,000 Poirier \April 17, 1877 | Rebate 17.72 per ct. 
Avenues de la Bourdonnaye Sand and flints 2,800 | Dubos and Capy April 17, 1877 
and de la Motte Picquet ...| 53,200 Roussel September 22, 1876] Rebate 3 per cent. ||Construction and maintenance 
4th Angle. Between the of stonecutters’ workshops, 
Avenue de Suffren and the p de ies +} 1,160 Pombla April 21, 1877 
Quaid’Orsay 53,200 Baudet September 22, 1876] Rebate 3 per cent, ||Cement paving for one-half the 
Offices and Medical Bureau for Palace, side by the Seine 4,000 Biron et Cie, May 17, 1877 Rebate 30 per cent, 
the works of the Champ de i paving for outside 
Mars and Trocadéro... 880 Dubugeaud October 12, 1876 | Rebate 5 per cent. lateral galleries oe | 2,400 Ch, Sébille May 17, 1877 Rebate 25.65 per ct. 
Water-closets on works, Plantation in the parks... 2,400 Deny May 28, 1877 
Champ de Mars and Troca- Cement paving for one-half 
déro oa ne nda | 1,400 Lesage et Cie. October 19, 1876 the Palace, side near the 
Ironwork for Grand Vestibule Ecole Militaire... .,, +| 3,800 | Fairn and Lafarge May 28, 1877 | Rebate 10 per cent. | 
End near the Ecole Militaire} 58,000 Cail et Cie. October 19, 1876 Papier-maché mouldings and i 
Ironwork for Grand Vestibule. cornices of the Grand Vesti- i 
End facing the Seine... 60,000 Eiffel et Cie. October 19, 1876 bule opposite the Seine ...| 3,000 Lechesne June 25,1877 | Rebate 26.55 per cent : 
Earthworks and masonry, Papier-maché mouldings and 
Champ de Mars a 124,000 | Dubos and Capy October 28, 1876 |Rebate 10} per cent.|| cornices for Grand Vestibule 
Supply and erection of cast-iron opposite the Ecole Militaire 3,600 Cruchet June 25, 1877 Rebate 20 per cent. 
gutters and channels for the Rockwork, o. in the park of 
longitudina, passages of the the Champ de Mars ..., 1,800 Combaz June 25, 1877 Without rebate. 
inner galleries... 8,000 | Usines de Mazitres | December 6, 1876 Side walls o the Machinery 
Covering of principal puilding Halls 6,800 | Dubos and Capy June 25, 1877 Without rebate. 
on the Champ de Mars. Fur- Foar vehicies for the gardens: 
nishing and putting in place Forges de Mon- 1st lot. Champ de Mars ... 96 Seignaut June 27, 1877 
the galvanised plates .| 9,200 lataire et de la } December 22, 1876 Cast-iron gutters and channels 
Flooring for interior galleries : Martelitre for grand vestibules and 
Ist lot. Side by the Avenue transverse galleries of 49 ft. 
de la Bourdonnaye 12,800 | Balulet and Cuinet |December 29, 1876/Rebate 10), percent.|| span... ee one «| 1,800 Bigot-Reneaux June 28, 1877 
2nd lot. Side by the Avenue Moulded channels and consoles 
de Suffren .. 12,800 | Balulet and Cuinet |December 29, 1876/Rebate 10, percent,|| in zinc (repoussé work) for 
Furnishing and putti ng in place the grand vestibules, — 
cast-iron gutters and chan- de Mars 2,400 Michelet July 17, 1877 Without rebate. 
nels, for great naves and Turf for gardens ‘and parks eos 800 Deny August 4, 1877 
lateral galleries. Syst#me Framework of Machinery Hall 
Bigot-Renaux . 4,800 Bigot-Renaux December 22, 1876 annexe, on the Avenue de la 
Glazing the Palace, Champ de Bourdonnaye ... ««+| 12,000 Maisant August 4, 1877 
Mars: Supplementary contracts for 
Ist lot. Side of the Avenue ironwork of Machinery Halls 
de la Bourdonnaye.. 12,000 Langoot January 12,1877 | Rebate 5 per cent. and outside galleries : 
2nd lot. Side of the. Avenue Ist. Avenue de la Bourdon- Included in 
. = Suffren .., +. | 11,200 Langoot January 12, 1877 | Rebate 5 per cent. ere ae ee 880 | Cie. de Fives-Lille July 20, 1877 general contract 
oofing : 2 
Ist lot. Avenue de la sae 2nd. Avenue de Suffren ooo 880 | Schneider et Cie. July 20, 1877 { a... 
donnaye .., 24,000 Lemoine January 12, 1877 Supplementary contracts nd g 
2nd lot, Avenue de Suftren.. 22,000 { = } January 12, 1877 ee Bm ny ed ~ £ = 
Furnishing vegetable earth for 3 1st. Opposite the Seine 1,680 Fiffel et Cie, August 16, 1877 Included in 
the Champ de Mars .,.. 4,000 Alasseur et Cie. February 6, 1877 2nd Opposite the sgt: ’ , ' ’ general contract. 
Furnishing vegetable earth for Militaire 2.000 Cail et Cie August 16, 1877 Included in 
the Uhamp de Mars... ...| 480 Bourgeois February 6, 1877 a a: ‘4 . . general contract. 
II.—TROCADERO. 
NATURE OF CONTRACT. |Amount. Contractors. Date of Contract. Remarks. ] NATURE OF CONTRACT. jAmount. Contractors, Date of Contract. Remarks, 
| | 
£ £ | 
Fencing 8C | Balulet and Cuinet |September 27, 1876 || | 
Foundation and “underground | Plantations in park 1,600 | Deny May 31, 1877 
work of the central part of| lazing, material and labour .. 6,054 | Chamanillet June 11, 1877 
Palace ... 13,200 Laurent October 27, 1876 |14 per cent. increase. Main Cascade... 24,800 Masselin & Tabanon| June 11, 1877 Without rebate. 
Foundation and “underground | (and ‘vont a inner sami | 
work of the left wing of || and ven ion conduits 0} 
Palace .. . S ©") 10,000 Masselin October 27, 1876 |9} percent. increase. || the Main Hall ., 2,400 { Moen Heue'} June 11,1877 | Without rebate. 
Foundation and “underground I ‘Root of Main Haii and sundry | , 
work of the right wing of; | ironwork of central portion Toly Théophile, 
Palace ... e aah «| 13,600 Maujan October 27, 1876 |10per cent. increase.| and 22,400 | Toly © % June 29, 1877 Without rebate. 
Preliminary work ..,  .../ 2,400 Lion October 27, 1876 ||Four vehicles for the gardens: 'C and Delafay 
Filling up old quarries: 2nd lot ... 96 Seignaut June 29, 1877 
Ast lot. Central portion and d |Stonemasons and moulders’ | 
part near right wing 20,000 |Masselin & Laurent) January 24, 1877 | workshop 256 Pombla June 27, 1877 
2nd lot. Part east of right . |General rooting "work’"of ths Monduit, Paget)! ary 17. 1877 
~ wing . iooada 7 yore Maujan January 24, 1877 ! PalAGD 200 8 cen cso seal 2ABOD | { Gauthier’ et rte y 17, ‘Without rebate. 
‘Tight wing - > “| 20,000 Manjan February 10, 1877 | Excavations for the Aqnarium| 2,000 | Maujan July 17, 1877 Without rebate, 
| Masselin nly. [Covering of ee y — 
Left wi a eect ee Masselin February 10, 1877|4 2nd considera- || tiles, for wings and Centra 
— phe { tion, \} et oe 3,600 Chassagne July 17, 1877 Without rebate, 
Tro: k i ..| 7,000 Toly et Cie. Feb 6, 1877 ||Construc mo pa 8 rains, 
ea Massslin, Degé,}| una ns sar “and earthworks in park ...| 15,200 y2asion July 24,1877 | Without rebete. 
Masonry of central facade | 80,000 and Hotin , March 31, 1877 i| and 
Flooring of first story ~_ Glazing roof of Palace .., | 1,800 { Sue Courboulay } July 31,1877 12.60 percent. rebate, 
roof panels of intermediate} Toly. Toly and } " pws —- = = - 3,600 August 4, 1877 
pavilion 4,200 4 . | April 24, 18 ras for fa¢ maso sai 
F cundation of left wing and re-| Delatay , | central portion of Palace ... 1,600 { ian, Ds ‘ August 4, 1877 phe jk A 
taining wall in front of ~* |Coment pav ving . 1,600 Biron et Cie. August 11, 1877 
Rue Franklin ... 1,400 Masselin May 2, 1877 |Organ in the Salle des Fétes :..| 1,800 Cavaillé-Coll August 14, 1877 
gy [cme = =) os] come | Anpeesnae 
of front pavilion «| 1,400 Maujan May 2, 1877 ||Rockwerk, So. ... cee ey aed | Com “ 
provision to be made for the widows and children , sufficient, the State will make up the difference. | obtained at the places named in the schedule, and 
of any men killed during the wy nos of the works. | The contractor is bound to supply, at his own cost, | in the event of new quarries being opened, this is 
This service is organised by t irector of Works. | depts, carts, horses, and other appliances necessary done at the cost of the contractor, but if such quarries 
He is provided with funds amountin ng to 1 per cent. | for carrying out the works, with the exceptions | have been opened by permission of the Administra- 
on the amount of the contracts, That portion of | stipulated for the establishment of workshops, tem- | tion, the contractor will not be at liberty to sell any of 
this amount which may remain unemployed at the poser roads, &c.; the cost of setting out work, | the stone obtained without special consent. Materials 
termination of the contract, will be devoted to | lighting, and all other auxiliary outlays, are also | havein all cases to be of the best quality, to be pro- 
public charity ; on the other hand, should it be in- | at his charge. Some of the materials 7 to be | perly worked, and put in place conformably to the 
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DISTRIBUTION, NATURE, AND AMOUNTS OF CONTRACTS LET FOR THE EXECUTION OF THE WORKS CONNECTED 


WITH THE PARIS EXHIBITION. 














Ill.—ANNEXES. 
NATURE OF CONTRACT. A Contractors. Date of Contract. Remarks. NATURE OF CONTRACT. Amount Contractors, Date of Contract. Remarks. 
§ d shafting f . 
ent of Pont d’Jena, 10. Engine an . a Usines de Mar- 
7” 80 1 
cutting (right side) =| 10,400 fe eay  ¢| April 16, 187 11. Engine and shatiing for quise (Pinart) J} June 25,187 
Motive power in French Sec- : Delafay Section I.... ne od 80 |Lecomte and Villette} June 25, 1877 
; 12. Engine and shafting for 
Sections land? x | 1,720 { oeeneld Dreux }| April 27, 1877 Section Il... | 80 | Claparddeet Ole. | June 25, 1877 
2 rr 1,400 Do April 27, 1877 13, — << —ss 6S Artige Suse. tart 
<= ee 1,360 | Belleville et Cie. April 27, 1877 14, Engine and shafiing for " 
8, 9 1,280 f Veyher and April 27, 1877 Os, Poe 80 | Thomas and Powell} June 25, 1877 
. i : Richemons ’ 15. Engine and shafiing for 
» 10 + -..| 1,400 | Cle. de Fives-Lille April 27, 1877 ; Section V.... ose oni 80 Bréval June 25, 1877 
Quay works (left bank) cutting Buildings for Jury in the 
and slopes “7 ss --| 17,200 | Dubos and Capy May 3, 1877 Champ de Mars on «| 8,000 Michau July 6, 1877 5 per cent, increase. 
= , 4 -*- Billy, this Putting in motion machines 
80! — 
cutting oo, ties «= oe BROOD Perrichont May 17,1877 _|9 per cent. increase. eT Lge a ~~ 7 -* 
Structure for transmission Mars, as follows: 
Haldy, Riech- . 
shafting of Machinery Halls| 15,200 fe ling, ot Cie. }] May 28,1877 | Rebate 11 per cent. || 1. Line of shafting, Section) = rae en 
e. raledes | 2 eee eos eee : q 
Wat se | nt |Uieer ae Face | Mera r7 | wonont tan, | Ener enter =] [Steed Sora] 309 iat 
Mak'ng and ballesting roads,,.| 4,000 | Dabos and Capy June 11, 1877 Without rebate. 4 
Depositing road material «| 2,000 Cie. de l'Ouest June 29, 1877 Without rebate. 4. Engine and shafting for = d contract 
Driving jpachinery placed in aamente. ca 80 Bayer July 13, 1877 yi Ma ay 
fy ~~ —_ Driving piles in quay works u - chinery. 
1. Engine end shefting for} = fObry end Gran-¥| juno 99,1877 (leftbank) .... w. «| 1,800 f Gunner July 31, 1877 Without rebate. 
ction ILI, oe oe demange . The tend 
2. Shafting for Section IX.... 80 | Peat and Hignette June 23, 1877 Construction of the Algerian , oh re, a 
& Engine and shafting for Palace ... ose ese ...| 6,200 Lasnier August 11, 1877 ted until th 
Section V. “pag 80 Cail et Cie. June 25, 1877 — 
4, Engine and shafting for is 
Section IIL... «| 80 Duvergier June 25, 1877 no PR 
5. Engine and whafting for and Swedish Sections ...) 840 Cordier August 21, 1877 
Section VL - o 80 Farcot et Fils June 25, 1877 Ville de Paris building : 
6. Three lines of shafting for 1. Foundation .., e-| _ 1,400 Michau August 21, 1877 
Sestions 1, Vi, end Xij 360 Cochesd June 25, 1677 @ Ironwork. | 17,200| ~—Eiiffelet Cie. | August 18, 1877 
t = yt may x Ironwork for annexes, Quai de ome Senten s son toe 
‘ Société d’Anzin Billy... oe — ~— ude ugust 28, 
. anes ont’ chatiine tc} 1 | de Quillacy) June 25, 1877 Fireplugs, Champ de Mars -..| "92 Balulet and Cuinct | August 28, 1877 
Section Vi. | 90 | Boudier Fils June 25, 1877 eo eA ae) 
9. Line of shafting for 40 Joach: August 28, 137 
eee we ae Crozet et Cie. June 25, 1877 gerian Sections | 4 ochim RENE, Se 



































specifications, and close inspection will be constantly 
made of all materials and work, but notwithstand- 
ing their having been temporarily accepted, they 
may be afterwards rejected if they should not come 
up to the standard of excellence required by the 
inspecting engineers, These latter can also call on 
him at any time to pull down and reconstruct work 
that has not been erected in exact accord with the 
drawings, unless the inspectors should satisfy them- 
selves that such departures are improvements, but 
in po case can the contractors claim additional pay- 
ment for such services, but if, on the other hand, the 
dimensions of the work executed are reduced by such 
approved alterations, a pro rata reduction will be 
made in the amount of the contract. The Adminis- 
tration reserved all right of property in materials 
found in making excavations, and erecting build- 
ings on the Exhibition lands belonging either to the 
State or the City of Paris, as well as in all objects 
of art found in course of the work. The inspect- 
ing engineers and architects can, at any time, order 


the demolition and reconstruction of any work they | 
consider defective, up to the period of definite ac- | 


ceptance, The expenses resulting from this inspec- 





tion are at the cost of the contractor, it being proved 
that the complaint of bad construction is well | 
founded. In the event of a subsequent increase of 
the works, the contractor is bound to continue them | 
up to one-sixth beyond the original amount; above | 
this, however, the contractor has the right to claim 
a rearrangement of the contract, In the event of 
the amount being reduced, the contractor can take 
no steps until the amount exceeds one-sixth less | 
than the original sum, but if it be more, he is at 
liberty to claim a certain indemnity, which if it cannot 
be otherwise settled is referred to the Council of the 
Prefecture. When any changes or departures 
from the original design have been ordered, and of 
such a vature that the difference affects the con- 
tract more than 33 per cent. either im excess or the 
reverse of the detailed bills cf quantities, the 
contractor may ultimately present a demand for 
indemoity based on the damage he has sustained, 
owing to such modifications baving been introduced. 

At the end of September, 1876, the Contract 
Committee met to examine the first propositions 
submitted for the construction of the irouwork on 
the Champ de Mars, The tenders for masonry 
and earthworks were then considered, and at the 
termination of October, 1876, the works of the 
Champ de Mars were in full activity. ‘Those on the 
Trocadéro were started at the same time; the 
foundation and basenients, which altogether in- 








cluded 1,065,000 cubic feet of masonry, were di- 
vided into three lots, corresponding to the two 
wings and the central building, and were given to 
three different contractors, who undertook to finish 
the work by the Ist of March, 1877. These works 
were complicated from the commencement by un- 
foreseen difficulties; the condition of the quarries, 
which had been abandoned and filled in, involved 
using costly works, which increased the cost of the 
enterprise in formidable proportions. By the lst of 
September, 1877, the balance of the contracts was 
let for the various works of the Exhibition, amount- 
ing altogether to 1,334,914/. We give on page 365 
and the present page, particulars of these contracts 
with the dates they were concluded, the amounts 
agreed on, and the names of thecontractors, With 
our next article we shall give a summary of the 
whole. We also publish this week a two-page en- 
graving of the main columns and window for the 
Machinery Halls. These views will be duly de- 
scribed in a future article when dealing with the 
various constructive detaiis of the Exhibition build- 
ings. 








THE PENNSYLVANIA RAILROAD. 


No. XLVI.—STANDARD PassENGER S1x- WHEEL Car 
Truck. 

Tue standard passenger six-wheel car truck differs 
in its construction widely from that just described. 
It is shown in full detail in Figs. 1 to 28 pages 375, 
378, 379. The total length of the truck is 13 ft., and 
its outside width 7 ft. 1} in. The main side frames are 
9} in, by 4}in., and the end timbers are 44 in. by 54 in. 
The wheels are 33 in. in diameter and 4 ft. 6 in. 
apart from centre to centre. The pedestals are of 
the same pattern as those in the four-wheel truck, 
and they are connected at the bottom by a flat 
horizontal bar (L) 3$in. by }in. thick. These are 
tied together at the two points M M by round bars 
lin.in diameter. From the outside pedestals to the 
end frame a strut K, 1} in. in diameter and with sole 
plates at each end, complete the bracing of the 
frame. Iron beams Qin. thick and 3}in. deep in 
the widest part take their bearings on the axle 
boxes. They are of the form shown in Figs. 1 and 
15, where they are marked O. Between the upper 
edge of these and the underside of the side frame, 
rubber block springs U U are interposed, resting in 
sockets of the form shown. The arrangement of 
bolster frame will be understood from Figs. 2, 3, 5, 
and 6. Transverse timbers 34 in. by 9 in. and 58 in. 
apart in the clear, span the distance between the 








main side timbers and in the middle of their length. 
Parallel to them and 103in. within, longitudinal 
timbers 33 in. by 5} in. pass from the transverse beam 
D tothe endtimber B. Between BB the bolsterframe 
is placed. It consists of two timbers E E, 73in. by 
8in., and two, F F, 6in. by 7 in., connected together 
to form a rectangular frame, and measuring 50 in. 
by 572in. On the top of this, timbers 3 in. thick (G) 
are placed, and in the centre two others JJ. The 
frame is tied in longitudinally by two in. bolts, 
and trussed by rods z z of the same size taking their 
centre bearing on a plate z', and bolted up against 
the plate Y on the top of theframe. Strengthening 
bars RR, Figs. 1 and 13, are recessed into the top 
sides of the frame and are bent to the form shown, 
as the centre of the bolster frame rises in the middle 
to receive the cast-iron centre plate. The whole is 
covered with light sheet iron, as shown. ‘Two 
horizontal tie rods running transyersely are alsu 
introduced, T' T!, Fig. 6. The centre plate is 163 in. 
in diameter, and corresponds with that described 
before. Itis secured by the bolts which pass through 
the framing and the plate z' already mentioned. 
The bolster frame is carried upon four pairs of 
springs arranged in couples, They are marked V 
and are built up of seven plates each. The clips 
bear upon cast-iron plates at top and bottom, the 
former being bolted to the timber E and the latter 
to the beam I, Figs. 3 and 5. The same figures 
show the manner of suspension. On the one hand 
a bracket W" passes around the timber D, and is 
bolted thereto by two }in bolts, and on the other 
the ,bar W’ is bolted to the side timbers A, and 
stretches between them the whole width of the 
truck, The links W W, 8 in. between centres of 
pins, are attached respectively to the bracket and 
the bar and below to the casting W'", through 
which a 1} in. pin passes and retains the whole 
in position. The underside of these brackets is cut 
away to allow for clearing the tie M, which, as 
will be seen from Fig. 5, is placed close beneath 
it. The size of the timber I is 73in. by % in, 
Guard brackets K', Figs. 3 and 5 and detail Fig. 
9, are provided, as well as axle guards A' and A”’. 
A bar B', formed as shown, passes transversely 
between each outside pair of axle guards. That on 
the right-hand end of the truck in the drawing has 
attached to it in the centre a spring plate C', which 
bears against rubbing plates in the floating brake 
beam D', and replaces the spiral springs employed in 
the four-wheeled truck. The eye bolt E' passes 
through the floating beam which is protected under- 
| neath by the iron plate D"’, and to it is attached the 
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brake link F!, the forked end of which at the oppo- 
site extremity of the truck is connected to the lever 
G’, attached to the floating beam by the forked bar 
H' and moving at its upper end in the guide I'. 
As in the case of the four-wheeled truck the com- 
pleteness of the drawings renders further description 
unnecessary. Similar parts are properly lettered 
throughout in the general view as well as the de- 
tails, and all dimensions are added, 








THE PROGRESS OF STEAM SHIPPING. 

Ar the first. ordinary meeting of the session of the In- 
stitution of Civil Engineers, held on Tuesday, the 13th of 
November, Mr. George Robert Stephenson, President, in 
the chair, the paper read was a ‘‘ Review of the Progress of 
Steam Shipping during the last Quarter of a Century,” by 
Mr. Alfred Holt, Memb. Inst. C.E., of Liverpool. In the 
interval referred to it might be broadly stated that British 
carriage by sea had been transferred from sailing vessels to 
steamers. The production of steamers had been greatly 
fostered at the commencement of the period by the remune- 
rative nature of the transport services during the Crimean 
War. Three changes of construction had rendered this ex- 
tension possible. They were—the screw propeller, the iron 
vessel, and the compound engine. The peculiar merits of 
the screw propeller were, that it was equally effective at 
varying draughts, that it was indifferent to rolling, and that 
it was capable of being used either for low or high powers. 
By the construction of iron vessels much greater carrying 
capacity, in proportion to the power required for propulsion, 
was possible than could have been attained with wood. 
The process of lengthening the vessel, for the purpose of 
arriving at the greatest displacement with the least resist- 
ance, had gone through several interesting phases. Pro- 
bably the most economical vessels were now somewhat of 
the following proportions : Length 7# times the beam, and 
depth § to # thereof. These vessels had engines of one 
nominal horse power to 10 tons of gross register tonnage, 
and realised an average speed of 83 knots per hour. The 
compound engine was merely an application of long- 
enunciated ideas to appropriate purposes. The three proper- 
ties of steam—direct pressure, expansion, and condensation 
—could, no doubt, be utilised for the production of power 
more economically in one cylinder than in two or more; 
but the circumstances suiting such application rarely pre- 
sented themselves afloat. A long stroke, a deliberate 
movement of parts, and an arrangement of valves admitting 
great range of expansion, and therefore complicated in 
details, were necessary. The first and second were not 
practicable, and the third was inadmissible, in a screw 
steamer ; but where these could be obtained, as in the 
walking-beam engine of the American paddle-wheel boat, 
the duty performed for the fuel consumed approached very 
nearly to that of the best compound engines, although the 
pressures were much less. The Americans had consistently 
held to the single cylinder, and there was a laudable, and 
frequently most successful, daring in their designs. It 
was even a matter of reasonable speculation whether the 
compound engine might not yet be abandoned, and a 
return be made to the single-cylinder engine, modified in 
details to suit high-pressure steam. The various types 
of screw engines in use since 1852 were then described, 


accompanied by a statement of the consumption of coal in | pe 


the different types, showing progressive economy, result- 
ing in a consumption of just under 4 lb. of coal per indi- 
cated horse power per hour. This was, however, too 4 
for long voyages to be remunerative, if exclusively supported 
by freight and passage money. Hence, attention was directed 
to the use of high-pressure steam in two cylinders, the 
great pressure ina small cylinder and the small pressure 
in a large one. For many years Messrs. Randolph and 
Elder had constructed engines on that principle, and to 
that firm was attributed the introduction of the compound 
engine for marine purposes. The arrangement which had 
found most favour was the inverted type, with the cylinders 
alongside each other, and the cranks coupled generally at 
right angles. Another arrangement, now coming into 
vogue for large engines, was that with four cylinders in 
two pairs, each pair concentric, usually with the high- 
pressure cylinder on the top, and having one common 
piston rod. There were many other arrangements, some 
with combined horizontal and vertical cylinders, others with 
three cylinders, and a considerable number with two cy- 
linders adjusted as a singie engine, one crank and a fly- 
wheel. As fresh water, or an approach to it, was abso- 
lutely necessary for high-pressure boilers, surface con- 
densers were employed, and the cooling surface was 
generally provided in small thin brass tubes. The boilers 
varied in design, but the general type was similar (with 
the modifications necessitated by the higher pressure) to 
the old low-pressure boiler. The consumption of the best 
Specimens of such engines as had been described varied 
from 2 lb. to 24 Ib. of good coals per indicated horse power 
perhour. Increased economy must, in future, be sought 
in higher pressures, changed proportions and improvements 
of detail. Twenty-five years ago twice as much fuel was 
required as was now burnt; if in the next twenty-tive 
years 20 per cent. further reduction took place, it was as 
much as could be hoped for. Viewed from the side of the 
owners’ pocket, coals were no longer the chief item of ex- 
penditure ; there were other and heavier disbursements in 
which to effect a saving— wages, dues, insurance, repairs, 
&c. The indicator diagram was not implicitly to be relied 
on as a test of useful effect, though, as an instrument to 
detect faults, the value of the indicator was considerable. 
ey of form, accessibility of parts, freedom from 
likelihood of derangement and ease of repair, were becoming 
daily more marked features in the steamboat engine, 
even if these entailed slight departures from the most 


economical form. Forty days’ continuous steaming, 





without a stop, was not an uncommon performance, and 
the longest distances in the world were now accomplished 
by steamers. The reason of the unforeseen failure of the 
auxiliary steam vessel was, probably, twofold. In such 
vessels the sailing de ment could not be economised, 
while it was practically impossible to keep the engine ex- 
penses in a reasonable proportion to engine services. 

No review of recent steamboat enterprise and progress 
would be complete which did not touch on the part Govern- 
ment had played in various ways, whether (1) by subsidies 
for maintenance or assistance of mail services; or, (2) by 
interference in design, condition, and equipment, on the 
plea of providing for public safety. Both were difficult 
problems, but unmixed good had certainly not been the 
result of this action. Postal subsidies brought lines earlier 
into existence, but postponed improvements. They were 
monopolies, the Government money being used to crush 
competition. In the author’s opinion, the day of subsidies 
was nearly over. The Board of Trade inspection had 
grown up from a simple survey to a minute and compre- 
hensive inspection. This was attributable to the popular 
outcry for safety, and the resulting emotional legislation 
was the cause. The executive department of the Board of 
Trade professed dislike to much of this interference ; never- 
theless, its officers were instructed to survey so much in 
detail, and according to lengthy directions, as actually to 
amount to designing. The system was too new to have 
wrought much ill as yet; but resistance to novelties and 
preference for stereotyped forms might naturally be ex- 
pected. The eccentricity of the laws was noticeable, of 
which one illustration might be given The public rode 
with perfect safety behind a railway engine, the boiler of 
which contained steam of 120 1b. pressure ; whereas in a 
steamboat the pressure was restricted by law to about 70 lb. 
Although no doubt a few persons had reaped considerable 
rewards, yet as a whole, and viewed over a series of years, 
ship owning had been a bad trade for most of those engaged 
init. It was a matter of frequent remark, that profit and 
comfort were driven out of any trade a steamboat entered. 
In fact, the one who had almost alone benefited by the 
change had been the consumer. 


COSMICAL DUST. . 

A RECENT number of the Bulletin de la Société Vaudoise 
contains an interesting réswmé of the investigation which 
has been made of the metallic particles existing in the air, 
and which do not appear referable to any terrestrial 


origin. 

The attention of modern physicists has been directed to 
the particles of dust which are at all times floating in the 
air. Many of them come from the soil, but some are 
characterised by a special chemical composition and form, 
which show that they have reached us from the interplane- 
tary spaces. In 1825, Brandes examined, during a number 
of successive months, the chemical substances contained in 
the rain water, near Salziiflen, in Germany. He found 
various organic and mineral substances, among which oxide 
of iron was especially noteworthy. In 1851, M. Barral, in 
a series of analyses of the rain water collected at the Paris 
observatory, distilled 5.57 litres of water, which gave him 
a dry, yellowish residuum, weighing 183 milligrammes, a 
— of which was insoluble in water, alcohol, or ether. 

ts solution in aqua regia gave all the reactions of iron. 
The idea of attributing these minute particles of iron to a 
fall of cosmic dust seems first to have occurred to Ehren- 
rg. After analysing numerous specimens of dust, which 
had fallen upon vessels at Malta and in the Indian Ocean, 
he at first supposed that they were of African origin; but 
noticing their difference from any of the African sands in 
colour, the great geographical distances which they must 
have travelled according to his first hypothesis, and the 
amount of oxide of iron which they contained, he broached 
the theory that they had fallen from the upper layers of the 
atmosphere. 

This hypothesis -was adopted and extended by M. 
Nordenskjéld. In a letter to M. Daubrée, September 9, 
1872, he mentions finding, in a careful analysis of snow, 
soot-like particles, containing organic matter and minute 
pellets of metallic iron. Thinking that this dust might 
possibly have come from the chimneys of Stockholm, he 
requested his brother, who lived in a remote part of Finland, 
to collect and send him some snow, in which he found 
particles of the same description. In 1873 and 1874 he re- 
peated his observations at Spitzbergen, and on the glacier 
of Inlandis, in the interior of Greenland, finding magnetic 
iron, oxide of iron, nickel and cobalt, which satisfied him 
of ‘‘ the existence of a cosmical dust, falling imperceptibly 
and continually.” 

In 1875 and 1876 Gaston Tissandier and E. Young, in- 
dependently collected dust from the towers of cathedrals 
and other elevated places, which they subjected to chemical 
and microscopic examinations. By means of a magnet 
they discovered small spherical corpuscles with a slight 
roughness, which made many of them somewhat bottle- 
shaped, resembling, in appearance, iron which has been 
reduced to an impalpable powder, and burntin a hydrogen 
flame. Young also collected snow at Montreux, Les 
Avants, Hospice of St. Bernard, and Chanossal, bein 
careful to avoid the lower layers, which might have absorbe 
something from the soil, and the upper layers, which might 
been stained by vegetable débris. The residues from the 
evaporation of the several samples were first dissolved in 
distilled water, which separated the chlorides, then in pure 
chlorbydric acid which showed no trace of iron. Chemical 
reagents showed the presence of iron in each of the 
residues, and there were often irregular particles which 
were attracted by the et. He found none of the 
characteristic globules, but M. Tissandier found them in the 
sediment of some snow which his brother collected on 
the side of Mont Blanc, at the Col-des-Fours, at a height 
af 2710 metres. 

M. Young proposes to continue his observations on a 
larger scale. He feels justified already in affirming that 














the interplanetary spaces are not destitute of solid materials, 
but they contain very minute metallic particles ; that those 
particles, when drawn into our atmosphere, Bn im- 
portant part in the dispersion of light, as Tyndall has 
shown by his experiments ; that they help to explain the 
luminous trains of bolides and the peculiar s of 
aurore boreales, and that these microscopic aerolites, by 
their daily arrival, must increase the earth’s mass, so as to 
afford an explanation, as M. Ch. Dufour has shown, of the 
moon’s 8! x acceleration. He closes his paper with the 
following conclusions : 

1. That iron exists in all the dust which has been accu- 
mulated, in church towers, by the winds of ages. 2. That 
this iron, floating in the atmosphere, is trapped in its fall 
by the snow, in which it is Sea found. 3. That its 
globular form indicates that it has been raised to a high 
pos ey ag ye facts a = Lon —% —— 
origin. 5. it plays an importan’ in the physics 
of the globe, but that svience, in order to fully understand 
it, should seek to estimate the phenomenon quantitatively, 
and to study it in its variations. 


THE EARTH-CLOSET SYSTEM. 
To THE EpIToR oF ENGINEERING. 

Srr,—I always knew the Rev. Henry Moule to be a 
very ingenious man; but I am really surprised that he 
has been able, out of the material furnished by my com- 
munication, to invent an adverse criticism of his system. 
My confidence in the widely extended usefulness and value 
of the earth-closet system can hardly be less than Mr. 
Moule’s own. 

When I wrote the communication, published in your 
issue of August 24, 1877, I supposed that I was rendering 
very efficient service to the cause which Mr. Moule has so 
much at heart. As I read it over again it seems to me 
that this must be the opinion of any unprejudiced reader. 

Mr. Moule speaks of his twenty years of disappointment. 
I believe that a yet of his disappointment 1s due to the 
stress which he laid on the importance of the manure 
element of the earth-closet question. His success is to be 
sought nae largely through the exercise of purely sanitary 

uments. 

he people who most need the earth closet are those who 
want to get rid of a source of nuisance and danger. 
Monurial value is a very secondary consideration with them. 
The _ who want to buy manure usually prefer to 
avoid the bothersome detail of attending to earth closets. 
Village authorities may find that the value of the manure 
for sale reduces the cost of scavenging very materially, but 
this is secondary with them. 

If Mr. Moule wants to see the use of his invention ex- 
tended, he should lay chief stress upon the sanitary argu- 
ment, and show how slight an item of cost the supply of 
earth may be made. 

So far as one experiment can go, mine seems to me to be 
a strong indication in this direction. 

The value of earth-closet manure, to which Professor 
Church and Mr. With attest, may be ly accounted for 
by the degree to which organic matter, decomposing 
within the pores of the soil, renders its inert ingredients 
available for vegetation. If the manure is used in a 
tolerably fresh condition, the added organic matter will still 
be available. The alkalies and phosphates of the faces 
always remain, and they have value. hether the manure 
is worth more than it costs or no is of minor importance. 
What we want first to know is that the closet is effective 
and practical, and that there is no foundation for the old 
objection based on the enormous amount of earth required 
to supply any considerable town. 

Mr. Moule says, “‘ Although the ammonia of excrement, 
when once that excrement has become intimately mixed 
with dry earth, has passed ont of the region of chemical 
analysis so that no chemist can fetch it back, it has neither 
vanished into worthlessness as fessor Voelcker would 
seem to say, nor hag it, cooennate Mr. Waring’s or 
been burned.” I am really at a loss to know what to reply 
to this. If in my experiment 800 lb. of solid dry matter, 
containing 230 ib. of ‘actual nitrogen, were mixed with 
4000 lb. of earth and ashes, and if at the end of the six 
years’ trial it had absolutely disappeared (ash 7 £0 
that the delicate tests of chemical analysis failed to discover 
it, I think any chemist and any mathematician will sustain 
me in the opinion that it has either vanished into worthless- 
ness or been burned (oxidised ). 

I am, Sir, very respectfully 
Gzo. E. 


Socrery or ARTs.—The programme of the arrangements 
for the coming session has fist been issued. The opening 
meeting will be held on the 2ist inst. At the second meet- 
ing, on the 28th, a paper will be read on “‘ The Telephone,” 
by Professor Bell, the inventor, and among the other papers 
to be read before Christmas is one on ‘‘ Freedom in the 
Growth and Sale of the Crops of the Farm considered in 
its bearings upon the Interest of Landowners and Tenant 
F by Mr. J. B. Lawes, F.R.S. Three courses 
of ‘Cantor Lectures’ are announced: First course. on 
“The Manufacture of Paper,” by Mr. William Arnot, 
F.C.S. ; second course, on ‘The Application of Photo- 
graphy to the production of Printing Surfaces and Pictures 
in Pigment,’ i Mr. Thomas Bolas, F.C.S. ; third course, 
on ** Some Researches on Putrefactive Changes, and their 
Results in relation to the Preservation of Animal Sub- 
stances,’’ by Mr. W. B. Richardson, M.D., F.R.S. The 
second and third courses do not commence till after Chris'- 
mas, as is also the case with the first mectings of tie 
Chemical, African and Indian Sections. An additional 
course of three lectures, on ‘‘ Explosions in Coal Mines,’’ 
is to be delivered by Mr. T. Wills, F.C.S., on three 
evenings in January and February. It is stated that the 
conference on ‘‘ Health and Sewage of !‘owns’’ is to » 
repeated, and that a second “ Congress on Domestic 
Economy” will be held this year at Manchester. 
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THE PENNSYLVANIA RAILROAD; SIX-WHEELED TRUCK. 
(For Description, see Page 376.) 











‘ Ne 
ob Re 


= 
x 

































NOTES FROM THE SOUTH-WEST. 
_ South Wales Coal and Iron.—The exports of coal and 
iron from all the South Wales coal ports in October showed 
a considerable falling off. The corresponding month of 
last year was a month in which the exports were low, but 
those of last month fell below it. From Cardiff the 
quantity of coal exported to foreign ports amounted to 
266,629 tons, against, in the corresponding month of last 
year, 306,205 tons. From Newport the quantity of 
shipped to foreign ports was 44,369 tons, against 54,966 
tons in the corresponding month of last year. Swansea 
shipped 59,404: tons, against 62,520 tons. wise, 
Cardiff shipped 70,437 tons last month and 70,127 tons in 
October, 1876 ; Newport 67,684 tons, against 73,579 tons 
in the corresponding month of last year ; Swansea 18,134 
tons, against 23,593 tons for October, 1876. The quantit 
of iron shipped from Cardiff last month was 8868 tons, an 
from N rt 5770 tons. The shipments are om con bag 
excess of those for last year, but below those for September. 


Cardiff Tramways.—The Cardiff Tramway Company 
have affixed the usual notices on the lamp-posts in the 
streets, announcing their intention to go to Faclament for 
powers to extend their tramways to th Court, and to 
the corner of Llandaff-road. 


Exeter Water uaty salt the last Exeter Town Council 
meeting it was resolved to again approach the local water 
company with a view to the purchase of their works and 
basiness. It will be remembered that negotiations were 

roken off a short time since in consequence of the com; y 
having demanded, as the terms of sale, 8 per cent. in 
perpetuity on their share capital, and having refused to 
exhibit their books to the council, so that the latter might 
ascertain whether or not the business was worth the terms 
asked. Ata meeting held about a fortnight since for the 
Purpose of forming a new company, it was suggested by 
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one of the speakers that the existing company should have 
been tried with an offer of 7 or 74 per cent., and at the last 
meeting of the council the idea was en up Mr. 
Wilkinson, who afterwards pressed it successfully in 
committee. The committee recommended that 7 per cent. 
should be offered, and this was carried in the council with 
only a few dissentients. 


Cornwall Minerals Railw c 
Railway Company having handed over their lines to the 
Great Western atoes Company, the former company 
have this week paid to Dr. Treffry, of Place, Fowey, 
103,5007. as the agreed amount of purchase money for the 
Par tramway, the Newquay tramway, and the Newquay 
quays, being a portion of Treffry’s estate freehold —- 
The receipt of this large sum will free the Treffry esta’ 
from all its liabilities, and will terminate the trusteeship. 


Monmouthshire and South Wales Collieries Association. 
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.—The Cornwall Minerals 


—The Monmouthshire and South Wales Sliding Scale Com- Co 


ittee has unanimously agreed that, having regard to the 
pe selling prices me for coal for the six months ending 
June 30, 1877, the minimum standard of wages provided for 
in the award of December 11, 1875, shall prevail, and be 

id in the collieries of the Association from June 30 to 

ecember 31, 1877. 

Tramways in the West.—It is proposed to lay down a 
system of conwege at Cheltenham. A Gloucester Tram- 
ways Company has been registered ; capital 50,000/. in 101, 
shares. 

Railway Extension in Devonshire.—A railway between 
Exeter and Chagford has often been talked ofas a de- 


co! . In February a public meeting was held in 
the Guildhall at Exeter, the mayor presiding, when reso- 
lutions were passed in favour of such a scheme, and a com- 


sirable thing, and there is now a prospect of one being | Henry 
mstructed 


mittee was appointed, and instructed Messrs. Galbraith 
and Church to make a preliminary survey. A meeting of 
the committee was held on Friday to receive the of 
the amen and instructions were given to them ele 
Ee plans and specifications for deposit before the of 
ovember. This will enable the promoters of the scheme 
to bring in a bill during next session if they find that the 
project receives sufficient support to justify their taki 
that step. ake —s i so rm in a ne 
ey way m given up, i 
ht better for all parties seeteneh, that, the route 
should be from Exeter to C ord direct, starting from a 
point between St. David’s station and Exwick. The line, 
if constructed, will wind round Cleve Hill, and passing 
just above the village of Adderwater, it will ran somewhat 
parallel with the Okehampton road to a point a little south 
of Taphouse, where aspur of a mile in length will project to 
the south-west to meet the proposed as, Valley ——— 
from the direction of Newton Abbot. e main li i 
bleed sot eee Rann cee 
teigaton, passing a lit e eastward of it ; 
it will then drop into the valley of the Teign by Fingle 
Bridge, and run thence through the gorge to Sandy Park. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
nop atten: on ’Change at Middlesbrough. Nomi- 
y prices were the same as they were last week, being 
based on No. 3 Cleveland pig selling at 40s. ton. The 
amount of business done was only small. It is generally 
believed that there will be no permanent improvement in 
the staple industry until the war is over. 


The Finished Iron Trade.—The manufacturers in the 
North of England seem reconciled to the fact that there is 
little or no business doing, and they do not look for any 
alteration for the next few months. 


Steelmaking in Cleveland.—We have several times 
called attention to the splendid new steel works of Messrs. 
Bolckow, Vaughan, and Co., at Eston, Middlesbrough. It 
is most gratifying to be able to state that under the expe- 
rienced management of Mr. Windsor Richards this firm 
are turning out double-length steel rails at the rate of one 
perminute. It is stated that other firms on Tees-side will 
—- _— the example of Messrs. Bolckow, Vaughan, 
an . 


The Late Secretary to the Iron and Steel Institute.—It 
is creditable to the iron and steel trades that noless a sum 
than 18501. has been promised to the fund which is being 
raised for the widow and family of the late Mr. John 


Jones, the secretary to the Iron and Steel Institute. 


The Blantyre Catastrophe.—The Durham Miners’ Asso- 
ciation have voted 3001. towards the fund for the survivors 
and sufferers through the Blantyre accident. 

Engineering and Shipbuilding.— In both these im- 

rtant branches of industry there is considerable activity, 

at orders are not so easily obtained as they were a few 
months ago. 


The Coal and Coke Trades.—The fuel trade always 
bears a corresponding condition to that of the iron t m 
The present time is no exception to the rule. Prices are 
low and prospects are not encouraging. 

The Cumberland Iron Trade.—There is more briskness 
in the iron and steel trades of West Cumberland. It is 
expected that some of the furnaces now standing idle will 
soon be relighted. The Hematite Iron Company 
are about to extend their works. 








Tue INsTITUTION OF CrviL EnotnzERs.—At the 
meeting of this Society on Tuesday, the 13th inst., Mr. 
G. R. Stephenson, President, in the chair, certificates were 
read in favour of the election of 7 members and 34 associates, 
who will be balloted for on the 4th proximo. It was 
announced that the Council, acting ander the provisions of 
Sect. IV. of the Bye-laws, had transferred the following 
associates to the class of members, viz.: Messrs. James 
Bisset, Port Elizabeth ; George Bohn, Hull; Edmund 
Small Cathels, Montreal; Willi Langton Coke, Cape 
Government Railway Staff ; George Cooper, Buenos Ayres ; 
Henry Algernon Shrapnel Fenner, Loodiana, India ; 
William Grey Ferrar, Romford ; Richard Garret, Leiston ; 
Henry Johnson, Punjaub Northern State Railway ; 
George Knowles, Queen’s Gardens ; Charles Lean, Acton ; 
Alfred Penny, Westminster; William George Scott, 
Live 1; George Kelson Stothert, Bristol; William 
Cawthorn Unwin, B. Sc., Royal Indian Engineering 
; Irwin John Whittey, Giridhi, Be ; and Corbet 
Ww , Bankside ; and had admitted the following candi- 
dates as students of the Institution, viz.: Alfred Dyke 
Acland, James George Willcox Aldridge, Robert - 
ander Briggs, Ernest Augustus Brine, Francis Crawford 
Caffin, John Forbes Close, George William Disney, Wynne 
Howard Edwards, Lewis Frederick Evelegh, Edward 
Brocklehurst Fielden, Gerald FitzGibbon bert Fitz- 
Gibbon, ge Dd ween Hersey, Pere: William Monckton 
Holt, John Wykeham Jacomb Hood, Edmund Kit- 
son, Arthur Huntington Leaf der lachlan, Frank 
Nelson, William Vye Paddon, Henry Parkes, Hugh 
Frederick Perkins, Samuel Sydney Platt, William James 
Robson, Th Parr a. Walter Edward Slade, 
7-9 ‘Alovis Pollard Urquhart, Delén Vi 
Turner, Mon lexis Po rquhart, ‘ 
Wilhelm Willink, Fred Worsnop, and Thomas Herbert 


Wright. 
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NOTES FROM SOUTH YORKSHIRE. 


HEFFIELD, W y: 
Water Supply of Eckington, &c.—A meeting of the in- 
habitants of Bokington was held last week for the purpose 
of considering a scheme for supplying the whole parish 
with water, under a combined scheme recently mentioned 
in these notes. Mr. Frith, the engineer, was in attendance, 
and stated that if the plans proposed were adopted the 
water could be supplied at about one-fifth of the present 
cost. It was all , however, that there was already an 
ample supply in the Marsh Lane neighbourhood, and the 
ing subsequently dispersed without any result having 
been obtained. Ata meeting of the Chesterfield sanitary 
authorities, a letter was read stating the willingness of the 
Eckington Water Works Company to sell their under- 
taking, but the offer was declined and the scheme of Mr. 
Frith was adopted, the probable cost of carrying it out 

ing set down at $2,000, A Local Government inquiry 
will be held as to borrowing the money. 


Opening of the New Railway Station at Chapeltown, 
near S ld.—The new railway station at Chapeltown, 
near Sheffield, on the South Yorkshire section of the 
Manchester, Sheffield, and Lincolnshire Railway, was 
opened last week. There are two long platforms, the line 
previously having been only a single one beyond Chapel- 
town towards Barnsley. The two platforms are connected 
by a light iron bridge, and there are the usual offices, 
waiting-rooms, &c., besides goods warehouses. 

The Alfreton Water Works Scheme.-——The Local Govern- 
ment have to sanction the granting of a loan of 
17,0001. to the rural sanitary authority for the Belper 
district for the construction of water works for the supply 
of so much of the parish as is not included in any other 
sani district. The board have also formally sanctioned 
the lending of 10,5001. to the Local Board of the same place 
~~ water works purposes in connexion with the former 
scheme. 


Chesterfield and Derbyshire Engineers’ Institute. — 
Lord Edward Cavendish presided over a general meeting 
of the members of this Institute, held at Chesterfield last 
week, and alluded in terms of warm commendation to the 
satisfactory opening of the Stephenson Memorial Hall. It 
was announced that Mr. Walter Scott, engineer, Atlas 
Works, Derby, and Mr. John Sturgeon, mechanical en- 
gineer, Highfield Villa, Crosby, Liverpool, had been elected 
members. Mr. James Stevens, articled pupil, Blackwell 
Colliery, Alfreton, had been elected a student. Discussions 
ensued on Mr. J. Harrison’s paper ‘‘On the South 
Leicestershire Coalfields,’’ Mr. A. Eley’s paper ‘‘ On Spon- 
taneous Combustion in Coal Mines and its Treatment,” 
and on Mr. E. Francis’ paper on “‘ Boiler Incrustations.”” 
An account of the pumping, winding, &c., appliances at 
the Bear Park Colliery, Durham, by Mr. H. H. Mills, was 
taken as read and ordered to be printed in the Transactions. 
A paper was read by Mr. G. E. Smith on ‘‘ The Telephone 

its Application to Mining,” and the instrament was 
practically tested by those present, one end being in the 
meeting room and the other in a contiguous school. 


Midland Institute of Enginesrs.—At the monthly meet- 
ing of this Institute held at Barnsley last week, a paper 
was read by Mr. G. Bailey, of St. John’s Colliery near 
Wakefield, on ‘‘ The Telephone,’’ with accompanying vocal 
and instrumental illustrations. The instrument in the 
room was connected with the Barnsley Gas Works at Old 
Mill, three miles away. All the experiments were satis- 
factory. An adjourned discussion followed on the paper 
read some time 
on dipephetion Influences in Connexion with Colliery 
Explosions.”” The discussion of Mr. J. C. Jefferson’s 
paper on “‘ Deep Boring, as practised on the Continent,” 
was deferred. 





NOTES FROM THE NORTH. 

Guiasaow, Wednesday. 
Glasgow Pig-Iron Market.— The warrant market 
opened at a farther advance last Thursday morning, and 
the announcement of Lord Moncrieff’s decision in the 
shipbuilding arbitration case in favour of the employers 
sent prices farther up. However, the expectation that this 
decision must result in improved trade was rather short- 
lived, and prices receded to thé opening quotation. Busi- 
ness was done in the morning at 52s. 7d., then at 52s. 9d. 
cash, and at 52s. 10d. to 53s. one month, but closed at 
52s. 8d. and 52s. 10d. cash and one month respectively. 
Prices receded in the afternoon from 52s. 8d. to 52s. 7d. 
cash, closing with sellers at the lower price, and buyers at 
52s. 6d. cash, or about the same as on the preceding day. 
The market was steady on Friday forenoon, when business 
was done in warrants at 52s. 6}d. to 52s. 7d. cash, and at 
52s. 8}d. three weeks, closing with sellers at 52s. 74d. cash, 
buyers offering 52s. 7d. There was a continuance of the 
steadiness in afternoon, with business done at 52s. 7}d. 
cash and 52s. 9d. one month, closi, Dayers 528. 74d. cash, 
sellers 1d. per ton more. It seen that there 
was an advance of 1d. ton, poking on improvement of 
8d. over the week. ers advanced the price of Coltness 
No. 3 a farther 6d. per ton. The warrant market was dull 
on Monday morning, and a reaction to last week’s brisk- 
ness setin. The reports from the English iron districts 
and markets were not encouraging to a permanent im- 
rovement in demand. Prices receded about 34d. per 
mn, or nearly one-half of last week’s gain. In the morn- 
ing mipates sarees at 52s. 7d. cash and 52s. 9d. fourteen 
, but ed to 52s. 8d. fourteen days, and closed, 
sellers 52s. 7d., and buyers 52s. 6d. cash. There was a 
er decline in the afternoon to 52s. 4)d. cash, and 
the market closed, sellers 52s. 5d., buyers 52s. 4}d. cash. 
The warrant market was again dull yesterday, and prices 
receded another 3d. per ton. almost the whole of last week's 
gain being thus lost in two days. Business opened in the 
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forenoon at 52s. -» and prices receded to 52s. 24d., 
closing sellers at . 3d. cash and 52s. 5d. one month, 
buyers near. In the afternoon prices further declined to 
52s. 14d. and 52s. 1d. cash, and the market closed, sellers 
52s. 14d., buyers 52s. 1d. cash. The advance made on some 
brands last week was withdrawn. The market opened flat 
this forenoon, when a good business was done in warrants at 
51s. 11d. to 52s. 14d. cash, and from 52s. 2d. to 52s. 4d. 
one month, closing with buyers at 52s. ld. cash, and 
52s. 34d. one month, sellers asking 52s. 1}d. and 52s. 4d. 
one month. There was a steady market in the afternoon 
—buyers 52s. 1d. cash and sellers 52s.2d. It was thought 
at the end of last week that a decided improvement had 
set in, but the opinion seems to have been based on in- 
sufficient data. There was certainly an enormous amount 
of business done, and the improved tone of the market 
seemed to be due to a genuine improvement in the demand, 
the enhanced value of warrants being simply a following 
up of the makers. Shipping iron has been in good request. 
The deliveries into store last week were comparatively un- 
important, amounting only to 414 tons, the stock with 
Messrs. Connal aud Co., up till Friday night, being 165,702 
tons. The number of blast furnaces in operation is still 88 
as against 117 at the corresponding time last year. Last 
week’s shipments from all Scotch ports amounted to 8523 
tons as compared with 10,715 tons in the week ending 
November 11,1876. There are still large imports of Middles- 
brough pig iron into Grangemouth—7920 tons last week 
—thus bringing the total increase in 1877 up to 66,879 
tons. 

The Clyde Shipbuilding Trade.—The result of the re- 
sumption of work by the ship carpenters on the Clyde has 
been very apparent during the past week. Quite a fleet of 
vessels that have been for some time — for the 
carpenters’ work being executed, have been launched. 
Between Saturday the 3rd and Saturday the 10th inst. 
eleven vessels were sent from the stocks, the aggregate 
measurement of these being 13,700 tons. This tonnage is 
fully more than the average monthly output on the Clyde 
for the past half-year. The vessels launched were chiefl 
a class vessels, which builders preferred to hold bac 
rather than risk launching without the carpenter work 
being executed. Amongst the new vessels are three large 
steamers, one for the China and two for the Transatlantic 
trade ; and four large sailing vessels, one for Melbourne, 
and three for the East India trade. 


Trains on the Tay Bridge.—Large ballast trains are now 
running regularly over the Tay Bridge. On one occasion 
recently, soon after the 9.30 a.m. steamer left Newport, a 
train consisting of a ballast engine and eleven wagons left 
the Fife side, and before the steamer was half-way across 
passed her and ran down rapidly to the north side. Ar- 
rangements have been made for conveying 600 tons of 
ballast every day until about 10,000 tons have been de- 
—< to make up the ground required by the North 

ritish Railway Company for station purposes between 
the Caledonian Railway and the Esplanade. The work of 
completing the bridge is being rapidly carried forward, 
and, should the weather continue favourable, it is not im- 
probable that mineral and goods trains may begin to run 
over the bridge early in December. [t is the wise inten- 
tion of the directors to use the bridge for goods traffic for 
some time before passenger trains begin to run, so that 
the public may have the fullest confidence in the stability 
of the structure. 


Edinburgh and Leith Engineers’ Society.—A meetin 
of this society was held last night, Mr. Robert C. Reid, 
E., President, in the chair. The opening address 
of the session was given by Mr. David A. Westland, 
C.E., on \‘A Practical View of Civil Engineering.’’ 
It was potatos out that many members of the profes- 
sion while attaining a sufficient theoretical and scientific 
knowledge of their profession, failed to gain a thorough 
practical knowledge of it. Among the various reasons 
assigned for this was the fact that engineers were for the 
most part employed by large bodies such as corporations 
and companies, and not, as in the case of most other pro- 
fessions, by individuals. The consequence was that, as a 
rule, aguane had comparatively few clients, and most of 
the work was in the hands of a small number of the pro- 
fession, while the others had not the requisite means of 
ving their pupils a complete practical education. The 
eading features of the i practical training of a civil 
engineer were next described, and it was stated that pro- 
ficiency in these was only to be obtained by bringing a large 
amount of sound common sense and an acquired scientific 
— to bear on a prolonged practical experience in 
works. 

Royal Scottish Society of Arts.—The annual general 
meeting of this Society was held in Edinburgh last Monday 
evening. The President, Mr. John Milne, occupied the 
chair, and delivered the usual opening address. His re- 
marks were chiefly devoted to the statistics of the iron 
manufacture at home and abroad. The result of figures 
which he quoted was, he said, to show that America was 
now quite independent of other countries for her supplies 
of iron and steel, having within herself all that was neces- 
sary to meet any demand which might arise. Germany, 
also, was in a somewhat similar position, though the present 
state of the trade had pressed heavily upon the manufac- 
turers. After the conclusion of his address, the President 
delivered the prizes for the past session, as follow: The 
Hepburn Pri to Edward ie Sang, C.E., for his 
ary on the application of steam power to the ordinary 

d fly press, and on the application of steam power to 
the hand coining press ; the iety’s Silver Medal to Dr. 
Stevenson Macadam, for his paper on sediments in domestic 
water-cisterns ; to David Bruce Peebles, engineer, for his 

— on & new system of giving flash signals suitable for 

ghthouses, railways, &c., where gas is used; to R. H. 

mith, Imperial Engineering College, Japan, for his pa 


Buuren, N.Z., draughtsman, for his description of a compass 
for extracting the cube root; to Alexander Leslie, C.E., 
for his description of an —— jomt for the levelling 
staff. Dr. R. M. Ferguson been recommended for the 
presidency of the Society in succession to Mr. Milne, and 
Messrs. D. Bruce, Peebles, and Robert Girdwood, as vice. 
presidents. 


Professor Graham Bell on the Telephone.—The fourth 
session of the Glasgow Science Lectures Association was 
opened last Thursday, under the presidency of Sir William 
Thomson, by a lecture on the telephone, by Professor 
Graham Bell. The lecture was a magnificent success, and 
the andience completely packed the City Hall, where the 
lecture was delivered. 


The Forth Bridge.—Is is stated that an agreement has 
been entered into by the North-Eastern, Great Northern, 
and Midland Railway Companies in England, along with 
the North British Railway Company ’in Scotland, under 
which each company will contribute a certain proportion 
of the cost of the proposed Forth Bridge, besides which 
they will guarantee such an amount of traffic as will bo 
equal to a dividend of 6 per cent. upon the capital of the 
the undertaking. Under the favourable auspices these 
four powerful railway companies, the financial arrange- 
ments will present no difficulty. In some respects the 
Forth Bridge will be the most stupendons engineering 
work in the world, having the longest spans at the greatest 
height above the foundation of the central piers. When 
it is completed, express trains will be able to run from 
Dundee to Edinburgh, or vice versd, in half the time now 
required, and Aberdeen will be brought within about 
thirteen hours of London. 


The Telegraphing of Lord Hartington’s Speeches.—In 
connexion with Lord Hartington’s visits to Edinburgh and 
Glasgow last week, a large amount of additional labour 
was thrown upon the telegraph clerks in the transmission 
of reports of his lordship’s speeches to the London and 
provincial pam, many of which were directly represented, 
while others depended for their reports on the press agen- 
cies. Into the Edinburgh office on Tuesday, there were 
handed press messages comprising 48,690 words ; but as, 
in the case of the press agencies, one served for 
several papers, these figures represented an actual delivery, 
in the various towns to which the messages were tele- 
graphed, of 285,877 words. The great bulk of the work 

ad to be done after eight o’clock at night ; and it was all 
accomplished by two o’clock on Wednesday morning, there 
being, in addition to the ordinary staff, 25 extra clerks em- 
ay oo upon it. The work was for the most part ‘‘ punched” 

y the operators, and afterwards transmitted automatically 
by the Wheatstone instrument. From Glasgow on Wed- 
nesday 201,620 words were transmitted by wire to various 
newspapers in England, Ireland, and Scotland, being close 
on 100 ordinary newspaper columns—perhaps the largest 
ys apmed ever sent from the Glasgow office. In addition to 
this enormous amount of work, 42,680 words were received 
for the local press, including the speeches of Mr. Glad- 
stone, Mr. Bright, and Mr. Chamberlain, while 10,581 
words were retransmitted on behalf of other offices, making 
the total number of words dealt with for press purposes 
254,881, or 126 newspaper columns. In the despatch of 
Lord Hartington’s speech seventeen of the Wheatstone 
automatic instruments were employed, each being capable 
of transmitting 120 words per minute ; while in addition 
to these, there were at work fifteen Morse instruments, the 
number of clerks engaged being between eighty and 
ninety. The whole of the work was finished shortly after 
midnight. 











Tron IN Francz.—The production of pig iron in France 
in the first half of this year amounted to 763,873 tons, as 
compared with 711,643 tons in the corresponding period of 
1876. The production of wrought iron was 375,146 tons 
against 365,754 tons ; the production of sheet iron, 63,314 
tons, ~— 59,351 tons ; and the production of steel of 
all kinds, 231,178 tons, against 233,837 tons. 





Hypro-Pyevmatic GuN CaRrriacEs.—The Cron- 
stadt Vestnick of November 2 makes the following 
remarks on the hydro-pneumatic gun carri illustrated 
by us on pages 306 and 307 of our last volume: ‘‘ The 
trials of the Moncrieff hydro-pneumatic gun carriages, 
constructed by Messrs. Eastons and Anderson, of London, 
under the See of Leiutenant Razkazoff, to 
which we alluded in our last number, are continuing, and, 
as we may now safely say, with most satisfactory results. On 
Wednesda , October 31, three shots were fired from the 
two 12-inch 40-ton guns eens oS _— moar —— 
pearing system, in the presence o: is Impe ighness 
the Grand Duke General Admiral and a brilliant staff. 
The first charge consisted of 60 lb. of prismatic powder, 
the second of 81lb., and the third of 117 lb., and in each 
ease cylindro-conical shot weighing 648lb. In each of these 
discharges the machinery worked splendidly, the hydraulic 
cylinders permitting a recoil of 4 ft., and not a single bolt 
or nut was in any way disturbed. During the first 
series of experiments, on Monday the 29th inst., in the 
presence of Vice-Admiral Popoff, one blank and six 
shotted charges were fired ; on Wednesday, in the presence 
of the Grand Duke, three shotted charges; and to-day, 
November Ist, again three charges were fired with 81 lb., 
117, lb. and 144 Ib. of powder, in the presence of the 
Director of the Ministry of Marine, and a number of 
admirals who arrived in Cronstadt at 11 o’elock, in the 
steam yacht Neva. We understand that on the 3rd 
inst., a systematic course of experiments will be under- 
taken by a commission which has been appointed for the 
purpose, and as soon as these have been entistactorily 
concluded, the gun carriage will be taken to pieces 

sent to Nicholaeff to be fixed on the circular iro 











ot sensitive rotating governors; to Samuel William Van 





Vice-Admiral Popoff. ’’ 
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THE TELEPHONE. 

THE result of Professor Bell’s lecture before the 
Society of Telegraph Engineers, a full summary of 
which we were able to afford our readers in our 
last week’s impression, will no doubt be to render 
more familiar the means by which it has been 
found possible to reproduce, at a distant point, 
articulate speech, To what is aptly termed the undu- 
latory system of currents of electrity, is due the 
consummation of the articulating telephone. Like 
all other successful applications, now that success 
has attended its use, and now that its aptitude 
has been explained and demonstrated, we see that 
in the employment of this form of electric current 
alone is it possible to obtain the results which the 
long-continued researches of Professor Bell have 
led up to. In the course of his remarks on the 
occasion referred to, he pointedly directed the 
attention of his audience to what he designated 
three primary varieties of telephonic currents, 
viz., intermittent, pulsatory, and undulatory. We 
know what an intermittent current is. It is the 
alternate flow and cessation, or the presence and 
absence of the current along a given wire. Pulsa- 
tory currents are described as sudden or instanta- 
neous changes in the intensity of a continuous 
current, that is, a wire is traversed by a continuous 
current of an intensity of, say, 5. At an instant 
this intensity is increased to, say, 10. Graphically 
this is represented by a line of, say, one quarter 
of an inch in thickness, which represents the 
normal continuous current. At the point where 
the intensity is raised to 10, the thickness of the 
line becomes suddenly that of half an inch, and this 
continues so long as the increased intensity continues, 

assoon as it is lowered to the normal power the 











line again suddenly drops to its normal thickness. 
Thus the sudden increase and decrease of these 
ulsatory currents would give us the figure of a 
ine suddenly increased in thickness, according to 
the value of the increased intensity, at various dis- 
tances governed by periods during which the in- 
creased current is in operation. From this the un- 
dulatory current differs very materially. If we cast 
a stone into still water, we observe the disturbance 
caused by it to result ina series of waves which 
are gradually reduced in volume till they are absorbed 
and die away. A tone uttered in air hasa similar 
effect ; it puts the air in its immediate vicinity in 
motion, creating a series of waves, the shape or 
formation of which is governed by the force, or 
volume of the sound, in the same manner as the 
volume of the ripple on the water is governed by 
the weight and force of the stone which disturbs it. 
These waves of water, or waves of air, are undu- 
latory, and serve well to describe what is meant by 
the form of undulatory currents to which is due the 
production of the articulating telephone. 

So far success has not attended the efforts of those 
who have sought to employ the galvanic battery 
current for articulating purposes. Its varying power 
would necessitate a frequent adjustment of the 
diaphragm in the neighbourhood of the magnet pro- 
duced by it, whilst if employed for sending impulses 
direct to the distant point, its action would be that 
termed intermittent, and the result a series of vibra- 
tions of equal power, so that no approach to articu- 
lation would be possible, Each word uttered causes 
a series of vibrations in the air, but these vibrations 
are not abrupt, but of a modulated form, rising and 
falling, as has been represented like ripples on water, 
The only means which has yet been suggested for 
obtaining electrical action similar in character is 
that employed by Bell in his latest form, viz., 
currents produced by an armature placed in front 
of a permanent magnet. In the telephone the 
diaphragm is the armature. Assume that in a certain 
position it is at zero. Move it an infinitesimal part 
nearer the magnet, and you alter the magnet’s 
magnetic field; and if around the pole of the 
magnet is wound a coil of wire, a current will be 
set up in that wire for every fresh position assumed 
by the armature, The power of this current depends 
upon the rapidity of movement of the armature. 
the movement is slow, a correspondingly low current 
will be excited in the coil, and pass to the distant 
station ; if it is rapid the current generated will be 
correspondingly of greater power and intensity. 
Hence the currents evolved are dependent upon the 
motion of the armature, whilst the motion of the 
armature is dependent upon the formation of the 
wave of air which presses upon it. Thus then the 
voice sets in motion the air in the neighbourhood of 
a telephone ; the motion thus set up disturbs the 
diaphragm, by which currents corresponding in 
intensity and duration to the wave impinging upon 
the diaphragm are set up, reproducing a correspond- 
ing action in the instrument at the distant station, 
which in its turn emits sound corresponding to the 
currents generated at the transmitting end of the 
wire. 

The invention carries with it the stamp of well- 
directed and meritorious research, It establishes 
a new era in telegraphy, and even as it stands, in 
its pont embyro form, it has before it a large and 
useful field. That it will supersede many of the 
present form of telegraph instruments, requiring in 
their most simple arrangement a certain amount of 
technical instruction, and hence the attendance of 
one or more qualified persons to on communi- 
cation, is patent to all. That it will open up a 
means of communication which has practically been 
closed to many for want of that very technical 
labour is also clear, whilst in many other ways it 
will find a home. In fact, its fieldis that of the 
human voice, Wherever that is required to be em- 
ployed between points sufficiently far apart to pre- 
vent absolute conversation by word of mouth alone, 
there will the telephone come into requisition, Re- 
quiring no skilled labour, no technical education, 
easy to maintain, and cheap of construction, it may 
lay claim to a large share of public support. 

Independent of this, we may look for its employ- 
ment in other useful spheres, It was but a few 
days since Sir William Thomson obtained some ve 
useful and practical results from it in connexion wi 
an anemometer placed in one of the shafts of a coal 
mine, by which the supply of air passing into the 
shaft was indicated above ground. It has been em- 
ployed in numerous mines in Cornwall and other 
places for communication between portions of the 


underground workings and those above ground, 
and it is reported that in one case the miners were 
so imp with its value to them that they re- 
sisted its removal, : 

Another useful field for it is that of submarine 
exploration. With a wire woven into the air-tube of 
a diver’s dress, and a simple provision for the in- 
strument, the diver may make known to those above 
not only his own wants, but may report from his 
position the nature of things around him, and 
receive instructions from those directing his move- 
ments, to all intents and purposes, as though they 
were conversing in the same room, 

In military and naval evolutions it will prove of 
the utmost value, ‘The staff oflicer will no longer 
need the services of an experienced clerk—no longer 
need he fear the divulgence of his general’s plans. or 
of any portion of them, To him the communication 
can be made direct, by night or day, with or with- 
out light; by the call of a bell his attendance is 
secured, and then all he has to do is to speak and 
listen. In naval tactics outlying boats may hold 
communication by a light cable with their com- 
manding oflicer ; whilst a network of telegraph may 
be spun round our coast from coastguard station 
to coastguard station, and proceedings be reported, 
from or to any point, at almost any moment. The 
coastguardsman on duty may strike his wire at any 
given spot on his beat, and call for aid, or report - 
suspicious circumstances at will, and obtain aid or 
instructions without leaving his post. It is diffi- 
cult to perceive a more useful application for it 
than this, and doubtless it is one which will commend 
itself to the proper authorities. 

So delicate is the instrument, that Professor Bell 
relates on one occasion, when trying some experi- 
ments with it, he was able to maintain communica- 
tion with another person when standing upon a dry 
board, his foot touching merely a blade of grass, 
the current passing to earth through his body and 
i means of this single blade of grass. ‘The amount 
of resistance through which it will work is practicall 
illimitable. It isnot too much to expect that it will 
be found of considerable service for testing the 
physical condition of the human frame, a point to 
which medical men are already giving attention. 
That it is as delicate as the stethoscope there can be 


If | little doubt, and the day may come when, by its 


aid, a medical man in the provinces may confer 
with his more learned brother in the metropolis, and 
jointly test the condition of an invalid whose state 
is such as to forbid removal, 


NEW ZEALAND TELEGRAPHS. 

THE annual report of the New Zealand Telegraph 
Department shows that although the progress durin 
the past year—1876-77—has not come up to the esti- 
mate, it is still satisfactory. During the year, 105 
miles of line, carrying 176 miles of wire, have been 
erected ; making the total mileage of the colony, 
on the 30th of June, 1877, 3259 miles of line, and 
7423 miles of wire. 

The number of stations open to the public at the 
same date was 155, 15 of which were opened during 
the year, Since the date of the last report the duplex 
system has been further extended between Christ- 
church and Dunedin, Government Buildings and 
Blenheim, and Blenheim and Dunedin, The latter 
section is about 500 miles in length, and is one 
of the longest circuits upon which the duplex has 
been yet tried without translation. The Govern- 
ment Buildings and Blenheim duplex is worked on 
the No, 2 Cook Strait cable, thus leaving the three 
wires of the other cable for commercial work, 

Arrangements have been made for taking over 
the whole of the railway telegraphs hitherto worked 
by the late Provincial Government of Canterbury. 
At every railway telegraph station, telegrams will be 
accepted from the public, and at every railway 
station adjacent to a telegraph station, — 
will be accepted from the public, and forwarded to = 
the telegraph office proper for transmission. The 
details of working the railway wires so as to prove 
of the greatest .advantage to both departments, 
without impairing the efficiency of either service, are 
receiving consideration. 

The Blenheim office has been totally destroyed by 
fire. Large and convenient new offices have been 
provided at Dunedin, whilst additional accommoda- 
tion has been found necessary at Wellington. 

Owing to the numerous demands made on the 
department for se telegraph stations, as 
well as to meet the constantly increasing work, it is 
found necessary to keep a class of cadets constantly 











in training, 
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The total earnings for the year, exclusive of 
the value of general Government telegrams, 
amount to 65,644/, 15s. 3d., being an increase on last 
year’s earnings of 2,929/. 4s. 1ld. This amount is 
1355/. 4s. 9d. short of the estimate, which was set 
down at 67,000/.; the reason for which is stated to 
be that no stations of importance have been opened 
during the year. The number of telegrams trans- 
mitted was 1,124,432, being an excess over the 
previous year of 73,346. Comparing this increase 
with that of the increase of the year 1875-76 over 
the year 1874-75, it appears that the increased 
number transmitted falls short by some 60,112. 

The cost of maintenance of stations for the year 
was 63,353/. 10s. 10d., and of lines 17,931/. 8s. 
The former item shows an increased expenditure 
over the previous year of 1656/. 16s. 5d., and the 
latter a decrease of 3143/. 8d. 

The number of telegrams transmitted during the 
year, as compared with the number of letters posted 
during the same period, shows that 20.29 telegrams 
were sent for every 100 letters; the comparative 
number for the previous year being 22.21. ‘The in- 
crease in the number of letters during the year is 
809,047. So that it would appear the increase in 
telegrams has scarcely kept pace with that of letters. 
No doubt, however, the additional facilities about 
to be obtained through the acquirement of the rail- 
way wires will make a large improvement in this 
direction in the next year’s report, 








THE ACCURACY OF INDICATOR 
DIAGRAMS. 

In testing or experimenting with a steam engine 
we are compelled, in ninety-nine cases out of a 
hundred, to accept as final the results given by the 
indicator. Only now and then do circumstances 
allow a comparison to be made between a pressure 
measured directly and the same pressure estimated 
from the compression of the spring, and even in 
these few cases the direct measurement of the 
pressure is generally made only by a Bourdon gauge, 
which—if there be a discrepancy—is quite as likely 
to be wrong as the indicator spring. Only very 
seldom is it possible for an engineer so to check the 
indications of a spring that he can assign even an 
approximate value to its error, or that he can even 
say in which direction the error, if any exists, lies. 

All who have looked into the matter at all, how- 
ever, know only too well that the area of an indi- 
cator diagram only very approximately measures the 
work done in the cylinder. It is true that some 
engineers have a weakness for working out their 
indicated horse powers to a fraction, as if to avoid 
a possible error of about one one-hundredth per 
cent. But then it is equally certain that, even with 
the most perfect indicating arrangements excellently 
carried out, the actual error is much more likely to 
be two, three, or even four or five per cent.! Ac- 
curacy of statement is certainly a thing to be de- 
sired, but such people as we have alluded to forget 
that the mere putting of decimals after a number 
does not make it more accurate than it was before. 
If the value of a quantity be known only within a 
considerable percentage, it is most accurate to state 
it in round numbers, To putit in a form which 
unavoidably gives an impression of extreme exact- 
ness without the thing itself, is in reality an in- 
accuracy of a peculiarly aggravated and aggravating 
kind. It is not only essentially unscientific, but 
has actually led to innumerable mistakes and mis. 
apprehensions, and wasted a vast amount of valuable 
time. 

But this inaccuracy of indicator diagrams is a 
very serious matter. The whole accuracy of our 
knowledge of the working of a steam engine is 
nema practically, by the degree of reliance 
which we can place upon its cards, and although 
we know that substantially—as to general form and 
so on—these can be trusted, yet in more minute 
matters, in the comparison of curves, for instance, 
we can use them only with the gveatest caution, 
and have to exercise the greatest circumspection in 
drawing conclusions from them, Here and there 
engineers have been able to make isolated experi- 
ments for their own information or use on indicator 
springs, but to treat the matter completely would 
have involved far more time and trouble than are 
commonly at the disposal of professional men, and 
all the experiments made until recently have been, 
so far as we know, very incomplete. We are, 
therefore, very glad to be able to put before our 


was perfect, how far, that is, the compression of 
the springs was proportional to the pressure acting 
upon them, and how closely they returned to their 
original lengths on the removal of the pressure. In 
the first instance the first eight springs of Table I, 
viz., A, to E., were tested cold, i.c., at ordinary 
atmospheric temperature. 


spring was placed vertically on the (faced) surface 
of a specially made bracket which was itself sup- 
ported on a stand resting on a stone foundation. 
A turned steel pin was passed down through the 
spring, its head resting fair on the upper brass ring, 
and its lower end having provision for attach- 
in 
( 


TABLE I.—InpicaTors AND SPRINGS USED IN EXPERIMENTS WITH RICHARDS’ INSTRUMENTS. 
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the matter in question, made during 1874-76, by Pro- 
fessor Berndt, of Chemnitz. These experiments, 
complete as they are, by no means cover the whole 
ground to be investigated, as yet, indeed, they 
have only extended to the behaviour of springs 
under compression, that is, at pressures above that 
of the atmosphere, which is, of course, the more 
important part of the subject. As a whole, how- 
ever, they form a most valuable contribution to our 
knowledge of this subject, by far the most valuable, 
indeed, which has yet been made. 
Very full accounts of Professor Berndt’s experi- 
ments have been published in the Programm der 
Konigl: hoheren Gewerbeschule zu Chemnitz, for 
Easter, 1874 and Easter, 1875, and in the proceed- 
ings of the Sdchsische Ingenieur und Architecten 
Verein (82nd and 85th meetings), and our own in- 
formation respecting them has been partly drawn 
from these sources and partly from information 
kindly furnished us, in answer to inquiries, by Pro- 
fessor Berndt himself. We can here give only a 
condensed account of the results and methods of the 
experiments and of the conclusions which we think 
may be drawn from them so far as they have gone ; 
any of our readers who desire further details will 
find many given in the publications which we have 
named above. 
The principal points upon which Berndt’s inves- 
tigations were intended to give information are the 
following: how far the springs are, in themselves, 
perfectly elastic within their working limits, both 
at the usual temperature and when heated ; how far 
their whole behaviour in the indicator cylinder, 
under steam, agrees with or differs from their be- 
haviour when tested free, hot or cold ; to what extent 
such differences could be traced to piston friction, 
pencil friction, or other more or less preventible or 
measurable causes ; whether the scales supplied and 
commonly used with the springs gave y correct 
readings, within reasonable limits of error, and if 
not how more accurate readings could be obtained ; 
whether the varying extension on the string caused 
any appreciable error. These points were examined 
both with the springs of Richards’ indicator, and 
with those of Ashton and Storey’s ‘‘ Power Meter,”* 
and in reference to the latter instrument experiments 
were also made on the accuracy of the integrating 
apparatus. 
Ve shall, in the first instance, refer only to the 
experiments which bear on the working of Richards’ 
indicators, disregarding those connected with the 
Ashton-Storey apparatus for the present. Seven in- 
dicators in all were used in the experiments, and 
ten springs. For brevity’s sake we shall refer to 
these by letters, the use of which will be understood 
from Table I. 
The first series of experiments had for its object 
to test how far the elasticity of the springs thein- 
selves (independently altogether of the indicators) 


The experiments were conducted as follows: the 


g the scale in which the weights were placed. 
he weight of the pin and scale together was 


r 





readers, in a condensed form, the results of several 





series of most elaborate experiments bearing upon 


0.143 kilos.) A small, very finely engraved cross 
was marked on the side of the top ring, and another 
similarly on the bottom ring of the spring, the 
points given by these crosses serving as points to 
which lengths could be measured. The actual 
measurement was done by means of a very accurate 
kathetometer, reading with certainty to 0.05 of a 
millimetre and by estimation to 0.01 of a milli- 
metre. All the readings were taken to two places 
of decimals, but the last figure is always liable to 
an error of estimation of about 0.02 of a millimetre. 
The kathetometer was placed a little over 5 ft. from 
the spring, and instead of adjusting the level at- 
tached to its telescope cnahede each time a 
reading was taken, a correction was very carefully 
determined once for all for different positions of 
the bubble in the level, and this correction was 
added to or subtracted from each reading. 

The distance between the marks was read first 
with the spring unloaded, and then with gradually 
increased loads placed on the scale until the spring 








was compressed to an extent corresponding to the 
maximum pressure for which it was designed. The 
weights were then removed and a reading made 
when the spring was once more free. The first and 
the last readings were compared and the set (if 
any) measured, and then lastly the spring was 
forcibly extended a little (three or four millimetres) 
and allowed to recover itself and its length mea- 
sured again to see whether it had entirely lost any 
set it might have taken. 

The measurements of lengths and pressures were 
all recorded in millimetres and kilogrammes re- 
ae. We shall print them in the same units. 

he small lengths or alterations of length which 

are dealt with can be much more easily stated in 
millimetres than in inches; if inches were used at 
all—indeed, we should have an hundredth of an 
inch asaunit. And retaining the millimetres for 
this reason there will be nothing to be gained by 
using pounds instead of kilogrammes. ll the 
most important quantities obtained as results of 
the experiments are ratios and percentages, and 
therefore quite independent of the units of mea- 
surement employed, and applicable directly, with- 
out changing one measure into another. 
Table II. gives in a very condensed form the 
results of the series of experiments described. 
The whole of the observed lengths, corrections for 
level, &c., are given in full in Berndt’s original 
account, and can be referred to there by those who 
may wish to look over them. 












































TABLE II. 
SPRING A,. 

Originallength ... ae as 46.13 mm. 

Final length ost - ? 46.04 ,, 

Set per cent. of maximum compression 0.59 

Length after 3 mm. extension... _ 46.07 mm. 

Mean compression per kilogramme ... 0.89 ,, 

. 8 = # Difference from | Difference from 
oz | 88 | #8 ean. Final. 
ae £e | gM 

a ae 
Si] ge/| gs 
ga 3 Per , Per 
Absolute. Cent. Absolute.| Gent, 
I. a | ws IV. v. VI Vil. 
15 1.43 0.95 +06 6.7 +.11 13.1 
45 3.99 0.89 .00 0.0 + .05 5.9 
9.0 7.86 0.87 —.02 2.2 +.03 3.6 
13.5 11.62 0.86 —.03 33 +.02 2.4 
18.0 15.14 | 0.84 —.05 5.6 00 0.0 
SPRING Ag. en 

Original length ... ese - eve .77 mm 

Final length aie oui ed 00 45.71 ;, 

Set per cent. of maximum compression 0.33 

Length after 5 mm. extension... eco «s mm, 

“ ” 





* See ENGINEERING, vol. viii., p. 65. 


Mean compression per kilogramme ... 
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— | pression per kilogramme. 











L | i | | qv. v. | ve | vm 
Tui | 214 | 187 | +08 | 45 | 4.4 | 81 
3.14 5.64 | 1.79 | 00 0.0 | +.06 3.5 
514 | 9.03 | 1.76 | —.038 1.7 +.03 1.7 
714 | 1233 | 1.72 —07 3.9 | +.02 11 
10.50 | 18.15 1,73 —.06 3.3 .00 0.0 
Sprine B. 
Original length ... ses see iso 46.9 mm. 
Final length ...  «.. sees 46.85 ,, 
Set per cent. of maximum compression 0.29 
Length after 3 mm. extension... .» 46.82 mm. 
Mean compression per kilogramme O57 x 
I. IL, mm | IV. Vv. VL VIL. 
1.5 | 1.53 1.02 + .05 5.2 +07 | 74 
45 | 4.38 097 00 0.0 +.02 | 21 
9.0 8.60 0.96 | —.01 1.0 +.0l | 11 
13.5 | 12.90 0.96 — 01 1.0 +.0l | 11 
18.0 | 17.11 0.95 — 02 2.0 .00 | 0.0 
Sprine Ci. 
Original length ... ios 46.25 mm 
Final length ee eee econ 46.19 ,, 
Set per cent. of maximum compression 0.45 
Length after 3 mm. extension... 46.22 mm. 
Mean compression per kilogramme ... 0.85 ,, 
. | um | m IV. v. vL | VIL. 
Ls 149 | 099 | +.14 17.6 | +.22 28,6 
45 3.91 | 0.87 + .02 2.4 +.10 13.0 
9.0 | 7.83 | 081 — .04 4.7 +.04 5.2 
13.5 10.62 | 0.79 | —.06 7.0 +.02 2.6 
17.5 | 13.43 0.77 | — .08 9.4 00 0.0 
SpriInG Co. 
Original length ... oid isi eo. 43.42 mm 
Final length wee ee ne wees 43.36 ,, 
Set per cent. of maximum compression 0.42 
Length after 4 mm. extension ... eve 43.39 mm. 
Mean compression per kilogramme ... 1.64 ,, 
ae ok tk | vi. | VIL 
075 | 131] 175 | +11 6.7 12.2 
3.00, 4.93 1.64 00 0.0 +.08 6.1 
6.00 9.73 | 1.62 —.02 1.2 +.0 3.8 
9.00 14.01 1.56 —.08 4.9 0.0 
Sprine D,. 
Original length ... jel se 37.25 mm. 
Final length of sin i $7.13 ,, 
Set per cent. of maximum compression 0.75 
Length after 2 mm. extension ... ne 37.23 mm 
Mean compression per kilogramme ... 0.53 ,, 
I. um | mi. +} ov. | v. | vi VIL 
15 | 087 | 0.58 +.05 9.4 407 | 137 
45 | 2.57 | 0.57 +.04 7.6 +..06 11.8 
9.0 4.97 | 0.55 +.02 38 | +.04 7.8 
135 | 7.14 | 0.63 | .00 0.0 +.02 3.9 
18.0 | 9.35 | 0.52 —01 | 19 | +.01 1.9 
225 | 1149 | 051 —.02 38 .00 0.0 
27.0 13.68 | 0.51 | —.02 | 3.8 .00 0.0 
31.5 | 16.04 | 0.51 | --.02 | 38 | .00 0.0 
\ | | 
al Sprine Dg. 
Original length ... ed oe -o 38.85 mm. 
Final length eee ‘a ae a 38.84 ,, 
Set per cent. of maximum compression 0.06 
Length after 4 mm. extension = 38.89 mm 
Mean compression per kilogramme ... 1.50 ,, 
I Il. Ill. IV | ¥. | VI VIL 
0.75 0.99 1.32 —18 12.0 —.25 15.9 
8.00 449 | 1.50 .00 0.0 —.07 4.5 
6.00 9.34 | 1.56 +.06 4.0 —.01 0.6 
9.00 14.15 1.67 +.07 4.6 -00 0.0 
} | 
ve Sprine E. 
Original length £ eS 43.02 mm 
Final length... jaa a ia sa 42.64 ,, 
Set per cent. of maximum compression... 2.2 
Length after 3mm. extension... . 42,82mm 
Mean compression per kilogramme 0.98 ,, 
| o | lll | IV. v. | VI. | VIL. 
15 153 | 1.02 | +.04 41 | +.06 6.2 
Hy 4.40 | 0.98 .00 0.0 +.02 2.1 
R. .0 8.74 | 0.97 —.01 1.0 +.01 1.0 
oa _) oe 00 0.0 | +02 21 
8, 31 | 0.96 —.02 2.0 00 0.0 





Only a few words will be necessary to make the 
meaning of Table II. clear. The “ final length” is 
the distance between the marks after all the weights 
have been removed, and the difference between that 
and the “ original length” is the set which the spring 
took in the operation. Column I. of the Table gives 
the total load in kilogrammes (including the pin and 
scale, of course) put on the spring, and Column II. 
Grn me compression caused by that load. Column 

II. is the compression per kilogramme, that is 


— Column IT, , 
"Cabana The ‘*mean compression per kilo- 


mme,” given above the Table, we have obtained 
by plotting the figures of Columns I. and IIL, 
greatly exaggerating the compressions, and measur- 
ing the area thus obtained with a planimeter. In 
Berndt’s Tables the arithmetical mean of Column 
ILL. is taken as a sufficiently near approximation. 
In the majority of cases the two first places of deci- 
mais (which are all that are required), agree; in 
none is the difference considerable, 

Column IV. gives the difference between the 
compression per kilogramme at each load and the 
mean compression per kilogramme for all the loads 
obtained as above, and Column V. gives the value 
of this difference as a percentage of the mean com- 
Column VI. gives simi- 
larly the difference between the compression per 
kilogramme at each load and that at the maximum 
load, Column VII. giving this difference as a per- 
centage of the compression per kilogramme at the 
maximum load. 

The conclusions which can be drawn from the 
series of experiments summarised in Table IL. lie 
pretty much on the surface. None of the springs 
returned or to their original condition after 
removal of the load. In one case (Dg), the set was 
as little as 0.06 per cent. of the maximum compres- 
sion of the spring, in one (E) as much as 2.2 per 
cent, of the same quantity. In the mean, however, 
it is only 0.64 per cent. The mean absolute value 
of the set is about a tenth of a millimetre, and its 
effect on an indicator card (allowing for the increased 
stroke as in Table I.), would be very nearly 7;th 
of an inch, With the well-used spring E the set 
would appear on the scale of the diagram as 
about 2th of an inch. 

The conclusions as to the elasticity of the springs 
which can be drawn from their behaviour under 
gradually increasing loads are, however, much more 
important than these. In no case does the resist- 
ance of the spring to equal increments of pressure 
remain even approximately constant throughout its 
range. In every instance except one (the spring D»), 
as will be seen by an examination of Column IIL., 
the resistance to compression is, as might be sup- 
posed, less at small than at large pressures, The 
mean resistance is equal to the actual resistance at 
a point which varies from a fourth to a third 
of the maximum pressure, so that the compres- 
sion is more uniform at higher than at lower 
pressures. The eight springs tested (the average 
condition of which seems certainly to have been 
better than the condition of the springs which we 
commonly use in practice), show the following 
results : 

TABLE III. 





Average variation of compression per kilo. abn cent. 
yath of maximum pressure from mean comp. 
per kilo. RS ie ee are bs 7d (le 
Average variation of compression per kilo. at ith 
of maximum pressure from mean comp. per 
kilo., about ... sae) Se ea ne ese 
Average variation of compression per kilo. at 
maximum pressure from mean comp. per kilo.... 
Average variation of compression per kilo. at 
ysth of maximum pressure from comp. per kilo. 
at maximum pressure ee sid sie ca 
Average variation of compression per kilo. at 4th 
of maximum pressure from comp. per kilo. at 
maximum pressure, about ... aes on tee 
Average variation of compression per kilo. at } 
of maximum pressure from comp. per kilo. at 
maximum pressure, about ... Pe seo sis 


1.6 
4.2 


13.1 


6.5 





2.8 





If therefore the indications of these springs were 
read on a scale corresponding to their mean compres- 
sions per kilogramme, there would be a probable 


| error of over 4 per cent. at full pressures, and of 


nearly 8 per cent. at very low pressures, and special 
experiment would be required to show whether the 
error was + or —, as is shown by the behaviour of 
the spring D,. If a scale were used, on the other 
hand, corresponding to the final compression per 
kilogramme rather than to the mean, the probable 
error at full pressures would be very small, the 
mean error at half pressure being only 2.8 per 
cent,, and diminishing rapidly from that point to 
the maximum. At low pressures, of course, the 
error of sucha scale would be much greater than 
that of the other, as Table III. shows. 

It will not be necessary to dwell further on these 
results, for we shall find that the behaviour of the 
springs when hot, and still more when in place in 
their cylinders, differs greatly from their behaviour 
cold and free from the indicator. It was necessary, 
however, to start with, to find out within what 
limits the springs could be trusted to give exact 





results under these most favourable conditions. 








It must be borne in mind that the errors so far 
considered are errors of quantities which co ond 
only to the ordinates and not to the areas of indi- 
cator cards. If we suppose, for example, that we 
could obtain an indicator diagram with ordinates 
corresponding to the measured compressions of 
C, (Table IL.), then if there were no expansion, 
and the back pressure line coincided with that 
of the atmosphere, so that the diagram was 
simply a rectangle, the error of area would be 
exactly the same as the error of height, or 4.9 per 
cent. if measured with the mean compression 
scale and 0.0 per cent. if measured with the final 
compression scale. Butif there were expansion, so 
that the upper line of the card varied in height, 
each pressure would have its own error, and the 
area of the whole figure would have an error some- 
where between that of the greatest and that of the 
least ordinate, It is quite conceivable that the pres- 
sure might fall far enough, and the shape of the dia- 
gram be such that the errors of excess in onepart of the 
card exactly balanced those of defect in the other, 
The mean pressure and the horse power deduced 
from such a card (of which we shall have some 
examples further on) might therefore be exactly 
right if measured by a mean compression scale, while 
the actual measured pressures might be very far 
wrong at all points of the stroke except one. 

(To be continued.) 


THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. V. 
By J. Cuark JEFFERSON, A.R.S.M., Wh. Sc. 

THE slag which flows from the schlieg smelting 
furnace is perfectly black, evidently due to the 
large quantity of iron contained, and of a dull dirty 
appearance on the outside; the fracture is pretty 
even or conchoidal, and has a glassy shining ap- 

earance ; it has a specific gravity of about 3.5. 
The composition of the slag will be seen from the 
four analyses on the following page,* of which the 
first is an older one. : 

From the last three analyses it will be seen that 
lead remains in the slag to the amount of about 
2.5 per cent. The greater proportion of this is due 
to the oxidation of the precipitated lead by the blast, 
and the oxide of lead thus formed coming im- 
mediately afterwards into contact with the molten 
slag combines with it. 

Few metals are so readily reduced from their prin- 
cipal ores to the metallic state as lead, since the action 
of heat with free access of air is all that is wegen | 
for this purpose. If galena is gradually heated wit 
free access of air, and care is taken to prevent the 
heat at the commencement being so high as to clot 
or melt the ore, oxide and sulphate of lead are pro- 
duced in greater or smaller quantities. If after the 
formation of these products the temperature is raised, 
and the mass suitably manipulated, the following 
reactions take place : 

Pb S+2 PhO =3 Pb+SO, 
and PbS+PbS0O,=2 Pb+2 SO, 
and metallic lead is the result. This process is 
usually carried on in reverbatory or hearth furnaces ; 
where the ores, however, like the Clausthal ores, 
contain silica and earthy matters, and other sul- 
phides besides the galena, such furnaces are unsuit- 
able, especially in Sistricts where the price of fuel, 
as at Clausthal, is comparatively high. The 
Clausthal ores being in the form of schlieg require 
a high furnace. On account of these circumstances 
the galena is obtained at the Clausthal Works by 
the iron reduction process, 

The principal reaction which is admitted to occur 

in this process is that expressed by the equation 
Fe,+2 Pb S=2 FeS+2 Pb. 

This reaction takes place at a good red heat, The 
sulphides of lead and iron, however, combine at a 
temperature below that at which the above reaction 
takes place, so that we do not obtain as the results 
of this process metallic Jead and sulphide of iron 
alone; the latter is always combined with more or 
less sulphide of lead, forming the so-called ‘ stein” 
of the German smelters, which is equivalent to the 
matt or regulus of the English, 

If the decomposition of the galena was complete, 
that is, if the above equation represented exactly 
the reaction which takes place in the furnace, then 
100 parts by weight of galena would require 23.43 
parts of iron and = (100. Pb S—13.38 S) = 86.62 
parts of metallic lead and 88 parts of sulphide of 
iron, The galena even when the iron is added in 











_# For the analyses and numerical details respecting the 


charget, &e., 
the Clausthal 


we are indebted to Herr F'. Wunderlich, of 
Imperial Mining Academy. 
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a0 Smeeemte en Ghee arene Custenees Lie Gemees wanes. 38.7 does eb enish te the tootsie shame bes : coun 
i x i 2a ° y ? as protoxide 
Al,Os 15.50 Ba SO, 82 1.508 2.9 of iron in the slags. If a highly basic Silicate of 
CaO 6.50 Al,O, He ty Hr protoxide of iron be heated or fused in contact with 
reo. 31.68 Feo 33.35 32.695 33.4 galena, without access of air, and in a closed crucible, 
ZnO Trace Mg O 1.38 1.302 9 metallic lead and aregulus will be produced in more 
PbO 7 Zn O 3.41 3.948 4.8 or less quantities. In the blast furnace, however, 
Ag,O .00087 PbO 1.96 3.896 2.4 the conditions are essentially different, the slag is in 
CuO MnO = 4 . contact with the fuel, and in the presence of car. 
Bb Traces mee i 59 1013 3 bonic oxide and a high temperature, part of the oxide 
K,0 (Ni O and Co 0) 04 .038 2 of iron is reduced to the metallic state, and it is 
" . 1.68 FeS 1.86 { .663 S chiefly by means of this reduced iron that the lead 
Total ove 99.54 Fe ; : 1.16 Fe in the galena is reduced to the metallic state. Part 
Cu 21 Cu,S  .100 { ~ a. Cu .2 of the galena is undoubtedly reduced to the metallic 
A 0006 0007 0016 state by means of the highly basic silicate of pro- 
nd ; ; 028 toxide of iron, but this takes place but to a subordi- 
Sb 10 8b,8, 7 { .05 Sb "7. = nate extent, The reactions, therefore, in the furnace 
P.O; 56 -708 2 operations in smelting the ore with the Oker slags, 
FS 81 vee al which are connected with the precipitation of the 
Totals 101.0106 100.1487 101.9016 lead, may be expressed by the following equations : 
; 3 Fe O SiO, +CO=2 Fe O SiO, +CO,+Fe. 
quantities much greater than that theoretically re- | Peg oe Fe+2 Pb S=2 FeS+2 Pb. 
quired cannot always be compialy sptaal, the —_ 1869. | 1870. | 1871. | 1872. | 1873. | 2 (3 FeO, Si0,)+5 Fetes CPe0. Si O,)+2 (PbS Fes) 
nearest approach being obtained by the met o ; : ais | lee, " " 
assay in en crucibles, when 84} parts of metallic } dom *s se 708 ap | pi | 13.0 ap In the analyses of the residue from the wet ex- 


lead are obtained for 100 parts of galena. The 
above figures have, therefore, only a comparative 
value, and the determination of the most suitable 
proportion of iron to be added in order to bring out 
the largest amount of lead, or rather the most 
favourable relations among the products must, 
therefore, be left to be determined empirically. 
This, Nolte, of Clausthal, has attempted to do by 
adding different proportions of iron (from 24 per 
cent, to 50 per cent. of the weight of the galena), 
the greatest amount of lead reduced being 80} oo 
cent, with the addition of 324 parts of iron, yield- 
ing 52 parts by weight of regulus, 

Above and below this quantity of iron added less 
lead was reduced to the metallic state. If, however, 
the most suitable proportion is considered to be that 
which shall reduce the greatest amount of lead for 
a given weight of iron added, that is, according to 
Nolte’s experiments 124 parts by weight of iron 
per 100 parts by weight of the galena, In the first 
case, the proportion which the weight of reduced 
lead bears to the regulus is nearly as3 to 2. In the 
second case, the weight of lead reduced amounted to 
42 parts per 100 ieee of galena, and the weight of 
regulus produced amounted to 704 parts, or the 
weight of the reduced lead is to that of the galena 
as 3 to 5. If, however, the most suitable proportion 
is considered to be that which gives the smallest 
amount of regulus for a given weight of lead re- 
duced, this is according to Nolte’s experiments 
obtained by the addition of 27} parts of iron per 
100 parts of galena, yielding 78} parts of reduced 
lead, and 49 parts of regulus, the proportion which 
the weight of the reduced lead bears to that of the 
regulus being in this case very nearly as 3 to 2. 
This is the same as that obtained with the addition 
of 324 parts of iron; in this case, however, the lead 
in the regulus is 8 parts by weight, and in the former 
(i.e., with 32} parts of iron) 6 parts. 

As has been pointed out by Dr. Percy, these ex- 
periments cannot be trusted to, since the iron was 
added in the experiments as iron filings, which were 
likely to be retained as metallic iron mechanically 
diffused in the products. Besides this, it is some- 
what difficult to state what proportion in the re- 
sulting products is to be regarded as the most 
favourable. If it were attempted to reduce the 
whole of the lead to the metallic state, this could 


not be done without, at the same time, reducing the | 


sulphide of copper and other valuable metals, 
which would pass into the work-lead, and which it is 
desirable to retain in the regulus. 

It will, therefore, not be surprising to find that 
experience obtained on the large scale does not 
agree with the above results, and more especially | 
when we remember that about 50 ewts. of roasted 
regulus are added per 100 cwt. of ore, and that of 
the regulus so added about half passes through the 
furnace, reappearing again as regulus among the 
products. In smelting with the acdition of metallic 
iron alone as the precipitating agent, the best pro- 


portion of the reduced lead to the regulas was | 
considered to be in practice as 5 to 4, and this was | 
found to be obtained by adding 12} parts of iron per | 


100 parts of ore. 

Tn our last article (see ante 319) we gave the 
average composition of the charge per 100 cwt. of 
ore for the years 1869 to 1873 inclusive. The follow- 
ing shows the amount of worklead and regulus 
obtained during the same time per 100 cwt. of ore : 


| of iron were added, 31.5 cwt. being obtained from 





In order to obtain the proportion between the 
work-lead and the regulus produced, we must sub- 
tract half the amount of roasted regulus added, 
since, as we have just said, about half the regulus 
so added reappears again as regulus. Thus in 1872 
the regulus produced per 100 ewt. of ore averaged 


68,69 ewt., and the half of that added °°:4 


—— (see 

page 319) =26.7, which subtracted from 68.69 (68.7— 
26.7) leaves 42, and hence the relation between the 
work-lead and regulus produced in 1872 is 58 to 42 

4 6 

ae arly —. 
G prong 

Tabulating these fag apowe we have, as the re- 
lation of work lead to the regulus, in : 

















| 
1869 | 1870. 1871. 1872. | 1873. 
63_6 | 58_6 | 58_6 | 83 |56_33 
4.6 5 48 5 | 50 5 22 | 39 22 








In 1870 the average amount of regulus added per 
| 100 cwt, of ore was 50 cwt., and 25 cwt, of this ore 
are assumed as reappearing again in the regulus. The 
| amount of regulus produced per 100 cwt. of schlieg 
| averaged 73.87 cwt., and if we subtract 25 cwt. from 
| this, we obtain 48.87 as the average amount of 
|fresh regulus produced per 100 ewt. of schlieg. 
| Assuming 52 as the average percentage of iron in 


the regulus, we have 48,87 x = 25.41 cwt. as 


the average amount of iron required to be added 
for the reduction of 100 cwt. of schlieg. 

Similarly in 1869 23.92, nearly 24 cwts. were necessary 
1870 25.41, ,, 25} 
1871 26.06, about 26 
1872 21.84, nearly 22 
| 9? 1873 20.80, ” a %? 32 9? 

The average of the above five years is 23.6 cwt., 
| which agrees very nearly with the theoretical 
| quantity 23.43 cwt. we found above. The iron for 

this purpose is, as we have seen, added in the 
| various slags, especially in the Oker copper slags. 

The average amount of iron—per 100 cwt. of schlieg 
—added in the slags, amounted to 60 cwt. in 1869, 
35 ewt. of this being furnished by the Oker slags, 
and the rest chiefly from slags from the same smelting 
operations ; in 1870 the average amount of iron thus 
added was 58 ewt., of which 35 cwt. were furnished 
by the Oker slags; in 1871, 58.5 cwt. of iron were 
so added, of which 32.5 cwt. were obtained from 
the Oker slags, 14 cwt. from the regulus slags, and 
12 from the schlieg smelting slags; in 1872, 57.5 ewt. 


” ” 
” 


” 


” 
” 
”? 


” 
” 
? 


” 





”? 


the Oker slags, 9 cwt. from the regulus slags, and 
16 ewt. from the schlieg smelting slags ; and in 1873, 
574 ewt. of iron were added, 30 cwt. being obtained 
| from the Oker slags, 14 ewt. from the regulus smelt- 
ing, and 134 ewt. from the schlieg smelting slags. 
It will thus be seen that on an average about 35 cwt. 
more of iron are added than is really needed for the 
precipitation of the lead, and that the greatest con- 
sumption of iron does not take place in the precipi- 
| tation of the lead (a formation of the regulus), but 
in the formation of readily fusible slags. 
The chief reaction concerned in the smelting 
operations is expressed by the equation 


traction process at Oker, the iron is given as in the 
state of sesquioxide, and in this case in the furnace 
the Fe, O, will be reduced partly to Fe O, and partly 
to metallic iron. 

As we have mentioned, the sulphides of lead and 
iron combine at a temperature below that necessary 
for the reduction of the galena by the iron, but the 
higher the temperature, the poorer is the resulting 
regulus in sulphide of lead, and as with a high 
temperature a great loss of lead takes place by 
volatilisation, a high furnace is found to be advan. 
tageous in the precipitation process ; as in that case 
a high temperature can be kept up in the hearth, 
and yet the upper portion of the furnace remain 
sufficiently cool to condense the greater portion of 
the lead which may be volatilised in the lower part 
of the furnace. 

The higher the temperature the more readily is 
the iron reduced, and if too much iron is reduced, 
that which does not enter into combination either in 
the slag or in the regulus, settles on the hearth of 
the furnace, and there accumulating forms the so- 
called ** bears,” which interrupt so much the regular 
working of the furnace, and which if they continue 
to increase may cause the furnace to have to be 
blown out. It is for this reason that the furnaces 
are chiefly arranged as sump furnaces, as they more 
readily allow the removal of these bears from the 
hearth, and as an additional precaution the pressure 
of the blast is not allowed to exceed 20 millimetres 
of the mercury column, whilst at the same time a 
temperature of about 1100 deg. Centigrade is kept 
up near the tuyeres. Under these conditions, 
sufficient FeO remains as is necessary to flux the 
silica in the ore, which at the temperature employed 
forms a fluid bisilicate slag. 

Besides the iron obtained from the above sources, 
iron is added in more or less quantity in the form 
of Fe, O3 in the roasted regulus or the regulus 
slags; this is reduced, as we have mentioned, to 
Fe O and metallic iron, and so assists in the preci- 
pitation of the iron. The precipitation process it 
will thus be seen, causes no consumption of iron, 
since the iron which passes into the regulus is used 
over again for the formation of fresh regulus, a 
great part of the iron in the regulus during roasting 
becomes converted into Fe,;O,s, and during the 
regulus smelting, as we shall see, passes into the 
slag, which is added to the charge for the ore or 
schlieg smelting. When the regulus is too poor in 
copper for the regulus smelting, it is, after being 
roasted, added to the charge for the ore smelting. 
The whole of the iron therefore which passes into 
the regulus is thus used over again, and itis only in 
the formation (by combining with the silica of the 
ore) of the schlieg slags that the consumption of 
iron takes place. 

The sulphide of copper in the ore is only partially 
reduced to the metallic state by the iron, a double 
sulphide of iron and copper being formed during the 
smelting, on which the iron has no further reducing 
effect. When Cu,S is mixed with an equivalent 
quantity (chemically so the Cu) or an excess of iron, 

it is not decomposed, the whole being melted and 

forming a sort of regulus or a mixture of regulus 

and metallic iron. Hence it ap probable that 

the metallic copper which may find its way into the 

work-lead, results rather from the decomposition of 

the Cu,S by the metallic lead rather than iron. 

When Cu, § is heated with metallic lead in excess 








Fea+2 Pb S=2 Fe S+2 Pb. 
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(as is the case in the lead-smelting furnaces) accord- 
ing to Dr. Percy from one-fifth to one-sixth of the 
copper is reduced to the metallic state. According 
to Kerl (Oberharger Hiittenprocesse) the greater the 
quantity of iron added to the charge, the greater is 
the amount of copper which collects in the work- 
lead. ‘This is perhaps due to the fact that the 

ater quantity of iron reduces a greater quantity 
of lead, and thus indirectly leads to the reduction 
of a greater portion of copper, which passes into 
the work-lead. Any protoxide of lead in the roasted 
regulus added to the charge would result in the re- 
ducticn of a portion of the copper to the metallic 
state. The oxide of copper in the roasted regulusis 
converted into sulphide both by the sulphide of lead 
in the ore and the sulphide of iron as it is formed in 
the furnace, the action of the latter being facilitated 
by the presence of any silica in the charge. 

The sulphide of silver in the ore is chiefly reduced 
by the metallic iron, and also though to a much less 
extent by metallic lead, The reactions may be ex- 
pressed as follows : 

2 Ag. S8+2 Fe=2 FeS+4Ag 
2 Ag. S+2 Ph=2 PbS,+4Ag 

The metallic silver thus precipitated is at once 
dissolved in the surrounding lead. The great affinity 
of sulphide of silver for sulphide of copper leads to 
the retention of a large portion of the silver as 
Ag, S in the regulus, and it is owing to this tendency 
that the regulus is usually proportionately richer in 
silver than the work-lead. 
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On the Science of Weighing and Measuring and Standards 
of Measure and Weight. By H. W. Co1sHoLm, Warden 
of = ‘wome London : Macmillan and Co. |Price 
4s. 6d. 
Tuis is one of the excellent publications issued by 
Messrs. Macmillan and Co., under the general title 
of the ‘‘ Nature Series,” and no one probably could 
have been selected better than the author, for treat- 
ing the subject. The book is divided into eight 
parts and contains forty-five well-executed engrav- 
ings, which greatly assist the letter-press. Mr. 
Chisholm’s brief sketch of ancient weights and 
measures is very interesting. He points out that 
while a system of standards was among the earliest 
necessities of civilised life, those adopted by ancient 
countries even of the highest culture, were imperfect 
and crude to a high degree, and that apparently no 
instruments pretending even to approximate pre- 
cision were employed in the construction or com- 
parison of the ancient standards. The author dis- 
putes the frequently accepted idea that the Egyptian 
unit of length, from which those of weight and 
measure were deduced, was taken from the ascer- 
tained length of a degree of the meridian, just as 
the metric standard was obtained. The base of the 
Great Pyramid has been assumed to have been 
the unit of measurement, the length being the 
500th part of a degree of the meridian, but the 
hypothesis is defeated by the fact that the length 
is not s4sth but about z}sth part of a degree, and 
the Egyptian standards like those of other ancient 
nations can lay no claim to a scientific basis, but 
rather to the more natural though uncertain propor- 
tions of the human body, the palm, the span, the foot, 
the cubit, &c., the cubit being the most important, 
but of very varying length, as shown by the fact 
that the sacred Jewish cubit was equal to 24.7 
English inches, while of two Egyptian cubits, one 
was 18.24in. and the other 26.67in. The Baby- 
lonian cubit, however, corresponded accurately with 
the one last named. The Babylonian foot appears 
to have been about three-fifths of the cubit and 
12.6in, long. The standard units of measure and 
weight seems to have been based on the capacity 
of a vessel containing one cubic foot of. water or 
other liquid, This unit was known as the talent, 
and was sub-divided into several parts, 

Coming to later times, the English standard units 
of weight, capacity, and length—the yard, the 
bushel, and the pound—have been transmitted from 
the Saxon, the Normans having accepted the 
measures they found, the only change made being 
that the custody of the standards passed from the 
city of Winchester, to the Exchequer in West- 
minster, where they remained in the Pyx Chapel 
(excepting those in actual use, which were kept at 
the Exchequer), until 1866, when the Exchequer 
was amalgamated with the Audit Office, the 
Standards Department of the Board of Trade was 





created, and all standards passed to the custody of 
the Warden, Mr. Chisholm describes with many 
illustrations the various standards of measure, 
weight, and capacity that are still under his charge, 
and he makes special reference to the set of Ex- 
chequer weights constructed in 1588, and which 
were used to regulate the whole of the weights in 


the kingdom till 1824. There are two sets of these, | ad 


the larger from 1 1b. to 561b., the smaller from ] dram 
to 8lb.; the former are bell-shaped, and the latter 
are discs. The standard bell-shaped pound weight 
weighed originally 7002 troy grains, in 1758 it 
weighed 7000.5 grains, and in 1873 it weighed 
6999 grains, having thus lost 3 grains in weight 
through nearly as many centuries. 

The legal standard units now in use are*the pound 
avoirdupois and the yard, constructed under the 
superintendence of the Standards Commission in 
1843, and the mode in which this Commission 
arrived at their conclusions is described by Mr. Chis- 
holm with considerable length, and is of the highest 
interest, Equally interesting is the author's account 
of the adoption of the metric system in France, 
and which was finally established by law December 
9, 1799. Shortly after, two platinum metre stan- 
dards were brought to this country, in order that the 
equivalent length of the metre might be accurately 
determined. The British scientific standard of 
length known as Shuckford’s scale (it having been 
made by Sir George Shuckford in 1796) was used as 
the first standard of comparison, The length of the 
platinum metre at its standard temperature of 
32 deg. Fahr. had to be determined in terms of the 
brass standard yard at 62 deg. Fahr. Allowance 
was made for the different rates of expansion of the 
two metals, the coefficient of expansion of the 
platinum being taken to be .G0000476 for each 
Fahrenheit degree, and that of brass .0000101. The 
length of the metre was thus determined from the 
metre-a-bouts to be 39.37086 in. of the Shuckford 
scale, and from the metre-d-traits 39.37081 in., after 
allowing for its error of .00069in. The mean length of 
the metre therefore was 39.37084.in. of the Shuckford 
scale, and as this scale had been found .00005 in. 
longer than the Parliamentary standard, the true 
length of the metre was finally decided to be 
39.37079 British inches, 
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THE ELECTRIC LIGHT. 
To THE EDITOR OF ENGINEERING. 

S1r,—The two letters appearing in your issues of the 
2nd and 9th inst., both signed S. Alfred Varley, call for a 
few remarks on my partin reply. 

It is of course impossible forme to say when the idea of 
the magneto-electro reaction principle may have occurred 
to Mr. 8. Alfred Varley, and possibly totems before him, 
but I do not see in his observations any good reason to alter 
the view to which I have given expression in my letter to 
you of the 20th ult., in assigning the merit of having first 

ublicly enunciated the principle in question to my brother, 
Dr. Werner Siemens. 

I am sorry to have given offence to Mr. S. Alfred Varley 
in referring to his letter of the 22nd ult. as that of Mr. C. 
Varley, a mistake which arose from the circumstance that 
in the provisional specification referred to in that letter the 
name of Mr. C. Varley stands first. It seems somewhat 
surprising under these circumstances that Mr. 8. Alfred 
Varley should be impatient to be considered the whole and 
sole originator of the principle in question. 

But there is a circumstance connected with the pro- 
visional specification itself which would lead one to suppose 
that at the time of its being deposited in the Patent Office 
the Messrs. Varley could not have submitted it to actual 
trial. They say, ‘‘ Before using the apparatus we generally 
send an electric current through the electro-magnets ; the 
object of this is to secure a small amount of: perma- 
nent, magnetism in the direction we wish’ in the soft iron 
cores of the electro-magnets.’’ A single trial of the 
apparatus would have convinced those gentlemen that no 
such excitement of the magnet is at all necessary for 
starting the apparatus in action, terrestrial magnetism or 
a magnetic tension in the iron set up in its manufacture 
being sufficient to engender the requisite action. Iam, 
however, not disposed to contest Mr. 8S. Alfred Varley’s 
assertion that the idea of the reaction principle occ 
to him in the autumn of 1866, and can only express my 
surprise that he should have remained mute upon the 
subject until the 14th of December 1867, when his final 
specification was filed, which patent I need hardly say was 
invalidated through the several prior publications which 
had at that time taken place. 

Yours faithfully, 
C. WILLIAM SIEMENS, 

12, Queen Anne’s Gate, Westminster, 

Nov. 14, 1877. 





CONTINUOUS BRAKES. 
To THE EDITOR OF ENGINEERING. 
Srr,—I have read your able article in last week’s 


number concerning ‘‘ Continuous Brakes,’’ the necessity for 
which you have spared no pains in demo ing. I 
it only just, therefore, as one of those interested, that with 


your usual courtesy you should insert this. ‘‘ You mention 
the fact that the two brakes recommending themselves for 
option are of American origin, and you say you would 
have pans to see both these Americans, who have come 
over here to force an application of their — upon our 
railway companies, beaten out of the field by English 
ingenuity ;”’ feeling that you are genuine in this statement, 
you surely have overlooked the hydraulic brake : 

1. It was in use in England prior to either. 

2. It has proved itself thoroughly efficient. 

It is not, however, backed by a powerful company, and 
to this alone can it be attributed its being thus ignored. 
It may be stated that the results with it were not good at 
the Newark trials, the cause of this was explained, and the 
question now is, What results is it fivin at the present 
time? And for an answer to this would refer to the 
Midland Railway Company, where it is, and has been for 
the last sixteen months, in daily use in its latest form, and 
can be seen by any one so interested, and if inquiries are 
made on the spot, it will be found to have the reputation, 
rang or wrongly, of being the most powerful train stopper 

ve. 


I am, Sir, yours faithfully, 
Epwarp D. BARKER. 
45, Bedford-row, November 12, 1877. 


MACHINE AND HAND-BORING. 
To THE EpDIToR oF ENGINEERING. 
Srr,—In my letter to you of November 6th, the last 
sentence reads: ‘‘ In the tunnel the men do not drill more 
than eight inches per hour.” It should be “ eighteen 





inches per hour.”’ 
Yours truly, 
Dowlais, November 9, 1877. Joun C. Mackay. 


WATER BALLAST. 
To THE EDITOR OF ENGINEERING. 

Srr,—Your number of September 7, 1877, contains the 
excellent and well-illustrated report of Mr. Martell, chief 
surveyor of Lloyd’s, on ‘‘ Water Ballast,’’ respecting the 
nineteen different systems, with names of all parties con- 
cerned except of No. 13, of which it is simply said that the 
vessel was built in Italy in 1873 and. gave satisfaction to 
the owners. The vessel alluded to is the Scio, now of 
London, was built by us, an ish firm, in this place, 
the only firm in Italy that has built Transatlantic steam- 
ships and engined them (some hulls of wood, others com- 
see , and the Scio and Assyria of iron) ; the Assyria, also 

unched in November, 1874, belongs to the Genoa Italian 
Saat Sonam running to Bombay, both vessels 
proving first-class sea boats in hulls and machinery, like 
all the other lesser vessels built here by us. 

Respecting the water ballast, as first ad ag by me to the 
Scio and Assyria, the plan I think can safely be considered 
as the truly correct and proper one, as not occupying any 
paying or useful room whatever of the hold of the ship, 
and it has several other economical and nautical advan- 
tages most valuable and important, and which none of the 
other eighteen modes can ibly possess. This, no 
doubt, induced the Sunder’ firm to apply the same in one 
of their vessels in 1876. Iam, therefore, much obliged to 
Mr. Martell’s favourable notice of the same. Please render 
this public in the first number of your excellent periodical, 
and believe me 





Truly yours, 
J. A. WESTERMAN, C. Ex. N. Eng. 
Genova, October 25, 1877. 


STEAM JACKETS, 
To THz EpiToR or ENGINEERING. 

S1r,—I notice that your correspondent, ‘‘ W. M. F. B.,”’ 
in his otherwise valuable remarks on ‘‘ The Abuse of the 
Steam Jacket,”’ still adheres to his former statement, that 
air will accumulate at the highest point. In practice I have 
always found it to accumulate at the lowest point, and 
according to several text-books air is heavier than vapour 
of water of same temperature and pressure. 

As I consider the settlement of this point a matter of 
some importance, aenemn ” soa correspondent would favour 
us with some proofs of the correctness of his views, or 
possibly you, Mr. Editor, would judge between us. 

Yours obediently, 

London, November 15, 1877. W. ScHONHEYDER. 


AmeERICAN STEAM SHIPBUILDING.—Messrs. J. Roach 
and Son, of Chester, Pennsylvania, have launched the City 
of Savannah, an iron steamer of 2250 tons burthen. She is a 
sister ship to the Macon, and her keel was laid down April 
5, 1877. Both vessels were built for the Ocean Steamship 
Company, of Savannah. The main dimensions of the ng 











of Savannah are as follows : Length over all, 272 ft. ; le: 
over the 12ft. water line, 255ft. 10in.; beam m . 
88 ft. 6in; depth of hold, 24ft. 10in.; depth from base 
line to top of spar deck, 26ft. 10in. The coal bunkers 
have a capacity of 600 tons. The City of Savannah has 
two compound surface condensing engines of 1650 horse 
power nominal, She. has four tubular cylindrical boilers 
each 12 ft. 8 in. in diameter and 10 ft. Gin. in length. The 
propeller has four blades ; the diameter of the propeller is 
14ft. 3in., and the mean pitch is 23ft. 6in. The vessel 
has three decks besides the hurricane deck ; the spar deck 
is entirely and the main deck partially of iron. The City 
of Savannah will be brig- will spread about 
15,000 square feet of canvas. She will have 40 state- 
rooms and will accommodate 150 first-class passengers, 
officers, and crew, besides 200 in the steerage. 
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THE STRENGTH AND ELASTICITY OF 
JAPANESE TIMBER. 
To THe Eprror oF ENGINEERING. 

Srr,—The experiments on this subject, the results of 
which are shown in two separate forms, in the annexed 
diagram and in Table I., were instituted principally for 
teaching p , to enable definite statements to be 
made in treating of a constructive material so largely used 
in Japan; and further to afford some practical data for 
my own guidance in designing work where timber is par- 
tially or wholly used. 

‘Although wood is and has been by far the most exten- 
sively used constructive material in Japan, a | little is 
positively known with regard to the strength, deflection, 
and general characteristics of Japanese woods, beyond that 
innate, intuitive knowledge of a practical nature which 
disappears with its possessor, and which, however good a 
guide in certain cases, is still fallible and almost incapable 
of transference. The best and almost only reliable infor- 
mation on this subject was given in a paper read by Pro- 
fessor Smith before the Asiatic Society of Japan in Oc- 
tober, 1875, and published in the Transactions of the 
Asiatic Society, vol. iv. p. 27, upon experiments 
made by the junior students of the Kaisei Gokko Tékié, 
under the direction of the reader of the paper; but these 
experiments were not sufficiently extensive, as they only 
comprise a portion of the useful woods of Japan. 

‘Although I have included several of the woods men- 
tioned in the foregoing paper, my object has been to 
a the list of specimens al ly subjected to experi- 
men 

The specimens used in my investigations were well- 
selected, sound, Seta, and free from knots or 
other defects. They had been, for a considerable period, 
stored in the timber store, which is a close shed heated 
by a steam pipe in —_ weather. Before being placed 
therein, they were bought as well-seasoned timber; it 
may therefore be reasonably allowed that the specimens 
represented a fair average of good quality timber as used in 
practice. The specimens were cut 2 ft. 6 in. long to suit 
supports 2 ft. apart, and were accurately planed to 1} in. 
square. These dimensions were adop’ for a special 
reason which it may be well to mention. As I wished to 
show the relative strength and deflection together, by in- 
cluding all the results on one diagram, the ultimate feature 
of the diagram had to be considered and the size of the 
specimens kept within the breaking power and range of 
deflection of the testing machine. After making some 

reliminary experiments to determine the dimensions giving 
he maximum length and sectional area, the dimensions 
stated above were adopted. 

The testing machine employed in these experiments is of 
the simple lever description, and on the common steelyard 
principle with a movable weight capable of moving from 
the fulcrum to a distance of 10 ft. from it along the long arm 
of the lever. The machine was principally made for testing 
wood and is to rupture any specimen having a less 
ultimate resistance than three tons. It is erected in the 
queuing laboratory of the college and was made at 
the workshops in connexion with the college, by order and 
under the general . >: of the principal. Although 
simple in principle, the machine is somewhat elaborate in 
detail on account of the automatic recording and stopping 
gear which is attached thereto. These latter enable the 
machine to record on a di , ina manner hereafter 
described, the behaviour of the specimen while under ex- 
periment and the desiderated results ; and also to lock the 
movable weight on the lever in the position it had moved 
to at the moment the specimen mot my acting asa check 
on the diagram by enabling the value of the position as 
—- the leverage to be read off on a graduated scale 

xed to the lever. Before entering upon the mode fol- 
lowed in carrying out the experiments, it may be well to 
describe briefly some of the details of this machine and 
their respective uses. 

The lever is of polished wrought iron, of rectangular 
section, and hangs on a hardened steel fulcrum bar which 
rests on hardened steel concave plates. These plates are 
fitted into a bifurcated fulcrum standard of cast iron, 
standing on a wide based foundation plate of the same 
materiel. This foundation plate is securely bolted down 
to a massive and rigid masonry foundation, which must 
necessarily be strong and heavy, as it has to resist, with- 
out sensibly yielding, the action of 3 cwt. hanging on a lever 
arm 10ft. long, tending to overturn it ; otherwise the dia- 
gram would be vitiated. The long end of the lever works 
through an oblong slot in a pillar which supports the 
driving gear for giving motion to the movable weight, and 
protrudes beyond. At its extremity is fixed the recording 
apparatus, essentially similar to a steam engine indicator, 
as will seen by the section and elevation shown at 
Figs. 1 and 2. But instead of the revolving drum A, 
which carries the diagram ing motion from a piston 
rod, its gets it from the movable weight as it runs along the 
lever; and instead of the pencil being moved by a steam 
piston, it is moved by the deflection of the lever through 
the intervention of a cord encirchng the wheel E, whilst 
suspending a weight H from a fixed point above. The 
w H carries a small pinion at its back which gears into 
the rack os the pencil-holder. Upon reference to the 
figure it will be evident that when the end of the lever I 
falls the pencil F will consequently rise. The office of the 
large wheel C and the small wheel D (both on one axis) is 
to reduce the motion of the cord attached to the movable 
weight from 10ft. to 8in., and so make it suitable for 
causing the drum A to revolve about four-fifths of a 
revolution when the weight travels the full range of the 
lever, viz., 10ft. The size of the diagram is 8 in. long by 
6} in. high, and for convenience the cards used are first 
——— with ordinates and abscisse, so arranged that 
their values are easily computed afterwards. Reverting to 
the tom gear shown at Figs. 3 and 4, so clearly as to 
need li urther description, it has been said t the 


stopping gear is made to lock the carriage W carrying 
movable weight when the specimen breaks.. But it has 
another duty of a preventive nature to perform. The 
weight carriage W runs on two bars L L! fixed on each side 
of the lever, and carries the necessary weights suspended 
by the rod S. Each of these weights is of lead, and 
weighs exactly 56 Ib. ; there are six in ber, and’ th 
weigh 3cwt. The carriage W is primarily moved by the 
sash-cord band JJ driven by the ne, Se and 
this band is capable of having its motion rev or modi- 
fied by suitable means, and so arranged that when the 
engine is running at its normal speed, the movable weight 
can be moved along the full length of the lever in one, two, 
three, four, or five minutes respectively. 
experiments were made the weight was arranged to travel 
its full range in three minutes, as shown at the foot of the 
diagram. It will be observed that by following the ordi- 
nate from the point of rapture down to the time-scale, the 
time occupied in breaking each specimen is shown. The 
band J J encompasses the wheel 
spindle carrying a pinion gearing with the rack X fixed to 
the bottom of the lever, and gives motion to the carriage W. 
It may be well to remark that the band J J is so arran 

by means of guide pulleys that its pull has no sensible 








ing the | pinions P and Q 





| locking W, a spherical weight N is hung on a toe-lever R 





nen the whee 
, which is mounted on a | the teeth of which a sliding clutch V, actuated by R, 









ini This differential motion canses the 
pinions to revolve with their respective screws, giving one 
of the latter a forward and the other a backward motion. 

The screw with the forward motion protrudes out so far 
as to come in contact with the link of the carriage W 
before it can make a half revolution. Thus in whatever 
direction W moves quicker than its normal speed, one of 
the screws protrude and prevents its further motion. 

I will now describe the other office of the stopping gear. 
What is required is to lock W in position at the moment 
Cogneees breaks, and it is thus effected. 

en the specimen is ruptured the end of the lever 


| falls sharply—on an india-rubber buffer capable of being 
When these | . 


moved up and down by a duplex screw—and receives a 
slight concussion. To make use of this concussion for 
and the lever R and weight N are upheld by a s ring—seen 
in the figure—acting on the toe-point of R. The inside of 
K has an annular toothed wheel fixed thereon, in 


engages when the weight N falls from its normal position, 
shown in the figure. When R is supported by the spring, 
V is kept out of gear, but the moment N falls beyond the 
support of the spring by the acquired momentum due to 


Fig.?. 













































































influence on the action of the lever, this being effected by 
bringing the centre of the band in the axis of the fulcrum, 
when it is manifest that no moment will be formed by any 
pull of the band. 

When the lever departs from the horizontal position, the 
bars L L' form an inclined plane down which the weight 
carriage W would run with considerable velocity should the 
band accidentally leave the wheel K. This seldom happens, 
but any injurious effects that might arise from the velocity 
of W is effectually obviated by a self-acting arrangement, 
of which the wheels M and O and the two pinions P and Q 
form an important part. The object sought is to lock the 
carriage W when it exceeds its normal velocity, and this is 
effected as follows. The pinions PQ are fixed on two 
SS screws, which are respectively right and left 
handed. These screws work into nuts formed on the oppo- 
site ends of a double-arm lever fixed to the spindle Z. 
The wheel M is a flywheel with air vanes fastened to each 
arm to retard its motion. The cogwheel O is part of M 
and revolves with it, and with the pinions P and Q. 
But the wheel M is not fixed to Z; it is only held feebly b 
a small spring pressing into an indent in the spindle Z, 
which has just sufficient grip to hold M and Z together in one 
— when the iage W travels at the normal speed. 

hould this speed be quickly exceeded the inertia and aérial 
resistance (caused by the vanes) of M overcoming the grip 
of the spring cause it to behind and move relatively 





to the wheel K and the double-arm lever carrying the 








the fall of the lever, the clutch V engages with K, and 
firmly locks it, so that the position of W along the gra- 
duated scale U can be determined for checking the diagram 
made by the recording apparatus. The action of the lever 
R and ball N is similar to that of the “ gravity piece”’ in 
Nasmyth’s hammer. 

The other details call for no special notice. The lever 
is sufficiently massive to be sensibly inflexible under the 
working stress, and is hung about 3 ft. 6 in. above the 
floor level. In the short end of the lever are two steel, 
knife-edged, cross bars, 12 in. and 6 in. respectively distant 
from the fulcrum, and on one of these hangs the adjustable 
rod connecting the lever with the specimen. When this 
rod hangs on the distant cross-bar, the greatest value of 
the lever is 10, and when on the near one the value is 20. At 
the extremity of the short end of the lever hangs a heavy 
counter-weight which maintains the lever in balance when 
W is directly under the fulerum. It will thus be observed 
that the stress on the specimen begins from zero, and 
increases by a series of regular and imperceptible grada- 
tions until the rupturing stress is attained. , 

Specimen-holders are attached, for use in experiments on 
the tensional, crushing, and transverse resistance of timber, 
and also for small specimens of cast and wrought iron 
which come within the compass of the machine. _ L 

The lever when loaded is very sensitive on its knife 
edges, and the machine generally has given satisfactory 
results. 
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This description, which must have already exceeded the | and care were taken to procure truthful results, so far ; and money outlay, but if carried out with Japanese timber, 
limits of your space, compels me to abbreviate any remarks | as the deflection and ultimate strength were concerned, | valuable knowl would be obtained which is now want- 
on the experiments themselves. this being the principal object in view. ; a 

With one exception, two speci of each wood were If time and circumstances permitted, such experiments e specific gravity was determined by-forming blocks 
broken and their two curves taken on one di m. In| might be extended with exceedingly fruitful results. In- | from the broken specimens a decilitre in cubic capacity 
some cases these curves nearly agreed, in others they | formation regarding the age, history, and mode of growth | (1.73 in. square and 2.05 in. long) and weighing them in an 
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Deflection iv Tentha of Inches. 


Time iv Seconds dur which Stress was applied 
Specimens were supported at both Ends and Loaded in the é wy Fhe 14 w4 apart} Specimens 1% w* Square 


O Represents the Elastic Limit resents the Breaking Point 


TABLE I.—EXPERIMENTS MADE AT THE IMPERIAL COLLEGE OF ENGINEERING, TOKIO, JAPAN, BY GEO. CAWLEY, INSTRUCTOR IN MECHANICAL 
ENGINEERING, ON THE TRANSVERSE STRENGTH AND ELASTICITY OF JAPANESE WOODS. 
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' 





Norz.—All the specimens were 2ft. 6in. long, and accurately planed to 1jin. square. 


differed very considerably, but in each diagram I formed | of the tree, where , nature of soil, aspect of position, | accurate balance ; their weight in mes gave their 
& mean curve from the two curves obtained, and assumed | healthy or unhealthy, mode of felling, mode and time of | specific gravity to the second decimal Sure. 
this to be a nearer approximation to the true value than desiccation, hydrometric condition, position and value of To facilitate comparison with English timber the values 
either of the former. All the curves except one on the an- | the specimen with regard to the section of the tree as of E and § in Table I. are made to accord with those found 
nexed are therefore mean curves, drawn with | be obtained—these facts and many more might be no at page 82 in Professor Barlow’s valuable work on the 
suitable care from the recorded curves. and compared ; and it {might also be seen how far experi- | ‘‘ Strength of Materials,” where are given the results of 
The experiments were conducted mally, and I may | mental results generally a or differed with the theory | experiments on species of timber selected from Woolwich 
say that in the manipulation of them, great precaution ! of the strength of materials. This, however, requires time | Dockyard. 
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With regard to the testing appliances used I may add 


that the stopping gear, recording apparatus, and most of | 


the other details of the testing machine were designed by 
me, and that all the practical work was done by Japanese 
workmen from my drawings and occasional instruction, in 
a skilfal and workmanlike manner. 

Sugi (Cryptomeria Japonica) is the native cedar, and is 
extensively used for a variety of purposes. In dwelling 
houses of the better class a considerable quantity is used for 
ceilings, door panels, partitions, and other interior fittings. 
Large thin slabs, not half an inch thick, and three or four 
feet in width, are often to be seen thus used, having beau- 
tiful grain configuration. A common variety is much used 
for the masts and upper part of the hulls of junks, and for 
the framework of houses. 

As smaller uses, bath tubs, spirit vats, pails, lining for 
wells, and carrying poles may be mentioned. There are 
many varieties of this wood, some of which are held in 
high esteem for the inner ornamentation of houses and 
temples. 

Kurobi Sugi (Cryptomeria ?) is mostly used for the 
partitions oe — doors in the best hotels and dwelling 
foases, as it is said to be a bad conductor of sound—so 
much so, indeed, that the ordinary conversation of persons 
is not audible, when they are separated by only a thin par- 
tition of this wood. 

Hinoki (Chamecyparis obtusa) is a wood very gene- 
rally used and much prized for several qualities it possesses. 
It is straight-grained, free from knots, easy to work, and 
very durable in situations of alternate wetness and dryness. 
For the latter quality it is widely used in the best work, in 
making bath-houses—an important institution with the 
Japanese—all kinds of coopers’ ware, linings and upper 
platforms for wells, shingles for roofs of temples, and 
— (noblemen’s dwellings), sliding doors, and parts of 
unks. 

. A modern use of it is in the making of machine patterns, 
drawing boards and models, for which it is almost exclu- 
sively used, on account of its clean and easy working, its 
lightness, its permanence of form, and its surface-smooth- 
ness. 

Honoki (Magnolia hypoleuca) is not very largely used, 
although it is soft, straight-grained, easy working, 
and free from knots. I suppose a drawback to its more 
extensive use is its cost. It is the most suitable native 
wood I know of for models, straight-edges, and such-like 
work. Glued joints of this wood hold with remarkable 
tenacity, and for this reason a rough grass, tokusa, used 
by carpenters as glass-paper, is always glued on this wood. 
It has another quality which makes it a favourite with the 
sword-scabbard maker, for as a scabbard it, of all native 
woods, best preserves the surface of polished steel. This 
quality gives it the preference for chopping blocks for 
tobacco-cutting machines. 

Himeko-matsu (Pinus?) is not much used generally ; 
its chief use is in the interior embellishment of temples. 
I have been told that it is used exclusively for wooden idols 
for temples. This is due, no doubt, to the adhesiveness of 
the fibre, which allows it being worked in any direction 
with the fibre. 

Katsura (Cercidiphyllum Japonicum) is employed to a 
considerable extent for house furniture and boxes. Cheap 
chess-boards, cooks’ tables, and carpenters’ planing-boards 
are often made of this wood. =o prefer it for 
planing-boards because of its surface friction, which makes 
the work less liable to slip while being planed. French 
eurves for drawing and set squares are modern applications 
of its use. 

Matsu (Pinus massoniana) is the cheapest and most 
abundant wood in Japan, and exists in great variety. Its uses 
are so many and so varied as to baffle anything like enume- 
ration. From the forming of charcoal to an elaborate 
carving it is used in a thousand different ways. It is 
commonly employed in the roofs and framework of houses, 
bridges, fences, ships, and boats, and in the subterranean 
storehouses for the preservation of goods in the case of fire. 
Water conduits for supplying towns are made of this 
wood. Rice-pounders, common sliding doors, coopers’ 
ware may be cited as smaller uses. A large quantity is 
consumed in the shape of fuel, either as firewood or in the 
production of charcoal. 

Toneriko (Frazinus Sieboldii) is a wood corresponding 
to English ash, but is not extensively used. Its principal use 
is for gun-carriages and tool handles, but it is now being 
employed for the frames of railway carriages and wagons 
in the railway department. Ii seems to suffer much from 
the ravages of worms, as I have never been able to obtaina 
large piece without traces of their destructive tendencies. 

Suga (Meliosma rigida) is mostly oe in the in- 
teenal fittings of the best dwelling houses. Pillars, sliding 
doors, and ceilings are often made of it. 

Kurimi (Platycarya Strobilacea) is sometimes employed 
as a cheap substitute in house furniture for the imported 
Chinese wood, which it very much resembles. 

It is used for the stocks of guns at the 
although Sakura and Mukn were used former 
it has not an extensive application. 

Sakura (Prunus Puddum). This is extensively used for 
wood engraving. It is also much eniployed for furniture, 
turning lathes, writing desks, andsmall boxes. The grotesque 
carvings in the interior of temples are sometimes worked 
oa this wood. 

Keyaki (Planera Japonica) is a largely used and highly- 
prized wood. Furniture now made in European style is 
almost entirely produced from this wood. It was used for 
the massive gates and gate-posts, which once formed the 
entrance to the Daimio’s yashikis, a few of which still 
stand in neglected but stately grandeur, telling us a silent 
tale of the pomp and despotic pride of former days. me, 
which have stood for centuries, have been rased, and bring 
large prices at the furniture broker’s, whose purpose they 
suit admirably. It was ne | used for the floors of the 
best temples and yashikis, and toa less extent is so still. 


poe time, 
y. Otherwise 


wheels, machine frames, and a host of smaller objects. It 
is very plentiful, and the best is said to be grown in Kiushiu. 
It is, however, very variable in quality. 

Kempo-nashi (Hovenia Duicis) is a good deal used in 
common furniture for dwelling houses. Writing desks, 
hibachis (braziers for holding charcoal), and house orna- 
ments are often made of it. Itis also used for the outer 
gates of large residences ; but it has not an extensive use. 

more f omoioceltis aspera) has a limited use, being 
mostly valued for its flexibility in such objects as carrying 
poles, flails for thrashing corns, and archery bows. It 
would serve excellently for carriage shafts or light wheels. 
=e pare of this tree are used by carpenters for polishing 
w 


Tsubaki (Camellia Japonica) is not widely employed in 
construction. The bottom of the stepeeusiion pestles is 
made of this wood—sometimes flails are made from it—but 
a considerable quantity is formed into charcoal to be used 
in glass and tortoiseshell working. 

Nashi (Pyrus aucuparia) is now much used in the manu- 
facture of European chairs, turnery ware, and turning 
lathes. It is a useful wood, and might be more widely 
employed with advantage. It is largely consumed as fuel 
for cooking food. 

Tsuge (Buus aasotenn is the native boxwood, and 
grows very small and irregular. Its chief use isin forming 
combs for the hair, and handles for the best tools. It is 
——* used for small wood engravings, and for stamps and 
seals, 

Shiro-gashi (Quercus Sieboldii) is the strongest Japanese 
wood I am acquainted with. It resembles English oak in 
quality and appearance more than any other Japanese 
wood. Carts, wheels, handles of tools and agricultural 
implements, rudder-posts and tillers, oars for boats, 
carpenters’ planes, and a number of other articles requiring 
strength and inflexibility are formed of this wood. It may 
be used for machine frames and the teeth of mortise-wheels 
with excellent results. 

Aka-gashi (Quercus acuta) is of the same family, and of 
a rich, blood-red colour. It is a hard tough wood, but 
inferior in strength to Shiro-gashi — notwithstanding 
Saget notions to the contrary. Itis much valued for 
pulley-blocks, wedges, plummer-blocks for water-wheels, 
and other machinery, boat oars, carpenters’ planes, and 
ships’ paeerge. It is generally curly in grain and difficult 
to work. 

Before concluding this brief description of a widely-used 
and valuable-constructive material, I will for a moment 
digress to a closely-related subject, and say a word on its 
skilled workers in this country. 

During a residence here of more than four years I have 
been intimately acquain and interested with what can 
be done by the skilled workmen in Japan, who wield the axe, 
the chisel, and the plane. 

Viewed in a manipulative capacity, and comparing them 
with my knowledge of similar handicraftsmen at home, I 
only do them justice in stating that, in many respects, they 
are worthy compeers to their British brethren. They fail 
in competition when solidity, expedition, and absolute 
durability,are considered ; but waive these, and judge them 
simply on the aspect of their finished productions, and it 
will be allowed that for neatness and delicacy of finish and 
general taste of workmanship they are entitled to claim for 
themselves the possession of a superior ability. 

Their tools are naturally in accordance with their mode 
of working. They are designed for neatness {rather than 
rapidity of execution, and object strongly to that rough go- 
ahead treatment borne by English tools. Like the Chinese 
carpenter the Japanese draws his tools towards him when 
cutting, which is opposite to our mode of using them. 
Although some of his tools are highly suitable for their in- 
tended purpose, they are all of a very simple construction. 

I am, Sir, yours truly, 
JAMES CAWLEY. 
Imperial College of Engineering, Tokio, Japan, 
July 18 


, 1877. 





CONSOLIDATION v. FAIRLIE ENGINES. 
SUBJOINED we give the letter from Mr. Mantey referred 
to in Mr. Fairlie’s letter on the above subject, which 
appeared on page 367 of our last number : 
A* 
Craven Hotel, Craven-street, London, 
tober 22, 1877 
Robert F. Fairlie, Esq., Palace Chambers, 
Victoria-street, Westminster, 8.W. 
Dear Sir,—I have now the pleasure to write to you accord- 
ing to my promise. 
ince Mr. Braniff wrote to you in 1873, your engines have 

given us more and more satisfaction. 

When I took (the second time) charge of them, in 1874, 
I found them still working badly ; and from my previous 
experience of their working, it constantly recurred to me 
that a great deal of the cause proceeded from a bad 
draught in consequence of defective chimneys, and also 
from other causes. 
T also found the bogies working too stiffly, too much weight 
being on the side , &e. 
After remedying these defects as much as possible, I 
gradually got the engines into good working order, and 
the cost of stores and running expenses was reduced con- 
siderably. 
It must have been at or about this time, when the engines 
were being altered, and also partly hogan | heay. 
repairs, that some one or other, in the interest of the 
Baldwin Company, obtained copies of some of the monthly 
sheets, showing the costs of repairs, and running expenses 


* This is the letter or paper writing marked “A,” 


mentioned and referred to in the declaration of Charies 
William Hume, made before me this third day of November, 





of the engines. It may be that two or more sheets were 
taken ; and it is very easy for persons, who are so disposed, 
to manipulate them so as to prove any result required ; 
but I now state deliberately that the figures in the state. 
ment of Mr. Jetter are wrong, and misrepresent the true 
facts of the case. If the Baldwin, or any other company, 
wish for details of any engines, the manager or secre 

would, I am sure, be willing to give them, copied from the 
books, and reliable ; but the statement which represents as 
facts so much in favour of the Baldwin engines, was not given 
in this way, and therefore cannot be considered authentic. 

With reference to the report about the tyres given b 
my predecessor, it is correct as regards the leading whee 
of some of the engines. When I first took charge, I 
noticed, as I have said, that the bogies were far too stiff, 
and they could not swivel freely enough for our curves, 
consequently the leading tyres, having all the pressure of 
curving, were worn very much; but since I eased off this 
pressure (which ought never to have existed) the tyres 
wear less in comparison than those of the Baldwin engines, 
which run over a section of the road having fewer and 
larger curves. 

received into my charge two Baldwin and two Fairlie 
engines. These latter began running some months before 
the former, in 1874; and in April last, when I was com- 
pelled to leave for Europe on account of my health, the 
two Baldwin engines had—one late in 1876, the other early 
in 1877—each received a new set of tyres, whilst the 
Fairlie engines’ tyres were quite good, having run over 
60,000 miles, steady running, and were capable of running 
for 18 months longer without renewing. 

There cannot be any true comparison made between the 
two classes of engines, the one running on the lower line 
from Vera Cruz to Orizaba, and the other on the Cumbres, 
from Orizaba to Boca del Monte, and the above facts are 
taken from engines working their own sections, so that, 
besides the difference in wear of tyres, the Fairlie engines 
have by far the most difficult work to do. Moreover, the 
Baldwins, which are a good class of engine, could never 
work the Cumbres section, because, first, they could not 
take the load ; secondly, because it would be impossible to 
keep the rails in gauge ; and thirdly, because it would be 
most dangerous coming down with them. Were it not for 
the Fairlie engines, the Mexican Railway would be com- 
pelled to cease working. 

I have thought it necessary to answer the statements in 
the printed report of Mr. J. F. L. Jetter, so far as the 
Mexican Railway is concerned, and I consider the best 
answer to him is to say, that every word in the printed 
statement made by Mr. Braniff and sent to you by the 
secretary of our company, and also Mr. Braniff’s letter to 
you, are true, as every word and figure has been borne out 
by the facts. 

I cannot understand the statement made, that an engine - 
built, by whomsoever it might be, with the dimensions 
‘stated, and with the wheel base given, could work aes 
like the load over the Iquique Railway (which I understan 
is as near as possible like the Mexican, so far as gradients 
and curves go) as the Fairlie engine, and, our company 
being willing, Iam prepared to go to Peru, and to prove to 
the satisfaction of all concerned that the Fairlie engines 
there will do the work they are credited with doing, and 
save a good deal of money. 

I am glad of this opportunity to refute the statements 
which are calculated to injure the :Fairlie engines, and to 
say that I consider for all heavy railways the Fairlie 
engines are the most economical and safe, and, until a 
better engine is invented, it is the only one that can work 
such lines as the Mexican Railway. 

I remain, dear Sir, yours faithfully, 
H. MAnrey, 
Loco. Supt. Mexican Railway. 


William Grain, Notary, 50, Gresham House, 
ndon, E.C. 

I, Charles William Hume, of No. 18, Kingswood-road, 
South Wimbledon, in the county of Surrey, accountant, 
do solemnly and sincerely declare as follows, that is to say, 
that I was present and did see Henry Mantey, Locomotive 
Superintendent, Mexican Railway, sign the letter or paper 
writing hereunto annexed, marked ‘‘A,”’ and that the 
name or signature, “‘ H. Mantey,’’ subscribed thereto is of 
and in the proper handwriting of the said Henry Mantey. 
And I make this solemn declaration conscientiously be- 
lieving the same to be true, and by virtue of the provisions 
of an Act made and passed in the sixth year of the reign of 
his late Majesty King William the Fourth intituled “‘ An 
Act to repeal an Act of the present session of Parliament, 
intituled ‘An Act for the more effectual abolition of Oaths 
and Affirmations taken and made in various departments of 
the State, and to substitute Declarations in lieu thereof, 
and for the more entire suppression of voluntary and 
extra-judicial Oaths and Affidavits, and to make other 
provisions for the abolition of unnecessary Oaths. 

Declared at my office, No. 50,) 
Gresham House, Old Broad-street, 
in the City of London, this Third 
day of November, 1877. 

Before me, 
W. Grarn, Notary Public. 





Cuaas. W. Hume. 








A Great Dutcu Briper.—A bridge just completed 
over the Maas at Rotterdam has cost nearly 200,000/., of 
which rather more than half has been expended on the 


¥ | superstructure and less than half for the substracture. The 


constractiou of the bridge extended over eight years. Five 
gigantic wrought-iron arched girders resting on immense 
piers, and of spans ranging from 216 ft. 6 in- to 295 ft. 4in., 
and a height of nearly 20ft. above ordinary high water 
level, connect the city with an island in the middle of the 
stream, two other arches uniting this island with the 








It is much used for the piles and piers of bridges, water- 





1877.—W. Grain, Notary Public. 


opposite shore. 
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THE INSTITUTION OF CIVIL ENGINEERS. 
SuBJECTS FOR Papers.—SEsSsION 1877-78. 

Tux Council of the Institution of Civil Engineers invite 
communications, of a complete and comprehensive cha- 
racter, on any of the subjects included in the following list, 
as well as on other analogous questions. For approved 
original communications, the Council will be prepared to 
award premiums, arising out of special funds bequeathed 
for the purpose, the particulars of which are as under : 

1. The Telford Fund, left ‘‘in trust, the interest to be 
expended in annual premiums, under the direction of the 
Council.’ This bequest (with accumulations of dividends) 
now produces about 2601. annually. 

2. The Manby Donation, given ‘‘to form a fund for an 
annual premium or premiums for papers read at the meet- 
ings,” of the annual value of 101. a year. 


3. The Miller Fund, bequeathed by the testator ‘‘ for the fo 


purpose of forming a fund for providing premiums or 
prizes for the students of the said Institution, upon the 
principle of the ‘Telford Fund.’” This fund (with 
accumulations of dividends) now realises nearly 1801. per 
annum. Out of this fund the Council have established a 
scholarship—called ‘‘The Miller Scholarship of the In- 
stitution of Civil Engineers’’—and are prepared to award 
one such scholarship, not exceeding 401. in value each year, 
and tenable for three years. 

4. The Howard Bequest, directed by the testator to be 
applied ‘‘ for the purpose of presenting’ periodically a prize 
or medal to the author of a treatise on any of the uses or 
properties of iron, or to the inventor of some new and valu- 
able process relating thereto, such author or inventor being 
a member, graduate, or associate of the said Institution.’ 
The annual income amounts to rather more than 161. It 
is proposed to award this prize every five years, commencing 
in 1877. 

The Council will not, in any case, make an award unless 
a communication of adequate merit is received ; but, on 
the other hand, more than one premium will be given, if 
there are several deserving memoirs on the same subject. 
In the adjudication of the premiums no distinction wi 
made between essays received from a member, an associate, 
ora student of the Institution (except in the cases of the 
Miller and the Howard bequests, which are limited by the 
donors), or from any other person, whether a native or a 
foreigner. 

List. 

1. The Triangulation Survey, and Mapping of Countries 
and ;Districts, including the Astronomical Observations 
required for latitude and longitude, and measurement of 
bases; with a description of the instruments employed, 
the reduction of the chessvadienn, and degree of accuracy 
of the results. 

2. The Levelling of Countries, either by Spirit-levelling, 
vertical angles, barometers, or the boiling-point of water ; 
with a description of the instruments employed, the re- 
— of the observations, and degree of accuracy of the 
results. 

3. The Manufacturejof Cements, comparing the processes 
followed in different countries. 

4, The Manufacture of Bricks by Machinery, including 
descriptions of special kilns, &c. 

5. The Effect of the Lapse of Time on the Strength of 
Materials strained beyond the supposed limit of elasticity, 
but within the ultimate strength. 

6. The Causes of Slips in Rocks and Earths of different 
kinds, and the Conditions that induce treacherous ground 
in railway cuttings, tunnels, and the sides of valleys near 
reservoir banks. 

7. The Application of Steam Machinery for Excavating, 
and the Cost as compared with Hand Labour. 

8. The Results of the Use of Steel in Mechanism and in 
works of Construction. 

_ 9. The Construction of Warehouses and of other Build- 
ings to resist Fire, and the relative merits of stone, brick, 
iron, and timber for that object. 

10. The Warming and Ventilation of large Buildings. 

11. The different Systems of Road-making best adapted 
for large towns, or where the traffic is heavy, including a 
Comparison of First Cost, Maintenance, and Durability. 

12. The Design and Construction of Masonry Dams of 
great height for retaining water in reservoirs. 

13. The Storage and Filtration of Water, both natural 
and artificial. 

14. The Benefits and Expedients of Irrigation in India 
and in other warm climates, and the proper construction 
of irrigating Canals, so as to avoid erosion or silting, and 
to prevent the growth of weeds. 

15. The constant Service of Water Supply, with special 
reference to its introduction into the Metropolis, in sub- 
stitution for the Intermittent System. 

16. The systems of Domestic Water Supply suitable for 
rainless districts. 

17. The different systems of Opening Bridges, with 
details of the modes of working them. 

18. The Design, generally, of Iron Bridges of very large 
span, for Railway traffic. 

19. The Design and Construction of Dock Gates and 
Caissons, including the requisite external and internal ar- 
rangements, illustrated by recent practical examples. 

20. The Design and Construction of Building Slips for 
large Vessels. 

21. The Appliances and Methods used in different 
countries for T'unnel-driving, Rock-boring, and Blasting, 
with details of the cost and of the results attained. 

22. The Works carried out for the Improvement of the 
Seine and other French rivers, and of Inland Navigation 


a: 
_ 23. The relative Value of Upland and of Tidal Waters 
in maintaining rivers, estuaries, and urs. 

24. The Construction of Tide Gauges, and the usual 
a of carrying out a systematic series of Tidal Obser- 





25. The differences in Design of British and Foreign 
Locomotive Engines ; showing the benefits derived from 
increase in weight, and the relation that ought to exist 
between the diameter of the wheel and the load it has to 
carry. 

26. The Lighting of Railway Carriages. 

27. The Construction of Steam Boilers adapted for very 
High Pressures. 

28. The best practical Use of Steam in Steam Engines, 
and the effects of the various modes of producing Conden- 
sation, and of various grades of expansion. 

29. The Modern Construction of Marine Engines, having 
reference to Economy, by an) oe ng Surface Conden- 
sation, High Pressure, great Expansion, &c. 

30. Modern Experience in Screw Propulsion, comprising 
the comparative efficiency of propellers of large diameter, 
and of smaller ones deeply immersed, and the influence of 


rm. 
31. The best Shapes for Yachts and for Ships for com- 
mercial purposes. ; 

32. The relative Efficiency of the Screw Propeller and 
Paddle Wheels for Towing purposes. 

33. A Comparison of the different Modes of transmitting 
Power for auxiliary purposes on board Ships, and in Ship- 
yards, and Engine Factories. 

34. The various descriptions of Pumps employed for 
Raising Water or Sewage, and their relative efficiency. 

35. The relative advantages of Wind and Water as 
Motive Powers, com with Steam Power, and the 
Motors most suitable for utilising them. 

36. Compressed Air as a Motive Power, particularly as 
applied to Machinery in Mines and to ‘Soseuniens in 

‘unnels, with some account of its application on the Con- 
tinent. 

37. The Manufacture of Mineral Oils, and the Lamps 
— adapted for their consumption in dwellings and light- 

ouses. 

38. The ‘ Output’’ of Coal in the United Kingdom, as 
com with that of other countries, illustrated by 
statistics, showing where Coal is produced, where and how 
it is consumed, and the relative quantities exported. 

39. The Methods and Machinery employed in sinking 
and in working deep Coal Mines. 

40. Coal Depdts for Ocean Steamers, the various points 
involved in their management, and the methods of preserv- 
ing large quantities of coal from deterioration. 

41. The Metalliferous or other Mining Districts in 
different countries, and the mode adopted in working them. 

42. The Methods employed in securing the Excavations 
in mining large and irregular-shaped mineral deposits, for 
example, the Almaden Mines, the Great Comstock 
Lode, &c. 

43. The appliances used in different countries for Dres- 
sing the Ores of Lead, Copper, Zinc, and Tin, and the 
Smelting of such Ores, with details of the results and cost 
by various methods. 

44. The Losses in the Reduction of Metallic Ores by 
different methods, distinguishing losses in dressing from 
those in smelting. 

45. The Disposal and Utilisation of Slags from various 
smelting processes. 

46. The Management of Underground Waters in minin; 
districts, and the relative economy of distributed or tru’ 
pamping engines, adits, &c., in particular cases. 

47. The oe and Processes for the manufacture of 
Artificial Fuel in different countries. 

48. On recent Progress in Telegraphy, with a notice of the 
theoretical and practical data on which that progress has 


49. Electricity as applied to Lighting Purposes. 
ae Torpedoes, and their influence on Naval Con- 
struction. 


Instructions for Preparing Communications. 

The communications should be written in the impersonal 
pronoun, and be legibly transcribed on foolscap paper, on the 
one side only, leaving a sufficient margin on the left side, 
in order that the sheets may be bound. Every paper must 
be prefaced by a concise abstract. 

All communications should be accompanied with a set of 
drawings on tracing paper, to as small a le as is con- 
sistent with distinctness, and ready to be engraved. If 
accepted for reading then there will be required w series of 

i ms (which will be returned) sufficiently large and 
boldly coloured, so as to be clearly visible when suspended 
in the theatre of the Institution. 

Papers which have been read at the meetings of other 
societies, or have been published in any form, cannot be 
read at a meeting of the Institution, nor be admitted to 
ae for the premiums. 

The communications must be forwarded to the house of 
the Institution, where any further information may be 


obtained. 
CHARLES Mansy, Honorary Secretary. 
James Forrest, Secretary. 
25, Great George-street, Westminster, London, S.W. 
October, 1877. 
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FOREIGN AND COLONIAL NOTES. 

French Railways.—The development of railways in 
France has been very great during the last 30 years. Thus 
in 1845 France possessed only 544 miles of line; in 1875 

the French railway network grown to 13,492 miles. 
The Coal Production of the World.—The coal produc- 
tion of the world would appear to have increased to a sur- 
rising extent during the thirty years. In 1845, Great 
Britain extracted 31,500,000 tons; in 1874, she raised 
125,043,300 tons. Belgium extracted 4,960,077 tons in 
1845, and 14,669,000 tons in 1874. The production of the 
United States in 18145 was 4,400,000 tons; in 1874, it had 
grown to 42,423,900 tons. France produced 4,141,617 tons 





in 1845, and 16,949,000 tons in 1874. Prussia extracted 
3,500,000 tons in 1845 and 41,754,600 tons in 1874. Finally, 
Austria and Hungary produced 709,706 in 1845 and 
12,810,900 tons in 1874. The combined production of the 
six countries will be seen to have risen from 49,211,400 tons 
in 1845 to 253,650,700 tons in 1874. 


Railways and Telegraphs in China.—It is not so very 
long since a railway six miles long was opened in China, and 
now telegraphs have alsogained anentrance into the Celestial 
Empire, a line six miles in length having been built by the 
viceroy of the province of Chili from his official residence 
to the Pretain arsenal. Previous attempts to introduce 
telegraphs into China have been foiled by the jealousy of 
the populace ; but the line just finished, and having been the 
work ofa native, has been permitted to go into operation. 


Defences of Queensland.—Sir William Jervis and 
Colonel Scratchley have visited Brisbane to report upon 
the harbour defences of Queensland. They have made an 
examination of the coast line of Morton Bay and the 
Brisbane river, and they will probably visit Maryborough 
and Rockhampton for a similar purpose. 


The Yarra.—Several experiments have been made re- 
cently with explosive compounds in the bed of the Yarra, 
Victoria, at the instance of the Melbourne Habour Trust 
Commissioners. Charges of gun-cotton, dynamite, and litho- 
fracteur have been used with various results, but not 
apparently with the advantages anticipated. The majority 
oF the commissioners were present during the experiments, 
which were carried out by Major Couchman, Captain Ellery, 
and the members of a torpedo corps. 


New Zealand Coal.—A vast coal bed, which seems to 
extend from the Buller southward to the Grey, in New 
Zealand, is now being worked to a sufficient extent to 
supply steamers calling at the west coast ports with coal: 
wy have also been m to make the mines available toa 
still greater extent. 


Canadian Pacific Railway.—The first locomotive, plat- 
form cars and rolling stock of the Canadian Pacific Rail- 
way has passed Pembina for Winnipeg. The stock is in- 
tended for construction service on the Pembina branch of 
the Canadian Pacific Railway. Mr. Whitehead, chief 
contractor, accompanied the stock. 


Pittsburgh and, Lake Erie Railroad.—A contract has 
been let for the construction of this line; the line, accord- 
ing to present arrangements, is to be completed in twelve 
months. Thecontract, which includes the building of a 
bridge across the.Ohio some 25 miles below Pittsburgh, 
was let to Mr. McGraw, of Philadelphia. The length of 
pr road is some 70 miles ; the contract price is 1,200,000 

ols. 


Westphalian Coal.—An exhibition of Westphalian coal 
has taken place ra = Hamburg. It succeeded ex- 
tremely well, and there since been au improved demand 
for Westphalian coal at Hamburg both on home and ex- 
port account. 

French Railway Management.—In 1872, 1873, 1874, and 
1875 there was one passenger killed for every 45,258,270 
passengers carried over French railways. The proportion 
of passengers injured was one to every 1,024,360 carried. 
The proportion of passengers killed to the number carried 
over the French railways appears to have been satisfac- 
torily declining of late years, and it was lower in 1875 than 
the corresponding proportion in England. 

American Mechanical Industry.—Two noiseless street 
locomotives have been placed upon the Fort Point branch 
of the Sutter-street (Ban Francisco) Railroad. A new 
bridge over the Connecticut river at Springfield is to be 
built upon the site of an existing ferry. The bridge will be 
an open lattice structure, 1312 ft. long and 20 ft. wide, 
with seven piers; and the estimated cost of the masonry 
superstructure and approaches is 900,000 dols. 


The French Coal Trade.—A decided revival is noticed in 
the coal trade of the Nord and the Pas-de-Calais. Con- 
siderable orders are being given out to meet the require- 
ments of domestic consumption. There is also a pretty 
well-sustained demand on the part of the sugar works, 
which are now in full activity. 

Gas in Paris.—The revenue acquired by the Parisian 
Company for Lighting and Heating by Gas in the first nine 
months of this year amounted to 1,264,8771., Laveteoae, Na 
increase of 55,0371. as compared with the corresponding 
me of 1876. The augmentation will be seen to have 

m at the rate of 4.55 per cent. The increase in Sep- 
tember, as compared with September, 1876, was 28391. 


Northern Pacific Railroad.—The Northern Pacific Rail- 
Company has been carrying out an extension to the 


Pu coalfields. This extension has been constructed 
rincipally out of surplus earnings. Some pr s has 
en made in opening out mines; the coal raised is of ex- 


cellent quality, and it is acknowledged to be superior to any 
other yet opened on the Pacific slope ; it is moreover easily 
worked, and the quantity is abundant. The gross traffic 
receipts of the Northern Pacific Company for the year end- 
ing August 31, 1877, were 965,823 dols., and the working 
expenses were 573,125 dols., so that the net revenue of the 
twelve months was 392,698 dols., showing an increase of 
nearly 25 per cent. as compared with 1875-6. 

Rifles for Mewico.—A letter from Mexico states that the 
Mexican Government has contracted for 200,000 dols. worth 
of Remi m rifles. An additional appropriation of 
300,000 dols. has been made for the construction of a 
Mexican manufactory for breechloading arms. 

A Russian Railway lication.—The great Russian 
Railway Company has just authorised to proceed with 
the issue of a third series of obligations to the amount of 
8,092,000 roubles to provide for the construction of a second 
line between Moscow and Kovrow. 
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METALS 
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ANTIMONY ORE (per ton}— 
UB (STAT) reereereereeree 
~~ ons > )- 


Yellow — eccceescecoeccs 


(per ton)— 
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O)PPER (per so 
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” 2 8 cececersceee 
4 (Forge; 

Other qualities scecreceeees 
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Pacermon Bacuss— 
(per owt.) 
QUICKSILVER (per bottle) 
Sornap (per ton) — 
Old rails for re-manu- 
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9 10 1x 
8 © 9 
+s 5 
° °¢ o 
9 °@ 1 
8 @ 9 
19 (17 20 
20 «10 ar 
19 «123 19 
a2 (8 2a 
§ i 7 
7 68 7 
7 - 5 
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STEEL CASTINGS - Continued 8. 


Side cranks, cross heads, 
crane wheels, engine 
slides, &c...,... 

Tumbler bars and other 
castings for dredging 
purposes 

Swepise [R0n (F.o.b.) at 
Gottenburg — 

PIS 20200002 secccoccersscceneres 

Bar rolled..e.......sessereeeee 
» hammered, 

a on a_i 
raits ... 

Billiton ; 


nag teereeeenssosee 
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TIN PLATES (per box)—- 
COB] crersersecsesee 


LO, — 





Zino (per ton)— 
Sheets, English ........0.+. 
WIBB, Fencing .....erceceee00 
» Telegraph (galvan'sd) 


COALS AND co KE. 


OOALS (per ton a 











CoKkE— 
Cleveland ...rccoreserereseees 
Durham 





OILS, GREASE, & LUGRICATONS 


OILs (per tun) ..., 
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Fine (per pan ove ceecee 
” spirit. 08 00008 008 FOE FER OCe 
— rush ewt)— 








PLomeago (per cwt.)— 
Oeylon lump .,,.,. 
» chips ,, 

” GEE .0ccc0 scocceccoccs 
Railway Grease (per 
CWt.)—ROs0'S ..ccceceeeee 
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concentrated . 


Resin (per cwt.)— 
AMECTICAD ,.,....000receeseeee 
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BHOEP.....0008 
Australian DOCE ...ceccceees 
shee 
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seeeeseecee 
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Sulphuric acid (per Ib.) 
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OCorrpsx — Sulphate (per 
owt. 


Seecnecreneeceeseeseeees 
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TIMBER, DEALS, &c. 



















LONDON. 
ay heen 1 standard) £ s.d. £8. 4. 
Archangel Ist yellow..... 19 9 9 20 9 0 
yy teers 13: 10 08 = 16 0 
Petersburg ecececs.cscercecce 36 © © 58 10 © 
WYDULE noscccsoc-cscccseesssoee 18 9 8 1 9 O 
Petersburg & white 910 0 1010 © 
Obristiana t 
sorts, yell.and white... 13 © © 14 10 © 
Norway deals, other 
80 seecrersecoseeesessceses oo mie; 
N y sorta 6 0 © g10 © 
Sa If © © 17 0 © 
Swedish deals 3rd ......... 13 9 9 1§ 9 0 
Swedish deals, inter or 
ON 4th ..,..ccc0-00..cee0eee 1010 © 12 10 @ 
(Battens 608. jess than 
deals) 
Finland deals ......0080 11 0 © If 9 
” oe e@ 1110 © 
” e 810 0 
~ HL. S. battens... 7% ©@ 8 OO 
AMERICAN DEALS— 
a - 1600 2400 
” owe TO = o 4 7 ° 
ira. 1 ° 9 ° 
Floated pine 40s., 20s., “and 108., less for ist, 
2nd, and 3rd, "respectivel y- 
Oanadian spruce, 1st...... 10 0 O If 10 © 
” ” Ind. 8 OO 9 0 0 
Srd ww 7 0909 8 OO 
New Brunswick spruce.., 800 8100 
_ DAttONS veeeeccceee 7 10 0 80° 
N.8. & P. E. oe 710 0 8 © © 
U.S. pitch pine ..........12 1§ @ 12 10 © 
AMERICAN TIMBER— — (per | load) 
oS Ine (mix and 
socgeteee $88 © § @ @ 
Do. for - ¥ ‘and spars 410 0 § 89 oO 
Yellow pine, large w...0.6. § 0 9 § 10 0 
Ditto waney boa am 40 ¢.§ 29.0 
Ditto small ......00-06 315 0° 400 
— pine...... » eB d.-3m © 
Oak, Quebec.... J -« 6100700 
Do. United Sta’ an $§ 00 §10 0 
Elm, Bock,,...... o 45° § 0 0 
ME atinetieaneateka 310 © 410 0 
Birch, Quebec iarge . om .48 4 £49 0 
Masts, red pine .......... 410 © § 9 © 
» Oregon... 710 © 1010 0 
Kawrie..,. 800 10 0 © 
Indian teak .... scsneaiagecess 88 8 O 8B O O 
British ae green- 
NOTE ..eccorsorsererereree 8 0 O80 G9 09 O 
audtianioniash ane 6 © 7 10 © 
BALTIc TIMBER (per load) 
IF ccccccccccescccccsccerss § 10 © 4 § @ 
Dantzicand Memel crown 40°00 g10 0 
» ist mid om Se €¢ € © 
” - 
and 2nd.....0. §$ 0 0 gf 0 
» common  amid- 
ecccreressceree BIO O § O O 
” om 8 § @ See 6 
oe omell short, and 
irre; ecscceccececccorre 8 3 6 8 7 6 
Stettin ...... . « 215 © g10 0 
Swedish  .......cs-00 210 © 2315 @ 
” scoqecseete © § @ 8 1f © 
» end Norway 
DALES ..s.seccerserererrrseee TIS 09 2 § @ 
FLOORING BoARDSs (per sq. 
of 1 in.)— 
First > ~ ~yannenruene om 6 og 6 
WHIte ..,.0000 ° ° 13 0 
Second qualities ...... 12 


The above prices Wat “ihe Docks. yn 


LIVERPOOL. 


WHOLESALE Prices OF TIMBER, DEALs, &€C. 
From BRITISH NORTH AMBBIOA. 


Pine Timpsr (per cubic 
footstring measure) <£ 
Quebec yellow square ,,, 
‘ ‘aney board ,,. 
St. John’s, N. B., 18 in... 
Miramichi and British 
on RI 
Richibucto ..,. 
Nova Scotia and 

Edward Islan 
Quebec red ..,,..... 
} aay Quebec 


oo 






cece 
kod 


DEALS AND BATTENS (per 
Petersburg standard) 

Quebec yellow pine, Ist.., 
Quebec yellow pine, = 


st. John, "Bangor, &c, 


ether ports ....... q 
PINE... ...ccereeveoeee Ff 
oe BPTUCO  csccececoeee 
Lath per fathom 


CBDR acsidentantsentsccicinee * § 


8. 
1 
t 

2 


a £58, 4. 
4 ear 
zm @ 2 3 
. 2 22 
Se 8.8 < 
» ©6-8.¢ 
2e14s4 
4e1 8 
9 9327 
9 093230 
eeose 
7 e320 
6 0 4 6 
2. oes 
a 
» e383 
@ 2010 © 
eo m10 0 
e gt0 © 
£.2"2 
$0 
suse 
e 610 © 
e@ gt 0 


Frou THs Unrrev States, East AND West 
INDIES, AND AFRICA. 


(Per cubic foot, string 
measure) 
Pitch pine, hewn ws... © 


n BBWDevevsesseem 2 


2 8.4. 


pores 


2 8. 
4 oF 
4 oF 































£a.a £ 8.4 
Pitch pine planks ...0.404 0 23 OO © 6 
po en eee poe elena oo © £0 CC 8 6 
bg load calli or measure) 

East Indian (perld) 10 1§ © tr oo 
Greenheart .......00080008 619 9 7 0 0 
Demerara Morris. $15 2 6 0 © 
Bullet tree (per foot)... © 2 9 © 2 6 

FROM THE BALTIC, &0. 
(Per cb. ft, string measure) 
Fir timber, Riga red...... © 1 3 O 1 6 
Fir timber, Dantzic and 
Memel crown ws... 9 I 7 @ 110 
Ditto, ditto, otherkinds o 1 3 O11 5 
Stettin . 2S &4.9 
Swedish ait @4 3 
NOEWAY wcrorscrccerssscrssenes O OIE O 1 T 
Wainscot (Logs calliper 
measure) 
KC., CTOWDsssrorreese © 6 © © 6 6 
Ditto Drack c.ccccccccsocceee, © 4 9 +8 § 3 
Oak ber, Dantzic 

(string measure) ..... © 2 0 © 2 4 
Pit props per linealyard o o 24 © o 4 
DEALS, &c.— 

(Per Petersburg standard) 
Bedwood, Archangel, and 

Onega, ist ...... 10 0 18 0 © 
Ditto, ditto, 2nd oo 1m 0 oO 
Redwood, Petersburg 1s ist 3 so 10 © 1015 o 

” om4eo°8 

* mele, © 1210 0 

pa ° 100 

pa °o M408 

” 

° 1 © © 
~ © IL 10 © 

” 7 o--O' SS © 

” Ditto white ... 700 #49710 © 
MAHOGANY, &c. (per foot 1 in.) 

City St. Domingo iti—uus 2 @¢ & @ 4 
WDE seccessesseseseseesserseree © © GO GO 0 10 

BADICU ccccccoscecovcceccoscesse © O § CO CO 7 

Uedar, Havana, &€. ......... 09 04 © 0 0 

Sleepers, Hackmatack, each 

9x10x5d eo 9 6--@ 4 
» ee * © 30 © 3 6 
ma Hemlock ,, ©2323 0°26 

a Fr wcccccccccscccccses © § 89 GO 3 O 

HULL, 
(Per load). 
Memel crown firtimber... 4 7 6 © 0 © 
” ” 2nd 310 © gig o 

Riga and Dantzic ist ..... 4 09° 45 0 

o » «—- 2A were § 89 ODO 310 0 
Swedish 210 0 300 

BMA] wrvrrorsrrrrree 2 7 6 210 0 
g timbe I sevcecceeeessenees E17 6 2 0 0 

(Per cubic foot). 

QUebEC CLM .reccrcrccsererrserse © 2 ¢ 8 3 6 

” a o ec 2 ..@ 6.6 

eceee 020 0323 

St. John’s ‘vires coves: o1r8& ©2320 

Pitch pine, hewa . 23-239 

coccssscceee © E § Ot 8 

Per nibenes standard), 

t Arch, and Onegared.,, 19 10 © 20 © o 

» Pet. red3xll&3x9 19 0 0 19 10 © 

2 white ..11 5 © 1210 0 

Wyburg TO. ..cee.ccccseeeserere 14 10 0 15 10 0 
Quebec Ist pine .. oe «33 0 @ 35 0 © 
” 2nd ,, «15 § © 10 0 Oo 

pa - o + 1010 © 11 0 0 
8eoe 810 0 

Gefle entlvtdineinatneh 1610 © 17 9 © 

Baltic 1st red flooring bds. 14 0 o 15 © © 

Ditto white ........ sees IE O O IL 10 0 

Charge for labour 2s. per standard for deals, &c. 

ands. 6d. per load for timber. 
WEST HARTLEPOOL. 

(Per cubic foot ) 
Dantzic good middling fir... o 1 3 0 0 o 
Ditto common middling fir o 1 of o 1 1} 
Sundowall OF ....ccccccoeee O FO O LE 2 
(Per Petersburg standard.) 

Gefle Ist red deals ............16 10 © 17 § 0 
o 24 a oe 1312 6 
» & ” eo ec eo 
» ath sresseceeree 9 10 0 9 0 O 
a unsorted white deals 

cesocccccccccsscccsccccosceces 10 @ ©: 10 3 6 
Tunadal Ist red deals ......15 10 © 16 5 © 

a DAttONS.....0000000008 14 10 0 8 0 O 

» 8rd red deal eo o0o 0 

a DAtteEMS  ..ccceceeeee o 1 7 6 

e 4th red deals . e eco 

> WO sescaiaiesad 810 0 8123 6 

Gottenburg 3rd red battens 10 15 eo oo 8 

Petersburg Ist red deals... 17 0 © 18 5 © 

Quebec Ist pine 3in. x 7in 
and up ssssesecsseserese 2210 0 0 8 O 

Ditto, ditto, 2nd eo eo°0°0 

Ditto, ditto, 8rd ...,,,c0reseeee eo ooo 

Oharge for labour 2s. per standard for deals, &c. 

and Is. 6d. per load for timber. 
WISBEAOH. 

(Per Petersburg standard.) 

Gefle Ist red deals .,.....17 10 © 9 9 0 
o O86. wv emsinn 8§..6°@ 0 @ © 

3rd sonsesees ” me @ @ 

Petersburg 1st red battens $0 eo @ 0 

al Ea alsa ino ints e 

a os = ee Se ee © 

1010 © rm 2 6 

Wyburg 1st red deals eves 14 § @ 1415 O 

” ttens ... 12 2 6 13 § ® 

” and red deals and 
ean m1 6 1200 

um e0oeoe?9 


Wyburg 2nd red boards ... 
Free 


5 
on railway trucks. 
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NOTES ON TORPEDOES.—No. XXIII. 
Harvey’s SEA TORPEDO. 


Capramn Harvey claims as a point of merit for 
his invention that it is the only torpedo extant 
specially designed for the use of seamen. Allowing 
this to be true, too much stress ought not to be put 
upon it, since after all it is not so much simplicity 
as efficiency that constitutes the principal desidera- 





tum in apparatus of thiskind. If two machines were 











FIG.|62. 





designed capable of performing precisely the same 
functions, but one requiring less skill in its manipu- 
lation than the other, preference should, and un- 
doubtedly would, be given to the simpler one; but 
if the more complicated contrivance possessed ad- 
vantages not embodied in the simpler one, opinion 
as to their relative merit would, to say the least, 
be divided, the probability being that the vote of 
favour would be given to the most efficient, what- 
ever the difficulties to be overcome in the way of 
management. That Captain Harvey’s mechanical 
sea torpedo is specially adapted for the use of sea- 
men is perfectly true, but as regards its simplicity 
we are not so sure ; indeed we are inclined to the 
belief that it is an instrument of offensive warfare 
calling for a greater amount of manipulative skill 
than any machine of the kind in present use, that 
is, of course, to say, to use it effectually. 

The principle of Captain Harvey’s torpedo is by 
no means new, having been derived from a wooden 
float called an ‘‘ otter,” a contrivance extensively 
patronised by poachers in Scotland for the purpose 
of conveying their lines out into mid-stream, thereby 
enabling them to dispense with the use of long 
fishing rods, which in addition to being unsuit- 
able for sudden and accelerated transport, would 
in themselves have told tales if observed in the 
custody of unlicensed individuals near forbidden 
streams, 

When Captain Harvey first submitted bis sea 
torpedo—or, as it was then called, * otter” torpedo— 
to the British Government, the committee, as a 
matter of course, declined to have anything at all 
to do with it; and not until after it had been 
adopted by almost every European power were its 
claims to notice as an offensive agent in maritime 
warfare considered by the Admiralty, who finally 
consented to an official trial, which proving 
decidedly successful led to its adoption in our 
Navy. We would not withhold from Captain Harv 
our meed of praise for the tic manner in whic. 
he has * pushed” his invention, and for the ability 
and skill manifested by him in its management and 


ingenuity displayed in its several details, even 





though our opinion as to its possible merits differ 
with his. To us it seems that the only case in which 
it is likely to be used with any degree of success is 
a night attack on a vessel at anchor. By em- 
ploying a fast steam launch of the Thornycroft 
type, and running across the bow or by the quarter 
of the vessel, launching the torpedo between the 
moorings in passing, and leaving the tow-rope slack 
until the launch was a sufficient distance off, so | 





that it could be held fast by means of the brakes 


provided for the purpose, the torpedo may be 
caused to diverge into contact with the vessel 
attacked, and by so doing explode the mine and 
destroy the ship. ' 

Before discussing further the various modes of 
attacking with this torpedo, their possible advantages 
and disadvantages, it will perhaps assist the reader 
if we describe the a tus in detail, its gearing 
and manipulation. In the first place it must be 
understood that there are two kinds of torpedoes 
served out to each vessel, though they differ only as 
regards the position of their respective planes so 
that they may diverge the one to port the other to 
starboard. Each torpedo consists of an external 
case of well-seasoned elm’ about 1} in. in thick- 
ness, screwed together with water-tight packing be- 
tween the joints and bound with iron, the interior 
being usually cemented with an unnecessary quan- 
tity of pitch. Wedo not quite see why so much care 
should be taken to render the outer case impervious 
to moisture, when all that is practically required of 
it is to protect the internal water-tight case for 
containing the explosive from injury; this inner 
case is constructed of stout sheet copper carefully 
soldered at the joints and provided with a cylindrical 
tube running through the centre, into which is fitted 
the exploding bolt and priming charge; it has also 
two circular ports about 3}in.in diameter, one 
on either side of the bolt for charging the torpedo. 
These ports are rendered water-tight by means of 
screw caps forced firmly down on to suitable water- 
tight packing. The priming case is made of stout 
sheet copper, and contains a large bursting charge 
of rifle-grained powder or gun-cotton discs. 

In the centre of the priming chamber or cylinder 
is a brass tube in which the exploding bolt works, 
and at the bottom of this tube is a steel pointed 
anvil which, when the bolt is forced down, pierces 
the capsule and striking the muzzle ignites the 
detonating compound, and through the bursting 
charge the main charge itself. At the side of the 
brass tube, and near the base of the pin, is a small 
hole covered with thin brass foil, which will allow 
of an escape of water into the priming case, should 





any have collected at the bottom of the tube. The 
priming case is charged from the bottom on the 
same principle as the loading ports for the main 
charge ; a powerful box — being employed for 
screwing in the caps. e priming chamber may 
be ch separate from this, if preferred, but this 
precaution is quite unnecessary, unless the explosive 
used be a dangerous one, in which case it would, of 
course, be impossible to be too careful. Whilethe 
torpedo is in store, the steel anvil is puried in grease 
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in order to protect it from corrosion, The torpe- 
does, in order to facilitate their use in every way 


ible, “are made in two sizes, the dimensions 
of the external case being as follows : 


ft. in. 
Length 5 0 
Large torpedo + Breadth 0 
Depth 1 8 
Length |. 3 8 
Small torpedo — oe ie : 
The following is a scale of charges of different 


explosive compounds that according to the state- 
ment of the inventor, Captain: Harvey, the internal 


copper cases are capable of co: jing, providing the 
materials be carefully packed, ated upon the 
basis of the ae of sufficient ty 
to contain 77 lb. of water, and the smaller one 28 lb; 

> Tb. Ib. 

Siitee’s blasting yowder’ Oh. ae 

ze 8 oe 

tton ... 60 2 
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Horsley’s original 72 0s) <8 + 
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Some of the powders named are scarcely suitable 
for submarine mining purposes for reasons that will 
follow in a later article. 

Referring to our illustration, Fig. 161 affords a 

rspective view of the starboard torpedo, which 
Sifters from the port torpedo only, as already ob- 
served, in respect to the position of its inclined plane 
G. Fig. 162 represents a sectional view of the copper 
case for containing the explosive, constructed, as will 
be seen from the position of its inclined plane, to 
suit a port torpedo; A is the copper case, B the 
brass tube or priming chamber into which is 
fitted the exploding bolt, and C C the ports for 
admitting the explosive. Fig. 163 is an enlarged 
view of a starboard torpedo with slings adjusted 
ready for launching, the exploding bolt being shown 
in section; A is the wooden case, B B iron clamps, 
C C eyes for attaching slings, pF esd chamber, 
E exploding bolt, F lanyard o lever, G foretop 
lever, H after lever, II loading ports. . 164 is an 

sectional view of the exploding bolt ; A is 
iming*case made of stout sheet copper for 
the bursting charge, B the brass tube 
exploding bolt works, and OC the steel 
pointed anvil or pin ; this tube contains the detona- 
ting charge, and the tube A the bursting charge, the 
explosion being brought about by the action of the 
external levers appertaining to the torpedo forcing 






down the exploding bolt D, "The exploding composi- 
tion which. the bolt is charged is very power- 
ful, and is only ignited by, the bolt being forced 


down ‘with ‘sufficient forée to drive the anvil or 
steel pin at the bottom of the tube through the 
capsule covering the extremity of the bolt. 

With a view to avoiding accidental explosion, the 
bolt is made to work with a pressure of 40 lb. in the 
large torpedo and from 15 lb. to 20 1b. in the smaller 
one; this is effected by means of the metallic 
capsule with which the bolts are hermetically sealed 
to prevent moisture entering and destroying or de- 
teriorating the composition with which the bolt is 
——- and also by the quantity of thread wound 
round the spindle ; this last, in addition to prevent- 
ing the ingress of water, owing to the great propor- 
tional length of the stuffing box, allows of 
nice adjustment of the bolt to the weight required 
to overcome its resistance. The he bap em- 

loyed for packing purposes is o kind known 
= whity-brown. ae a further precaution, and in 
order to prevent the accidental explosion of a 
torpedo on contact with a friendly ship, a safety 
key is employed, passing horizontally through the 
spindle and resting on the brass muzzle of the 
priming case; this key is secured in its place by 
means of a few strands of whity-brown thread 
through an eye in the key and wound round 
the spindle, a small strong cord known as the safety 
key line serving to remove the safety key on the 
approach of the lo to an enemy’s ship. 
. 165 illustrates the form of brake used for the 
ay oy of controlling the tow-rope ; these brakes, 
or the protection of the men, should, in a properly 
constructed vessel, be placed below the water-line, 
but in ordinary v may be secured to the deck 
by means of bolts or screws, It consists of a reel 
A resting on two standards B B, and provided with 
two drums C C, over which are passed the straps 
D D, one extremity of the straps being secured to 
the levers E E in the manner shown. The surface 
of the dram in connexion with the strap should be 
powdered with resin to increase the friction, and 
the tow-rope so ruled that in veering the reel may 
revolve towards the men at the levers; also, 
several tow-ropes should be coiled on the drum that 
in the event of one being cut away another may be 
readily bent. 

Fig. 166 is a small brake on the same principle, used 
to draw out the safety key when the — is tra- 
velling at a high rate of s ; when the vessel is 
going a slow speed it will not be necessary, as the 
safety key lines may be attended by hand. 

To connect up the torpedc for service a small 

line should be permanently secured to the 
short arm of the lacyard or side lever F, the end 
is then rove under the fair lead J, and up through 
the brass oval hole in the lever G, then down under 
the fair lead J once more, and across to the hand, when 
it is secured with a round turn and two half hitches, 
care being taken that the fair lead and the lanyard 
be set up sufficiently taut to give a slight spring to 
the after top lever. The object in arranging the 
levers in this manner is obviously to insure bither a 
= or side blow forcing down the a bolt, 
which being connected to the after-top lever, which 
in its turn is connected to the fore-top lever, may 


be driven home by either the fore-top, back-top, or 
lanyard lever, It is very important that the “aed 
should be properly adjusted, as the divergence of 
the torpedo ri me # u it. The after legs C* and 
C: of the slings, when stretched out alongside 
the torpedo, should extend one foot in front of the 
stern iron for the large torpedo, and eight inches for 
the small ; the slings or ropes are all brought to one 
junction formed by a bell-mouthed thimble, which, 
when all four ropes are pulled out in the direction 
of the tow-rope should come in a line with the upper 


towing irons, all the ropes bearing an equal strain. 
The slings should be made of the best Italian hemp, 
and of the same strength as the tow-rope, since, 


although the strain while towing may be divided, it 
may on collision be brought all on one. 

The dimensions of the tow-ropes for large and 
small torpedoes may be as follows : 
lonme 8 in. hemp rope, or 1} in. galvanised iron wire rope. 
8 2 in. ” ” 1 in. ” ” 


The buoys marked on the illustration L L are made 


of solid cork dises built up on a 
tube ran longitudinally throng 
cones being used at either end to 





with the 


large are about 
ng by 15 in. square in the : 
buoys are used for each torpedo, ti 


centre. 


being five or six fathoms in Jeng’ 
hemp. “2 PE Wea. Fi 
When the'torpedo is” launched out 
very much of the’pr : 
depends on the“Mmian in’ charge of ‘ a- 


sionally checking it, and not allowing it to 
which it will do if checked too suddeniy. Should it 





very | great 


be n to cut adrift the torpedo in consequence 
of coming suddenly across a friendly vessel, the tow- 
rope should be cut close to the brake, when the 
torpedo will sink owing to the weight of its leaden 
keel. The torpedo may at any moment be made to 
dive by suddenly. slackening tow-rope, and by 
tightening it again bring ittothesurface. Fig. 160 
gives » general illustration of the’ lo in action. 

From what has been said, it will be seen that 
skill and precision is necessary for the manage- 
ment of Harvey’s sea torpedo, and that, although it 
is certainly a ‘ sailor's” it is decidedly not 
asimple torpedo. That Captain Harvey has used it, 
and that, too, successfully in many and varied ex- 

iments, is quite true; but we would like to see 
ny reatiite: of such experiments when intrusted to 
hands less practised in its manipulation, and we are 
inclined to the supposition that in actual warfare 
there would arise contingencies in which Captain 
Harvey’s skill would avail him little. 

And again, there is a possibility of some one of 
the slings or lines fouling the levers when launching, 
or becoming entangled in the screw of the vessel if 
circumstances will not allow of the screw being 
= Also that if the tow-line is checked too 
suddenly when first launched in shallow water, of 
the torpedo striking the bottom and injuring the 
levers, and if the safety key has been removed, ex- 
ploding the charge. 

The circumstance under which the sea torpedo is 


in the case of a night attack on a vessel at anchor, 
when a fast steam launch fitted with a brake and 
the torpedo all ready for letting go, and approaching 
the side of the ship as shown in the di ; when 
at a sufficient distance ahead or astern, as the case 
may he, the tow-rope is held fast, thereby causing 
the torpedo to diverge into contact with the vessel 
attacked, as shown. One of the great demerits of 
this torpedo is that in ordinary tactics the towing 
vessel must not move at too high a rate of speed after 
the torpedo is launched, and as the towing vessel has 
necessarily to pass the vessel on which the attack is 
to be made it is of course exposed to the fire from her 
guns, and should the commander of the threatened 
vessel ct that she has torpedoes in tow, he would, 
it is needless to observe, manceuvre accordingly. 
Harvey's sea torpedo is precisely the same as his 
mechanical torpedo, differing only in respect to its 
firing arrangement, electricity being the agent em- 
ployed. This occasions the necessity of substituting 
an electrical conductor for the safety key line, the use 
of an electrician on board the launch, and the modi- 
fication of the brake drums to allow of their re- 
volving without breaking the electrical circuit. The 
whole scheme seems to us very neat and clever, but 








at the same time we do not quite see what additional 
advantages it has over the mechanical system suffi- 
cient to counterbalance the additional complication 








bind | fast. together. The buoys employed in |~‘hisous shops 





THE PARIS EXHIBITION.—No. VIII. 

In our last issue we published a detailed state- 
ment of the various contracts into which the work 
on the Exhibition buildings had been divided, the 
names of the contractors, and the various amounts. 
We now supplement this with a summary of the 
whole as follows : 





















likely to prove most formidable is, as already stated, | @ 





and cost. 



















SUMMARY. 
CHAMP DE Mars. 
NATURE OF CONTRACT. Amount. Total. 
1, AccEssoRY WORKS. £ £ 
Fencing and barriers... oe e 160 
Earthworks ooo ose ose ooo eee 600 
Offices and medical bureau, Champ de Mars 
and Trocadéro ose eco -se oes 880 
Water-closets for men, Champ de Mars and 
Trocadéro - as eve ove seo 1,400 
3,040 
2. EARTHWORKS AND MASONRY. 
Earthworks and masonry for the Champ de 
: a ma 124,000 
pavilions, iP | wat be 
for Fine balla-| SE 
ats, a 
of stone-| 
whe -y'ge0 1,160 
4,000-- > * 
2,400 fs 
3,800 : : 
- 8,000 ¢ cto 2 
oy ‘his 
x. 
166,760 
Ironwork for Machinery Halls and interior 
lateral gallery (side of the Avenue de la 
pen my ee 
Ironwork for hinery Halls and interior} 
lateral gallery (side of the Avenue de 
Suffren)... +. "oer See 
Ironwork for inne as follows: . 
lst Angle. Betw: uai d’Orsay and 
the Avenue de la. Bourdonnaye ... ...| 53,200 
2nd Angie. : Avenues de! 
Suffren and de sds «=| 53,200 
3rd Angle. Between the Avenues de la 
Bo ye and de la Motte Picquet ..| 53,200 
4th Angle. Between the Avenues de Suffren 
and the Quai d’Orsay om eco «.| 53,200 
Ironwork for Grand Vestibule (side of the 
Ecole Militaire) oes = ose «| ” 58,000 
Ironwork for Grand Vestibule (side of 
Seine)... ose ose vee dies) ebay 000°! 
. for Fine Art Galleries;Qhamp. de} 255. | 
. —— adel ; 
Ironwork for Machinery Auzifiexe, Avenue 
de la Bourdonnaye ,,, ons one «| 12,000 
Supplementary contracts for ironwork for 
Machinery Halls and exterior galleries: 
1. Avenue de la Bourdonnaye side 880 
2. Avenue de Suffren side .., aie one 880 
Supplementary contracts for fronwork of 
vestibules : 
1, Vestibule; opposite to the Seine... ode 1,680 
2, Vestibule, opposite to the Ecole Militaire 2,000 
4. Fioors AND ROorFine. er 
Furnishing and fixing gutters for interior 
re ee ee ae ae 
Roofing main building in galvanised iron 
tiles os ove oss one des eos 9,200 
for inner galleries: 
Ast Jot, Side of the Avenue dela Bourdon- 
maye ... oes eco oes coe «| 12,800 
2nd lot. Side of the Avenue de Suffren ...| 12,800 
Furnishing and erectirig gutters for side 
galleries ... ove oss eee ose oes 4,800 
Ast lot. Side of the Avenue de la Bour- 
donnaye nae a yam ove | 12,000 
2nd lot. Side of the Avenue de Suffren.,.} 11,200 
Covering: 
Ist lot. Avenue de la Bourdonnay: 24,000 
2nd lot. Avenue de Suffren ooo 22,000 
Furnishing and erecting two rows of gutters 
for passages al the uncovered ries 2,000 
Woodwork and roo; g 
Ist lot. Avenue dela Bourdonnaye 17,000 
2ndlot. Avenue de Suffren.., ate «| 16,000 
Cast-iron gutters for grand vestibules and 
ic. weed oy of 49 ft. agen 2 ete 1,800 
inc répo' gutter or grand 
vestibules cco eno || ED 
156,480 
5, PLANTATIONS AND PARKS. 
Vegetable earth .., 4,000 
Vegetable earth .., 480 
Sandand flint . 2,800 
Plantations 6 le Ve -| 2,400 
) cee lt Ee ae a” ee ee 1,800 
Four vehicles for parks: Ist lot. Champ 
= a” it coe ese a 
Tarf for and garden ae 
ars 12,376 
841,296 











Before proceeding to a detailed technical descrip- 
tion of the works, we may glance generally at the 
condition they are in at present. 

1. The Champ de Mars.—The mild winter of 1876 
was very favourable to the rapid construction of earth- 
works and masonry, which were here the most impor- 
tant parts of the undertaking. The contractors are two 
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ANNEXES. 
NATURE OF CONTRACT. Amount. | Total. 
1. PONT D'JENA AND QUAYS. £ £ 
Widening the Pont d'Jena and ironwork of 
the bridge over the cutting in the right 
bank... ate oe ons one +} 10,400 
Quay work (left bank, cutting, and slopes)...| 17,200 
Cutting in the Quai de Billy and masonry of 
the bridge over this cutting... ooo | 12,000 
Driving piles on left side oe «ss tne 1,800 
Ironwork of annexes, Quai de Billy ... “oe 6,800 
j 48,200 
2. MACHINES, 
Supplying motive power in the French 
tion : 
Sections 1 and 2 1,720 
? 3 ” 1,400 
» 5,6, 5 7 1,360 
” 8 ° ooo ots eee 1,280 
hi: OF a “s ne oo 1,400 
Structures for carrying shafting in Ma- 
chinery Hall ... on - ese «| 15,200 
Driving machines in the Machinery Hall, 
French Section: 
1, Engine and shafting, Section III. eee 80 
2. Shafting for Section II. ... ons ooo 80 
3. Engine and shafting for Section V._ ... 80 
4, ” ” oo =, wwe 80 
5. Engine for Section VI. ... coe sad 80 
6. Three lines of shafting for Sections L., 
VE., and XI. ct ers Rr aates 240 
7, Engine and two lines of shafting for 
Sections IV. and VIII. ... oss vee 160 
8. Engine and shafting for Section VI. ... 80 
9. ” ” ” ee 80 
10, ” ” ” rx. ooo 80 
ll. ” ” ” ) 80 
12. * ” ” Eh, se 80 
13. ” ” ” X. .. 80 
14, ” ” ” ms is 80 
15. - ” ” je 80 
16. Line of shafting for Section VII. on 80 
17. Engine ” ” Vil, eee 80 
% « ” 9 Vil. os 80 
19. Engine and shafting for Section IV. .. 80 
Boiler-house and chimneys for English 
Section and chimneys for American and 
Swedish sections aS ies ag ald 840 
Chimneys for Belgian, Austrian, and Hun- 
garian boiler-houses .., 09... 0 sss aes 440 
25,400 
3. WATER AND Gas. 
co water service .., eee eee «| 40,000 
Fire ove eo eee eee tee one 92 
— 40,092 
4, RAILWAYS. 
Laying and ballasting lines .,, oe ove 4,000 
Depositing material for lines .., ooo eee 2,000 
—_—- 6,000 
5, OFFICES AND BUILDINGS. 
International Jury Pavilion ... aie oad 8,000 
8,000 
6, ALGERIAN PALACE, 
Construction of Algerian Palace... eos 6,200 . 
200 
, 
7. VILLE DE PARIS BUILDINGS. 
1. Foundations .., we ei a 1,400 
2. Ironwork os gee coo ove sano» 27,200 
18,600 
152,492 











months in advance of the expected time, and to-day 
the actual work of construction is extremely forward, 
Most of the ironwork is completed and erected, the 
vestibules, machinery halls, industrial buildings, 
&c., being finished, roofed in, and floored. The 
framework of the four corner domes is in place, 
but a gap remains in the centre of the vestibule 
facing the Seine, where the great central dome will 
come. Special activity will have to be concentrated 
on this portion, to have it completed in time. The 
four towers which apparently support the domes, 
but which in reality only enclose the iron standards 
on which they rest, are nearly finished, A notice- 
able feature in these towers is the absence of 
cornices at the top; the place of them is to 
be supplied by shields and other decorations in 
embossed zinc, The ornamented sashes enclosing 
the sides of the vestibules are in place, and are 
partly glazed. Inside, a part of the light iron 
raming, which will hide the structure of the roof, 
and support the ceiling, is up, and the ceiling 
itself is being made in panels. 

The Machinery Halls may be regarded as practi- 
cally finished. In the French hall the longitudinal 
trough for carrying the steam pipes, and the cast- 


iron structure for the transmission, are proceeding. 


simultaneously and rapidly, and the final colouring 
of the walls and ironwork is about to be commenced. 
In the French portion of the industrial buildings, 
the exhibitors are busily engaged in dividing off the 
Space according to regulation, and constructing 
frames to stretch canvas across the building at the 
level of the roof ties. This appears to be a very 
unfortunate proceeding, as the effect otherwise in- 
separable from this splendid gallery will be utterly 
lost. The picture galleries approach completion, 
but they offer exteriorly no agreeable archi 

feature, while within we fear it will be found that 



































TROCADERO. 
NATURE OF CONTRACT. Amount. | Total. 
1, PRELIMINARY WORK. £ £ 
Fence eee coe eee oes ese eee 80 
Preparatory work see eee oe eee 2,400 
2,480 
2. FOUNDATIONS. 
Foundation and b tfor central portion} 13,200 
re Er 
” ” wing ... 
Filling up quarries: : 
ist lot. Central part and portion near 
right wing ... eee one one ++} 20,000 
2nd lot. Part east of right wing ... wail 3,200 
Foundation of left wing and retaining wall 
opposite Rue Franklin a 1,400 
Foundation of left wing, and supporting 
arches for lower floor of pavilion ... eee 1,400 
Foundation of inner column and ventilating} 
conduits for Grand Salle... ove eo 2,400 
65, 200 
3. MASONRY AND DECORATIONS. 
Facade works, right wing ove eee s| 20,000 
* left wing eee ove «| 20,000 
ne central portion eee +} 80,000 
Stonemasons’ ateliers .., ose ooo oe 256 
Mosaic work - eee ose “6 cee 3,600 
Suppl tary tract for the central 
portion of facade - eco eo ons 1,600 
Cement paving ... oon ose one eos 1,600 
Waterproofing materials ove eee ons 240 
127,296 
4, IRONWORK. 
Ironwork for roof... see eas one oes! 7000 
Roof of Grand Hall, and miscellaneous iron- 
work for central portion and wings .,.| 22,400 
| 29,400 
5. FLOORING AND ROOFING. 
Flooring for first story and roof panels for 
intermediate pavilions én eee ove 4200 
General roofing of building... ese = tees} = 14,800 
Enameiled tiles for covering porticos of 
. Saar eee ooo tee 3600 
Glazingin roofs .., 1. ses ave eo 1800 
24,400 
6. PLANTATIONS AND PARKS. 
Plantations Se eo site oe 1,600 
Grand Oascade ... oes oe ove eo] 24,800 
Four vehicles for the gardens: 
2nd lot. Trocadéro .. + wk eee . 96 
Earthwork for Aquarium) pm ool eee 2,000 
Roads, sewers, and earthwork for the Troca- 
déro Park a oh. eer eee th oon ne 
Rock work, &c., eee eco vee 800 
44,496 
7. INTERNAL Fittings. 
Windowsand screens .., ose ose o0e 60,54 
Organ in the Salledes Fétes .., ..., eee 1,800 
7,854 
301,126 











the halls set apart for water colours will be too 
small, too high, and very ill lighted. It is easy 
of course to criticise unfinished effects, but we 
think it will be found that the vestibules of these 
picture galleries are disproportionately lofty. The 
three domes crowning each vestibule are of brick, 
and are beautiful specimens of workmanship. The 
central space to be occupied by the building of the 
Ville de Paris, is only now being broken up, and 
the foundations got in, but with the experience of 
the rapid progress that has been made during the 
last three months, there is no doubt, unless the 
winter should prove very rigorous, that the 
structure, elaborate as is the design, will be finished 
in ample time. As regards the whole of the main 
buildings of the Champ de Mars, with the excep- 
tion of the central dome before mentioned, what 
remains to be done is rather completion than con- 
struction, and it may be said confidently that no 
previous exhibition has been in so advanced a stage 
six months before the date of opening. 

2. The Trocadéro.—The works on the right bank, 
the increased work of foundation, and the modifica- 
tions introduced in the original scheme have caused a 
serious increase on the original estimate. It became 
ser mug to make an arrangement with the Ville de 
Paris. A first convention between the State and the 
City had fixed at 240,000/. the contribution to be paid 
by the latter towards the Exhibition. By virtue of 
a second convention the City, proprietor of the land 
on which the Palace is built, reserved the right. to 
restore the original condition of the ground, if at 
the conclusion of the Exhibitien it did not decide 
to purchase the building of the Trocadéro, After 
new negotiations, delayed for the time by the dis- 
covery of the difficulties in the foundations, it was 
decided that the Trocadéro Palace should be perma- 
nent, and that the City of Paris should become the 
proprietors by paying an additional sum of 120,000/. 
On the 29th of June last a new arrangement was 
made between the two parties, adjusting several 
points which had remained unsettled, It was found 
that the various buildings at the disposal of the State 


tectural | for the Exhibition were insufficient on account of 


the large demands for space from exhibitors, French 


and foreign, and the State requested the Ville de 
Paris to place at its disposition, for the erection of 
annexes, that part of the Quai d’Orsay lying between 
the Champ de Mars and the Pont d’Jena, The 
Commissioner-General of the Exhibition found 
it necessary to withhold from the City the space 
originally allotted to it in the south-west corner 
of the Champ de Mars building, and in exchan 
an open space was offered in the central part of the 
Palace, on which to erect a special building devoted 
to the exhibits of the Ville de Paris. It was then 
decided by mutual agreement that the City autho- 
rised the gratuitous occupation of the Quai d’Orsay 
space, for the annexes, and besides that the buil 
specially designed to receive the special exhibits 
the City should be erected at the cost of the State, 
and in the centre of the Champ de Mars buildings as 
indicated. This building is being executed entirely 
in accordance with the plans and specifications pre- 
— by the Direction of Public Works of Paris, 

he City of Paris is pledged to contribute to the 
expense of the construction of the said building if it 
exceeds the sum of 8000/., with the express stipula- 
tion that the materials of all kinds entering into its 
construction will at the end of the Exhibition become 
its property. It will beseen by the list of contracts 
concluded that the sum of 8000/. has been considered 
insufficient, and that the proposed outlay has risen to 
18,600/., of which 1400/. were for the foundations, 
mney to the condition of the Trocadéro works. 
To-day all the masonry of the grand hall, the towers, 
and the wings are finished. The flooring and iron- 
work are being rapidly pushed forward, and the in- 
terior arrangements, as well as the outside decoration, 
are being proceeded with, As this building advances 
towards completion, the beauty of its design becomes 
more manifest, and its nga to remain a lasting 
and prominent monument, ne feature alone 
appears likely to mar its general appearance: the 
pa around the upper portion of the central 

uilding of a row of heavy pilasters, supporting 
nothing, but appearing to have a crushing Rect on. 
the lighter columns below. It would be however 
unfair to criticise an unfinished building ; the treat- 
ment of the roof and cornices may modify or remove 
this effect, 

3. The Parks and Gardens—On the Champ de 
Mars the utmost is being made of the limited area 
not occupied by annexes, pavilions, &c, In front of 
the Grand Vestibule facing the Seine two pieces of 
ornamental water are planned, connected with 
grottos built with fictitious stalactites, and sur- 
rounded with high and tortuous earthworks, already 
turfed and laid out with beds for flowers. An 
Aveling and Porter road roller is making the roads 
which skirt the Exhibition. Paths are laid out as 
well as parterres, both in the Champ de Mars and 
the Trocadéro, and these are largely furnished 
with the vegetable earth required, while many trees 
are already planted. The cascade running from the 
Central Hall to the lower levels of the ‘Trocadéro 
— and which will form a very important 

eature, is well advanced, As will be recollected, 
this cascade will spring from the level of the lower 
gallery of the Trocadéro Palace, and falling over a 
group of arches arranged for that purpose, will 
escend in a series of cascades into a large basin 
situated about the middle of the grounds. Thence 
it will be suitably distributed into other basins. 
The water for this cascade will be obtained from the 
Seine, from which it will be pumped by special 
engines, the houses for which are now being 
built outside the Quai de Billy, and nearly 
on the water level. These pumps will deliver into the 
large reservoir at Passy, which will be lent by the 
City during the time of the Exhibition, From this 
reservoir it will be brought to the ‘[rocadéro, The 
municipality will supply about one-fourth of the 
total supply, and this will be delivered into the 
central basin before mentioned, The total supply 
required for the Champ de Mars will be 80,000 
cubic metres per day, and the whole of this will 
delivered from the Trocadéro, mains being laid from 
the Champ de Mars across the Pont d’Jena, and to 
the central basin. The difference in level will 
secure sufficient head for the general service, but a 
special nigh pressure service will also be laid down 
over the buildings. The Aquarium will also form an 
interesting feature in the éro grounds. Itis 
being in rustic masonry below the level of the 
ground, but pierced with frequent openings, so as 
to insure a sufficient lighting. The top of the 
Aquarium will be laid out in flower beds, and light 
communication bridges will span the openings left. 








4. Annexes.—We have already (see ENGINEERING 
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PLAN OF THE CRESCENT STEEL WORKS AND CONVERTING FURNACES, PITTSBURGH. 
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for 28th of September last) referred to the alte- | 
ration of the Pont d’Jena. It was at first con- 
templated to cover this bridge, but the idea was 

abandoned. But the execution of the cutting to 

divert the traffic on the Quai de Billy involved 

a raising of the road from 5 ft. to 6 ft.; it was | 
seen that it would be easy to widen the bridge 
without affecting the mode of construction. For 
this purpose pre. Ba carried on sast-iron columns, 

resting on the present roadway, will be established | 
above the parapet, the width of which it will exceed 

by about 20 ft. on each side, The width of the | 
bridge will thus be increased from 46 ft. to about 85 ft. 
The new level of the bridge being thus raised above 
that of the quays, approaches across the latter, con- 
necting the Pont d’ Jena with the two bridges thrown | 
across the sunken ways, will be made with slopes 
on each side running into the natural level of the 
quays. But it must be remembered that these 
latter will cease to be roadways, and will be con- 
verted into ornamental grounds, or serve as | 





(Por Description, see opposite Page.) 


Fig. 1. 





AMacias 
Shop 




















ea , 
~~ fe 0 10 60 ve tae fect 





KS 


AVQAQNH 


78. 
t/t, 


PLIIALIIEL SERIE 
ZZ, 
| Bia 


> 


7 


ee MMII EL pag yp > 
1p 


Wy 
4 


Wlbitsb, 


N Ye 
TENS 

“hs 
the site of various annexes. A number of these 
latter on both sides of the Seine are partially 
completed. Among the most important of them 
are the chimneys and boiler houses, Of the former 


nearly all are complete, and they are with one 
or two exceptions, not only much ornamented, 


but highly successful examples of design. The 


British boiler - house is practically complete, 
but none of the cthers are yet advanced. The 
British annexes for agricultural machinery are also 
nearly complete. They are two in number, and lie 
along the boundary of the Champ de Mars by the 
Avenue de Suffren. The longer and narrower of 
these two buildings is in one span with a pitched 
roof, the other is in three covered with a 
curved roof. Both structures are of timber, and 


| while they have no pretension to ornament are well 


adapted for the purpose of exhibition. On the side 
of the Avenue de la Bourdonnaye, two extensive 
buildings have been erected to contain the bureaux 


| all, or nearly all, of the official business connected 
| with the Exhibition will be transacted here, 
| the Seine the firm of Creusét are erecting a wooden 
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pavilion for their exhibits, and close by is an iron 
pavilion to contain the display of building materials, 
iron, stone, brick, terra-cotta, tiles, &c, One or 
two other annexes are beginning to show upon the 
Champ de Mars, but by far the larger part have yet 
to be begun. They will have to be run up very 
rapidly, and will doubtless all be ready to receive their 
contents at the prescribed date. On the side of the 
Trocadéro, only one structure stands in the grounds 
nearly completed. This is the Persian pavilion, a 
large and costly building, constructed by native 
workmen under the charge of a native architect. 
It occupies the centre of the space allotted to it, and 
which will be laid out as a garden. Similar spaces, to 
be treated in the same way, are given to Turkey, 
Egypt, Morocco, Algeria, &c. A large and elaborate 

e will adorn the space belonging to the latter. 

e foundations are completed, as well as some of 
the superstructure. The leading feature of this 
palace will be a central quadrangle, enclosed on all 
sides by a covered court. The decorations, both inside 
and out, are strictly characteristic, and the coloured 
tiles, which will be used freely in the structure, are 
fac-similes of originals of a very early date. Near 
to this palace a pavilion is in progress, to contain or 
be composed of specimens of every different class 
of timber grown in France or her colonies, 

In a previous article we have referred toa striking 
feature of the Exhibition. This was the great archi- 
tectural exhibit, to extend along the whole length 
of the building on both the French and forei 
sides facing the Fine Art Galleries, and fronting the 
open space lying between these and the adjacent 
industrial halls. On the French side this extended 
row of facades was to be composed of examples of 
French domestic architecture, commencing with that 
of the 13th century and extending to that of to-day. 
On the foreign’side each nation exhibiting would fill 
the frontage awarded to it with such facades as it 
desired. If this scheme had been entirely carried 
out, it would have formed a most novel and interest- 
ing feature. Unfortunately, so far as the French 
side is concerned, the idea is abandoned. In the 
foreign section, however, the facades are beginning 
to appear, and doubtless the effect will leave little 
to be desired. England will contribute five buildings, 
each of different design, and one of which will form 





of the post-office, telegraph service, police, &c., in fact 
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a suite of apartments for the Prince of Wales, This 
suite will be decorated and furnished in a very 
costly manner, and the whole will form an exhibit 
of considerable interest. Belgium is preparing a 
facade of a very elaborate character, but no signs 
of it have yet appeared on the ground, That of 
Italy is rising on its foundation, but excepting one 
of the English houses nearly finished, no indication 
can be obtained of the finished appearance of this 
International Avenue, 

5. Machinery. The special department looking 
after this section, arranged the contracts for fur- 
nishing steam to the various motors. In the list 
already given, under the head of “Annexes,” we 
have mentioned the different sums devoted to these 
different purposes, and we shall have occasion 
to refer to them more in detail when we come to 
describe the several parts of the great structure. 
There remain also to be considered the great 
annexes, which will occupy the spaces outside the 
principal buildings, the gas and water services, rail- 
ways, &c, These will all be referred to when they 
shall be in a better state of advancement. . 

The sanitary condition of the workshop has, up 
to the present, been excellent, the hygienic measures 
taken since the commencement having — 
most satisfactory effects. According to the report 
issued in April last, the medical staff had given 5077 
consultations; the number of injuries of all kinds from 
the beginning of the work had been 1096, and the 
cases of sickness 742. Only one man had died 
from the effect of injuries. It is to be remarked 
also that there has been no difficulty with the work- 
men, and no indications of a strike or other dis- 
affection. 

The medical arrangements call for a brief notice. 
There has been established on the works at the 
Champ de Mars, as well as on the Trocadéro, a 
medical station for the benefit of} the workmen, and 
furnished with drugs, instruments, and all other 
necessary appliances to aid sick or injured men. 
The service is conducted under the orders of the 
Director of Works, by a doctor-in-chief, two staff 





ort 


doctors, and two infirmarians, nominated by the 
Commissioner.General, Workmen injured or taken 
ill in course of work, receive the best care at once, 
are attended to gratuitously, either in the hospital 
or at home, as the doctor may decide. During the 
man’s enforced absence from the works, a period fixed 
by the doctor's certificate, they are placed upon half 
the pay they were earning at the time of the accident. 
This payment, however, is withheld if the man is 
taken to the hospital, unless he is married. If, un- 
fortunately, the accident is of so serious a nature to 
prevent him returning at all to work, a bonus is 
made, amounting to one half of a year’s pay. 
In the event of a married workman, or one having 
charge of a family, being killed, or of his dying 
from injuries or sickness resulting from the work, 
his widow or family receives an indemnity of 24/. 
The amount of assistance rendered, however, can 
be increased by the special decision of the Minister 
of Agriculture and Commerce, according to the 

itions and needs of the victims and their 
amilies. Workmen injured under the influence of 
liquor receive only attendance and medicine. The 
sani condition of the works is carefully watched 
by the medical staff. 


AMERICAN IRON AND STEEL WORKS.* 
By A. L, Hottey and Lenox Smiru. 
No. XII.—Tue Crescent Stee Works or Messrs, 
MILLER METCALF AND PARKIN. 

Tue Crescent Steel Works at Pittsburgh are 
celebrated for their production of very fine qualities 
of crucible steel, and for ial steels adapted to 
difficult and hard service. is was illustrated by 
their rather remarkable display at Philadelphia, 
which will be further referred to in this article. The 


i uent re- 
various 











* In the course of this series of articles, 
ference will necessarily be made to the exhi 
steel manufacturers in the United States, at the late 
Centennial Exhibition, some of which exhibits were not 
noticed in the brief review of American Iron and Steel Ex- 
— at Philadelphia which has already appeared in our 
columns. 























members of the firm are all engineers, and two of 
them are specialists in the fine steel manufacture. 

The works were built in 1865, and at first con- 
sisted of twelve melting holes and three hammers. 
A ground plan of the works is shown on the opposite 

e, by Fig. 1. The boiler system consists of twelve 
ilers 26 ft. long by 42 in. in diameter, with two flues 
15 in, in diameter, The boilers are arranged in two 
batteries of three and three batteries of two, Four of 
these batteries supply steam for the entire works and 
a'spring factory, not shown in the plan, thus allowing 
one battery to be always in mag of cleaning and 
repair. Should any accident happen to two batteries 
at the same time the tubular boiler in the 9 in. mill is 
used until the damage is repaired. This surplus of 
boiler capacity is economical in that there is no 
“ boiler day” at these works. The water tanks are 
in an enclosed iron building over the gas producers 
next to the pump house, and consist of four filtering 
tanks containing coarse gravel, and one large 
settling tank. The freezing of the water evenin the 
severest weather is prevented by the heat from the 
producers, 

The underground gas flue is connected by a 
damper and flue with the large stack belonging to 
furnaces No. 5 and No. 6. The soot in the stack is 
burned out once a week, and the flue is entered for 
cleaning pur once a year only. 

The proprietors of these works were the first in 
the United States to adopt the Siemens system 
exclusively for melting and heating, and were also 
the first to raise the melting furnaces 2 ft. above the 
level of the moulding floors, so as to form a con- 
tinuous bench along the furnace against which the _ 
ingot moulds may be rested, thus doing away with 
the old system of usivg teeming holes, which was 
laborious, inconvenient, and expensive, inasmuch as 
it required the services of one more extra man in 
each melter’s crew. 

The Swindell gas converting furnace, shown in 
detail by Figs. 2, 3, and 4, although hardly as 
economical a type for heating purposes as the 
Siemens furnace, commends itself on account of its 
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small first cost. It is proposed to erect additional 
ges producers on the river, and to utilise asa gas 

ue the old ash tunnel; the other converting fur- 
naces will then be altered to this system of gas 
burning, which has proved uniform and convenient 
in its working. 

The roll trains with continuous bedplates (Fig. 5) 
having a fall in the bottom of the latter of 1} in. to 
allow water to run off, combine the two-fold 
advantage of rigidity and a dry floor for the men to 
work upon, and the foundations are also kept dry 
and solid by this construction. This arrangement 
is also cheaper than separate bedplates set in 
stone. 

The form of loose hammer head and tup, shown 
by Fig. 6, allows a spare rod to be peal put in 
whenever a rod breaks. It is a rare exception to 
have a hammer idle more than two or three hours 
by reason of a broken rod. The old rod is a good 
steel billet, and may always be worked up into 
another form. 

The exhibit of Messrs. Miller Metcalf and Parkin, 
at Philadelphia, consisted of an extensive display, 
chiefly of finished articles showing the quality and 
variety of application of the steel, more especially 
to purposes involving great stress, such as special 
edge tools. This display was surrounded by a 

ing of over 70 ft. of lap-welded tubing, which 
was turned and polished without revealing any im- 
perfections. ‘The exhibit was somewhat unique and 
very attractive to experts, as being composed, not 
so much of specimens ae gee distorted to show 
quality, but of tools and implements which had 
stood remarkable service in regular work. Among 
such specimens there were, first, some 200 lb. taps, 
yet in good condition, which had tapped 120 hard 
steel nuts and 48 iron nuts 12} in. long, besides 
56 iron and steel nuts 9 in. long for the St. Louis 
bridge ; second, some large and small milling cutters 
from the National Tube Works, which were in good 
condition after such work as this, for instance, 
cutting ten 1] in. and one 8 in, taps; third, drop 
dies which had formed above 30,000 difficult shapes, 
and were not destroyed for work ; fourth, an enve- 
lope cutting die which had cut over 50,000,000 
envelopes and was ‘‘not half used up”; fifth, an 
envelope cutting die, which had cut 255,000 en- 
velopes per day for three years ; beside oil well toois, 
cartridge punching dies, and other tools which had 
endured equally remarkable stresses. There were 
also many bars and sheets showing very good 
rolling, and fractured bars showing every variety 
of — and high re. 

‘The works of Messrs, Miller Metcalf and Parkin, 
although not very large, and their manufactures, 
which cover the whole range of fine steels, must be 
considered as a very itable specimen of the 
development of this industry in the United States, 





ACHARD’S ELECTRIC BRAKE. 

Aurnoven the electric brake known in France by the 
name of its inventor, M. Achard, has been more or less 
under public notice for many years, it is only latterly 
that it a been develo into anything like a practical 
form, and has met with some approval at the hands of 
French railway companies. In fact, during the last 
eighteen nentnstelinennhe with the brake has been 
running regularly between Paris and Creil and Paris 
and Abancourt on the Northern Railroad of France. 

The illustration on the preceding page represents the 
brake as applied to a locomotive and a tender. Normally, 
the cylindrical electro-magnet, employed ought to be 
concentric with the axle and move with it ; the armature 
would form the sides of a sleeve also mounted on the 
axle, but loose, so that it does not revolve with the wheels ; 
a chain forming the transmission to the brake is rolled on 
the surface of the sleeve, and produces a braking effect, 
proportional to the advance of the train. This arrange- 
ment, however, required modification on account of the 
speed given to the parts if they are mounted direct on 
the axle. The principle, however, has been preserved by 
employing a shaft parallel to the axle, and which is geared 
up to this latter by the friction of a disc kept in place by 
a spring. The velocity is thus reduced, and the duration 
of the various parts increased, while the working of the 
brake is assured. It is obvious that this mechanism may 
be easily adapted to all types of carriages. In éach of 
the brakes represented in the engraving the following 
parts are combined. The axle driving by friction the dice 
mounted on the adjacent shaft; a spring keeping the 
disc in contact with the axle; an electro- magnet 
mounted on the shaft el to the axle, and caused to 
revolve ; two sleeves loose on the shaft parallel to the 
axle; these sleeves are terminated by two discs in soft 
iron, forming armatures, and of a diameter equal to that 
of the electro-magnet; the chain which actuates the 
brake by rolling around the sleeves when these latter 
become connected to the magnet by the action of the 


| tions. There were three 





current. This chain passes over a pulley attached 
to the frame and th over ther pulley at the end 
of a lever which is attached to the brake. The electric 
portion of thé apparatus comprises batteries and con- 
ductors. Two insulated cables are placed below the 
frames of the carriages, one on the right the other on the 
left along the train. The connexions between the vehicles 
consist of two uninterrupted metallic conductors. A 
complete electric circuit is thus obtained, by which the 
current is distributed throughout the train. Under each 
vehicle two secondary wires branch from the principal 
cables, one to the right the other to the left. Thus two 
branches, suitably insulated, conduct the current desired 
from the circular electro-magnet, the principal organ of 
the brake. In the front and in the rear van is placed 
an accumulating Planté’s battery, composed of four 
secondary elements of 4 in. diameter. These batteries 
remain constantly charged, and they are sufficiently 
powerful to stop promptly a train composed of 
fourteen vehicles including the engine and tender. In 
the front van above the battery is placed a commutator ; a 
horizontal frame sliding in the roof of the vehicle allows 
the guard, by a lateral movement, to throw the metallic 
connexion on the springs of the commutator ; he also puts 
in communication the positive pole of the battery with 
the right-hand cable, and the negative pole with the left- 
hand cable; this is the only movement required to 
put on the brakes. A similar frame, mounted like the 
other, serves to release it. Equally the brake can be 
put in operation by the driver, a cord being attached to 
each end of the frame and led to the footplate, so that by 
pulling one or other of these cords the brake is thrown on 
or off; the train is, therefore, under the control of the 
driver, and of the front and rear guards. 

After a variety of experiments with different electro- 
magnets, M. Achard found that form designed by M. 
Nicklés, and indicated in the engraving, to be the best. 
In this magnet there are two tubes of soft iron, one 
placed concentrically within the other, the interval being 
filled with wires covered with silk, and through which the 
current passes. If an iron armature connecting the two 
cylindrical tubes is applied, a second pole is found on 
the outer periphery, and the field of magnetic attraction 
is largely increased. The great advantage of this annular 
arrangement is that the attraction is exerted, as it were, at 
the end of a long lever, which produces the best effect. 
Moreover, the employment of tubes insures a maximum 
of power, with a minimum of mass. M. Achard’s 
magnets support about 1760 lb., with a current from a 
Leclanché battery ot three or four elements. 

Such is the arrangement of the electric brake at present 
working, a very different apparatus to that some time 
ago presented by the same inventor, who has devoted 
himself successfully to reducing the once complicated 
mechanism to the simplest form compatible with the 
principle of the brake. Capable of being applied to all 
the vehicles of a train, it forms essentially a continuous 
brake, and is undoubtedly prompt in its action, and costs 
little or nothing for its maintenance. In the event more- 
over of a break-away, the forward part of the train can 
be stopped by the driver, and the rear part by the guard 
in the end van. As we have already said a train fitted 
with this brake has been running regularly for 18 months 
on the Northern Railway, and making on an average about 
180 miles daily, and during this time it appears to have 
given every satisfaction to the engineers on the line. In 
concluding this notice, we think it will be interesting to 
give the views of a well-known French engineer on con- 
tinuous brakes. The observations are taken from a report 
of M. Marcel Deprez. “ The utility of continuous brakes 
lies less, as is generally believed, in insuring a diminution 
in the chances of collision than in the reduction of 
the time employed in traversing the distance between 
two stopping places. The perfection to which thk~ 
system of signals, and the general train service has 
been developed, are the best guarantees against accidents. 
On the contrary, any improvement which has for its 
object the increase of the useful speed of trains, should 
commend itself to the attention of the engineers of rail- 
way companies. Itis in this direction that powerful 
brakes, and especially that of M. Achard, are of importance. 
It is evident that if by means of a prompt action of the 
brake, and by a greater intensity of stopping power, the 
full speed of the train may be maintained for a longer 
period, a saving in time is effected. A minute thus 
gained may represent a kilometre travelled by the fast 
trains. In omnibus trains, having frequent stops, the 
smallest gain of time is of importance.” In this country 
a melancholy experience has taught us that, contrary to 
the above deductions, the great advantage of an efficient 
continuous brake is to prevent accidents, and not to save 
time. 


A Japaness Exuisition.—An industrial exhibition was 
opened in Tokio, J ,» in the course of September. © 
the exhibitors were , but many of the machines 
exhibited were modelled after American or English inven- 

separate buildings, in which were 
displayed machinery, art manufactures (including some fine 
bronzes and in ware), and horticultural and agricul- 
tural products. The Government were png Bey rw 
by models and miniature offices, i ting system of 
transacting public business. Jogos will be represented at 
Paris next autumn by the best of the articles exhibited in 
Tokio this autumn. 
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FAIRLIE ENGINES. 
To THE EpirTor or ENGINEERING. 

S1r,— ing to Mr. Fairlie’s letter of the 9th and 
one from Mr. 4 Mantey, locomotive superintendent of 
the Mexican Railway, of the 16th insts., criticising my re- 
port on the working of Fairlie engines, written at the 
request of the South Australian Government, allow me to 
correct a misapprehension of Mr. Fairlie’s. 

The com tive statement of the cost of running and 
repairs of Baldwin and Fairlie engines has been added to 
my original report in the colony, although I have no reason 
to doubt its correctness. I never saw the figures until a 

ie himself had been handed 


copy supplied by Mr. Fairlie 
to me. 


My report was a comparison of the working of Fairlie 
and six wheels coupled engines on the Tamboff, Saratoff, 
and Iquique railways. 

Mr. Mantey admits the truth of his predecessor’s state- 
ment as to the wear of the leading tyres on some of the 
engines on the Mexican Railway, and further explains the 
means he adopted to remedy the defect. 

-I was somewhat surpri on reading an account of a 
trial of the Fairlie engine in Queensland given in your 
journal of March 2nd last, and on comparing it with 
several paragraphs that a red in colonial papers about 
the same time, and cnpetialy with the official report of the 
— for Railways in Queensland for the year 
I append copies below in the hope that you may find space 
for them. 

You will note that the weight of the Queensland engines 
is given in one statement as 34 tons (and this is published 
not in Queensland, but in the colony of Tasmania), whereas, 
in fact, it is only 18 tons; the weight of the Fairlie 
engine is given as 28 tons, but the Commissioner for Rail- 
ways states: ‘‘This general overhaul of the engine has 
enabled the department to ascertain the exact weight when 
= equipped for the road to be 34 tons 14 cwt. 2 qrs.”’ 

he o} wm of the six wheels coupled engines over 
the Liverpool ge is 80 tons, and they have only 15} tons 
at most for adhesion, their performance is, therefore, 
much superior in proportion to the adhesion to that of the 
Fairlie engine even when taken at 28 tons, and much more, 
therefore, in comparision with the actual weight of 34 tons 
14 cwt. 2 qrs. 

The smaller engines, moreover, make steam freely, when 
it will be seen from the enclosed report of the trial that the 
steam pressure fell from 1201b. to 351b. in the Fairlie 


engine. 

t should be noted that the 401b. rails in Queensland 
were never intended either by the late Sir Charles Fox or 
the late engineer-in-chief, Mr. A. Fitzgibbon, to carry more 
than 3 tons per wheel, and the engines in use are } ton 
pa we this, whilst the Fairlie engine has over 4} tons per 
wheel. 

There would be no great difficulty (and locomotive 
builders will bear out the statement) in designing a six- 
wheels coupled engine suited for a and curves, 
to weigh in working order 24 tons, capable of hauling 
a load of 120 tons over the Liverpool Range. 

The engines descri by your correspondent ‘‘ B.”’ of 
October 26 last, were built to specification prepared by the 
writer in 1869, and within the past three years twenty-eight 
engines and tenders of a very similar class have been 
constructed for the South Australian Government under 
the same supervision. 

The Fairlie engine has now been on trialin Queensland 
more than twelve months, but we have not yet heard that 
the Government propose to di their present engines 
in favour of it. 

Yours, &c. 


J. F. L. Jerrer, B.A., Cambridge, 
Late Locomotive Superintendent Southern and 
Western Railway, Queensland. 
Consulting Engineer, South Australian and 
.Tasmanian Governments. 
7, Westminster Chambers, November 21, 1877. 


The Trial of the Fairlie Engine. Extract om the 
** Brisbane Courier’’ of October 28, 1876. 

The Trial.—The train left Grandchester at half-past 
eleven a.m., the engine having a pressure of 120 lb. steam. 
She travelled the first mile in six minutes, and the first or 
smaller tunnel on the range was reached in another four 
minutes, the second mile, which extends a little beyond it, 
being completed in five minutes. At this spot (known as 
the Brickfields) astoppage of about five minutes was made, 
the pressure of steam on coming to a standstill being 
90 lb. On stopping one-half of the train was on an incline 
of 1 in 50, and the other of 1 in 80. Notwithstanding this 
the engine started with her enormous load without any 
apparent difficulty, and finished the next mile in seven 
minutes, and in another seven minutes (at twelve noon) the 
further end of Victoria Tunnel was reached, the actual 
running time from Grandchester to this point thus being 
twenty-five minutes. At this juncture the pressure of 
steam had descended to 35 lb. 


Extract from the “‘ Illustrated Tasmanian News’’ of Nov. 
28, 1876, under the heading “‘ New South Wales.” — 
The Fairlie engine brought out by Mr. Royce was tried 
on October 27th on the Little Liverpool Range, in the 
presence of the principal officers of the Railway Department 


The maximum load of ordinary engines over this of 
the line is 80 tons, but the Fairlie took 100 tons with great 
ease ; she was stopped in a gradient of 1 in 50, but she 
started with her load without any difficulty. Her weight 
in working order is twenty-eight tons, while that of ordi- 
a is thirty-four tons. : : 

trial was a complete success. The chief engineer ex- 

the opinion that this class of engine must be adopted 

or the new cheap line about to be made by our Govern- 
ment, 
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Note.—The weight of Queensland engines referred to 
above is certified by the makers, Messrs. Kitson and Co., 
to be 18 tons in working order, of the tenders 11 tons 
16 cwt., with 2 tons , and 1000 gallons of water.— 
J. F.L. J. 

Extract from the Report of the Commissioner for Railways 
upon f General Working of the Railway Department 
during the Year ate 31st December, 1876. 

(Dated) partment of Public Works, 
Brisbane, May 2, 1877. 

The general results of the test trials, which were con- 
ducted under the supervision of Mr. G. H. Royce and the 
officers of the department, were fully reported in my memo- 
randum of November 18th, 1876, and as they were on the 
whole favourable, the engine was bought by the Govern- 
ment. 

Since the engine was purchased, she has been working 
the main range traffic between Murphy’s Creek and Too- 
woomba. 

The engine has recently been brought {into the shops for 

neral repairs, and the results of the wear upon the wheels 

o been specially reported on. 

This general overhaul of the engine has enabled the de- 
partment to ascertain her exact weight, when fully equipped 
for the road, to be 34 tons 14 cwt. 2 qrs., which is in excess 
of what it was first supposed. 





THE ELECTRIC LIGHT. 
To THe Eprror oF ENGINEERING. 

Sir,—The letter of Dr. Siemens which — in your 
last issue requires a few words from me in reply. 

There is not a shadow of a suggestion in any one of my 
letters for the assertion of Dr. Siemens that ‘‘ I am im- 
patient to. be considered the sole originator’ of the action 
and reaction principle of magnetisation. 

I have never disputed the claims of Dr. Siemens or of 
the late Sir Charles Wheatstone to be considered indepen- 
dent discoverers of the principle in question. 

What I claim for myself is the priority of discovery of 
this principle, and what I complain of is, that Dr. Siemens 
ignores my claim altogether. 

Dr. Siemens claims precedence over Sir Charles Wheat- 
stone on the ground that his paper was submitted to the Royal 
Society in February, 1867, somewhat earlier than Sir Charles 
Wheatstone’s paper on the same subject, and also on the 
ground that the first experiments, the results of which, he 
states, took his brother and himself by swrprise, occurred 
in December, 1866, and were repeated shortly afterwards to 
private friends in Berlin. 

Iclaim to have constructed my machine in September, 
1866, to have exhibited it to private friends during the same 
month or early in the next, and to have lod, a legal 
record of the discovery in the Patent Office in December, 
1866 


I further say my machine was not commenced until after 
I had obtained the necessary data from previous experi- 
ments, and, therefore, the results obtained did not take me 
by surprise. 

Ihavesupported my statements as to when my machine 
was completed and tried by independent evidence, and 
having done so, I feel Dr. Siemens exceeds the limits of fair 
discussion when he suggests I could not have tried my ma- 
chine at the time I lodged my provisional specification ; the 
passage on which he relies a this suggestion reads as 
follows : ‘‘ Before using the apparatus we generally send 
an electric current through the electro-magnets, the object 
of this is to secure a small amount of permanent magnetism 
in the direction we wish in the soft iron cores of the electro- 
magnets.” The word ‘‘ generally’? was used because I 
recognised the fact that theoretically it was not absolutel 
necessary to send a current in the first instance throug 
the magnets. 

In the provisional specification of the Messrs. Siemens 
which followed mine and which was dated January 31, 1867, 
they state if the machine be set in motion, the resistance 
which is opposed to mechanical force wi increased in 
consequence of the development of electricity, if, to quote 
their own words, “‘ during such rotation a magnetic impulse 
be imparted to the electro-magnetic arrangement either by 
the momentary insertion of a galvanic battery however 
small into the system, or by touch from a permanent 
magnet, or by dipping the iron bars of the apparatus in a 
direction peal with the earth’s axis.” 

The only difference between our respective statements is 
that I state we generally permanently magnetise the soft 
iron cores of the electro-magnets before we set the machine 
in motion for the first time by means of a galvanic battery, 
whilst the Messre. Siemens say they permanently magnetise 
their magnets by the aid of a galvanic battery inserted into 
their electro-magnetic system whilst the machine is in 
motion. 

As a practical fact, however, it is absolutely necessary in 
some cases to send an electric current through the electro- 
magnets to set going the action and reaction principle, and 
it is quite immaterial whether this be done before the 
machine is set to work for the first time, or during the time 
the rotating bobbins are in motion. 

J am sorry to have to complain, but that portion of Dr. 
Siemens’ letter which refers to the confusion of names is, 
T feel, not characterised by that whole truth in which it has 
been well stated truth lies. 

Dr. Siemens, in the first instance, in reply to a fully signed 
letter of mine, stated he was replying to a letter from Mr. C. 
Varley, and herefers in his last letteragain to Mr.C. Varley. 
Mr. C. Varley is a well-known electrician and a member of 
the Council of Telegraph Engineers, of which Dr. Siemens 
is also amember. The C. Varley, whose name a pears 
with mine in the provisional specification from which Dr. 
Siemens quotes, was, as must be well known to Dr. Siemens, 
the late Mr. Cornelius Varley, a man very well known as 


science, but who was chiefly known as an artist, and for 
his researches in connexion with the microscope. 

He was in ership with me at the time, and he had 
already completed his eighty-fifth year ; when the provisional 
ification was | » his name was inserted as bei 
partner in ignorance of the law, and being my father, 

ly gave his name precedence. 

_T have now replied to all the various issues raised in Dr. 
Siemens’ letters which seem to me to bear in any way on 
the matters under discussion, and I do hope this will be the 
last letter I shall have to write on the subject. 

Dr. Siemens has received in this country the very highest 
honours which can be conferred on a scientific man, given 
to him in the most flattering terms, and I have only to add 
what I said in my letter of October 29th, that I should 
have thought when claiming precedence for his brother over 
the late Sir Charles Wheatstone for the discovery of the 
action and reaction principle of magnetisation, Dr. Siemens 
would have considered it due to himself to have referred to 


my still earlier —, 
am, Sir, yours truly 
; §. ALFRED VARLEY. 
Hatfield, Herts, November 19, 1877. 





THE SOURCE OF THE POWER OF THE 
TIDE MILL. 
To THz Eprror oF ENGINEERING. 

S1r,—In your issue of November 2nd a leading article 
a) age entitled ‘‘ The Source of the Power of the Tidal 
Mi ,’’ and as no doubt you are always desirous of discus- 
sion on subjects broached in ENGINEERING, I venture to 
make a few remarks on the above, for which you will perhaps 
be able to find space in your next issue. 

To me then it appears a anew complication 
to ascribe the power of the tidal mill to any other power 
than the exterior force exerted by attraction of the moon 
and sun, for it is clear that any force capable of raising a 
weight above the earth’s surface, and then ceasing to act, 
so as to allow the weight to descend again, has by so doing 
given us an available amount of mechanical power. 

oe then is the primary cause for the power of the tidal 
mill. 

At the same time, however, that the mechanical power 
obtained is to be ascribed to the raising and descending of 
a given weight, the effect of all such elevations of matter 
above its normal position on the earth must, no doubt, be 
to retard the speed of rotation of the earth, while such 
matter isin the act of rising, but equally restoring the 
lost speed wpon its descent. 

Thus then we may the power of the tidal mill as 
simply referable to the raising of a weight by the power 
of exterior attraction, and that the permanent speed of the 
earth’s rotation is in nowise interfered with. 

Iam, Sir, your obedient servant, 
Grorae H. Purprs, M.I C.E. 

London, November 19, 1877. 








THE TELEPHONE, 
To THE EprITroR OF ENGINEERING. 
on ee in Lan 0 last week on Professor 
’s at the Telegrap gineers’ meeting, you give 
Sir Willam Thomson the credit of having employed the 
telephone to record the revolutions of a distant anemometer, 
so as to enable the state of the ventilation of a mine to be 
observed at the surface. Sir William Thomson would, I 
am sure, be the first to wish to disclaim any credit for what 
he really has not done, and he, of all men, can well afford 
to dispense with any unjustified addition to the list of his 
scientific inventions. This new — of the telephone 
was really the joint work of Mr. Henry Hall, Her Majesty’s 
Inspector of Coal Mines, and Mr. A. Le Neve Foster, of 
the Silvertown Telegraph Com . Sir William Thomson 
came over as . — to ry 2 oe Laoag red bea of ~ 
apparatus at the Presco' iery, near Liverpool, an 
understand he expressed himself as both pleased and sur- 
prised at such a new development of the telephone. 

The novelty of the apparatus consists in this, that the 
telephone attached to the anemometer has no diaphragm. 
It consists simply of a coil and a magnet. Close beside 
the pole of the — isa short piece of watch-spring, 
which is vibrated by suitable mechanism at every tenth 
revolution of the anemometer wheel. The atpring vibrates 
in close proximity tothe magnet, but never y touches 
it. The little “click” thus caused is plainly heard in an 
ordinary telephone connected in the usual manner, and 
paren § in the manager’s office. 

I am sure that you will be glad to rectify this little error, 
and that Sir William Thomson will be equally pleased that 
the correction should be made. 

Yours ru 


Society of Arts, November 22, 1877. 


To THe EptTor oF ENGINEERING. 

Srr,—In your interesting article of last week upon the 
telephone, you omit any mention of its fitness for railway 
purposes. eh 

In my judgment one of the most useful lications of 
the telephone will be to communicate een signal- 
boxes, where it will certainly supersede the present needle 
instrument, and thereby reduce considerably the oppor- 
tunities for mistaking directions. ‘ 
Under the present system a message can engross a points- 
man’s attention for several minutes, thus possibly ene 
him to neglect verbal communications from drivers an 
others. It will also displace the clumsy speaking-tubes 


Woop. 





now in use between duplex boxcs. 

The telephone will no doubt solve the present difficulty 
with regard to communication between guard and driver. 
Its importance in case of an accident should not be 


his van, and make known to the boxes immediately in front 
and betend. nature of the aceinat, - os 
means the necessary assistance can be sent withou' 

and the loss of time in clearing the las naterially exvtalied 
I remain, Sir, yours - BO 


Crewe, November 21, 1877. 








NOTES FROM THE SOUTH-WEST. 

Ler “9 yea danny: at Cardiff — = —_ ie 
same state. e general opinion appears 
much improvement will -be selleed until the new year. 
The quantity of coal shipped for the week was 46. 788 tons, 
a slight increase on previous week ; freights have also 
been somewhat firmer. 

Gloucester Tramways.—The Gloucester Tramways Com- 

(Limited) has given formal notice of its intention to 

-& fer powers to lay down tramways in the principal 
aivevts of the town. 

Lifting Chepstow Station.—On Wednesday Chepstow 
Phe i was raised 22 in. The station is supposed to be 
about 140 tons in — It consists of two stone build- 
ings on either side of the railway. —Lifting operations were 
commenced on Mi 3; ® number of jacks were simul- 
taneously brought into use, and on Wedn the station 
was successfully raised the required height of 22 in. 

Briton Ferry.—There is some improvement at the iron 
works and tin works, At the former on Tuesday night 
some twenty-six puddling furnaces were lit up, and two of 
the mills started on The lighting of the 
puddling furnaces is looked upon as a good omen, as the 
general impression was that they would not be relit until 
after Christmas. Atthe tin works the men are now working 
full time, and the stop work system is at an end, until 
Christmas, at any rate. The shipping trade is slack. 


The South Welsh Iron Trade.—'There appears to be some 
revival in the iron trade of South Wales. Ebbw Vale has 
an order on hand for 11,000 tons of rails, and an order re- 
ceived at Dowlais is expected to tide over the worst part of 
the winter for the workmen in that neighbourhood. Some 
information is expected to be shortly made public with 
a soe to the Plymouth and Abernant Works, which have 
so long been lying idle. 

Nantyglo.—Trade prospects here look gloomier than 
ever. From Saturday the Nantyglo and Blaina Company’s 
pits will cease working unless satisfactory terms are ar- 
ranged. The Coalbrook Vale pits are going on, and opera- 
tions continue at Blaina. The shopkeepers complain nota 
little ; the local distress is unquestionably great. 


The Narrow Gauge in the West.—The Railway Com- 
missioners have concluded their inquiry into an application 
made for an order upon the Great Western Railway Com- 
pany to provide narrow gauge communication between 
unceston and Lydford. 


The Forest of Dean.—Having, by continuous strikes and 
otherwise harassing trade, destroyed the once flourishin 
industry of their district, the Forest of n colliers an 
others are going to memorialise,the Crown to find them 
work. This Slemulaation was arrived at at a meeting 
when it was stated that there were 5000 men out of em- 
ployment in the district. 





Krne’s Cotuuez ENGINgrERING Socrzery.—At an 
ordinary meeting of this society held on Friday the 16th 
inst., Mr. Guinness, President, in the chair, Mr. A. L. 
iman read a paper on ‘‘ Torpedoes and Torpedo War- 
fare.”” After pointing out the revolution ca in naval 
architecture by the introduction of torpedoes, he proceeded 
to give a sketch of their history, and ref to the sub- 
marine torpedo boat constructed by Bushnell in the year 
1770. He then described the invention of Robert Fulton, 
laid by him in 1797 before the French Government, and, 
on their rejection of it, before the Government of Great 
Britain. ith this torpedo an ¢e iment was made off 
Deal, where the Dorothea, a brig of 300 tons, was placed at 
the disposal of Fulton. This experiment was thoroughly 
successful, the brig being blown to atoms. A clockwork 
torpedo charged with 180 1b. of gunpowder was used on 
this occasion. The author next ed to describe those 
torpedoes which are exploded by electricity, the invention 
of which was due to Mr. Samuel Coit; he noticed parti- 
cularly the ‘‘ devil cireumventor,’’ a torpedo used in the 
conflict between the Northern and Southern States of 
North America. Borin ome details of the composition 
of and of the various explosive power of Horsley’s —, 
dynamite, oe tae org and gunpowder, r. iman 
a the oe ge now in use eid three dome te 

‘ixed torpedoes ; 2. Torpedoes moved by separate agents ; 
3. Self- a to’ pr Wea ba of each class. 
Under the wpe e placed the “‘ devil circimventor’’ 
and other ground charges, under the second the rey He 
Spar, Cave, Punshon, and others, and under the third, 
the Sheliha, Whitehead, and Lay oes. He then 
described the torpedo steamers now in use by the Russians 
on the > and Bm ogo Bagh yn ere gp a 
torpedo launch are speed, raught, ess 
action, and to be proof against rifle bullets. He next 
alluded to some boats of Messrs. Yarrow and Co., of Posie; 
and J. I. Thornycroft, of Chiswick, which fulfilled all these 
requirements, and exhibited some models which the first- 
mentioned gentlemen kindly lent for the occasion. Mr. 
Alliman lastly described the Alarm, a torpedo ship be- 
longing to the United States Navy, which is fitted with 


three spar torpedoes and with a modification of the White- 
head, and concluded by pointing out the important place 
interesting 


which torpedoes will men in the future. 
discussion ensued, in which Messrs. Tait, Con- 








an active interest in all matters connected with 


underrated. The guard can detach the instrument from 





Guinness, 
e, Barton, Samuel, and others took part. A vote of 
eat ed to Mr. Alliman then closed the proceedings. 
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LOCOMOTIVE FOR THE NORTH WALES NARROW GAUGE RAILWAYS. 
CONSTRUCTED FROM THE DESIGNS OF MR. 0. E, SPOONER, PORTMADOO. 































WE give on the present and opposite pages engravings 
of asingle-boiler Fairlie locomotive, this engine being 
one of a pair constructed by the Vulcan Foundry Com- 
pany, of Newton-le-Willows, from the designs of Mr. 
C. E. Spooner, of Portmadoc, for the North Wales Narrow 
Gauge Railways. These lines are of the same gauge as 
the celebrated Festiniog Railway, namely, 1 ft. 11 in., 
and they will traverse a district very popular with tourists, 
and containing also many slate quarries, the produce of 
which has hitherto been sent down to Carnarvon by road. 
At present ten miles of these lines have been opened, a 
commencement being made in connexion with the 
London and North-Western Railway at Dinas Junction, 
about two miles from Carnarvon, where there are trans- 
shipment sidings for goods, minerals, and rs. 
From this point the line rises with a gradient of 1 in 47 
for 2} miles, where it forms a junction with a branch nearly 
2} miles long leading towards the slate: quarries. 
this branch a quarter of a mile is up a gradient of 1 in 47, 
half a mile a rising gradient of 1 in 49, and 14 miles up 
lin 39. The remaining portion of the line from the 
junction above mentioned has easy gradients. The line 
is laid with rails weighing 85 lb. per yard. 

As will be seen from our engravings the engine under 
notice is carried on two bogies, but the leading bogie 
only is fitted with steam cylinders. The leading bogie 
has three pairs of coupled wheels 2 ft. 6 in. in diameter, 
while the steam cylinders are 8} in. in diameter and 14 in. 
stroke. The tractive power which the engine is capable 


84? X14_72.25x14 _ 997 Wy for 
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of exerting is thus 


each pound of effective pressure in the piston. The 
wheel base of the leading bogie is 6ft., and the bogie 
centre is directly over the middle axle, this axle, how- 
ever, being, as shown, 4 in. nearer to the hind than to 
the leading axle. The hind axle of the leading bogie is, 
a8 will be seen, the driving axle, and all the axles of this 
bogie have bearings 3} in. in diameter by 5} in. long. 

The hind bogie has four wheels 1 ft. 7in. in diameter 
and a wheel base of 3 ft. 6in., while the centres of the 
two bogies are 10 ft. 0} in. apart, making the total wheel 
base 14ft. 11} in. Both the bogies have Mr. William 
Adams’ patent centre with india-rubber cughions, as 
shown, and the wheels are all Vickers’ solid cast-steel 
disc wheels, 

The general arrangement of the engine is so clearly 
shown by our engravings that but little description of 
it will be necessary. Notwithstanding the narrowness of 
the gauge, the parts are not crowded, while the bearing 
surfaces are ample. The main frame of the engine, it 
will be noticed, is carried along below the foot-plate level 
from the hind end up to nearly the front of the firebox, 
where it rises sufficiently to clear the front bogie frame. 
About the centre of the length of the boiler barrel the 

are connected by strong transverse stays which 
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c the leading bogie centre, as shown. As far as 
at eat the main frames carry the foot-plate, but 
at the front end of the engine the foot-plate is carried by 
brackets from the smokebox. A strong transverse stay, 
it will be noticed, connects the main frames just in front 
of the firebox, this stay carrying a check spring inter- 


posed between it and the back end of the 1 gie to 
sontrol any pitching motion of the latter. The water 
is carried in wing tanks containing together 359 


gallons, while the coal bunker, which carries 10 cwt. 
of coal, is at the trailing end. The ent of 
steam and exhaust pipes with their flexible joints to 
accommodate the motion of the leading bogie, is fully 
shown in our engravings, as is also the arrangement 
of the reversing gear and of the brake, the latter being 
applied to all the wheels except the leading wheels of 
the front bogie. The cylinders and steam pipes are drained 
by Widmark’s patent drain cocks, which can all be opened 
simultaneously from the foot-plate. The ine is 
fitted with a combined central buffer and coupling, as 
shown. 

The boiler, which is worked at a pressure of 1401b. 
per square inch, has a barrel 2 ft. 7 in. in diameter outside 
the smallest plate, and 8 ft. long, while the firebox casing 
is 3 ft. 4in. long by 2 ft. 7Zin. wide outside. The ba 
contains 104 brass tubes 8 ft. 3 in. long by 1} in. in dia- 
meter outside, these giving a heating surface of 333.4 
square feet, while firebox heating surface is 28.2 square 
feet, making the total heating surface 361.6 square 
feet. The grate area is 6 square feet, and there are thus 
60.26 square feet of heating surface per square foot of 
grate. The firebox, it will be noticed, has an arched 
crown, which is stayed direct to the crown of firebox 
casing by copper stays lin. in diameter. 
fed by one No. 6 injector, arranged as shown, and it is 
fitted with one of Klotz’s safety valves 2} in. in diameter. 


The engines under notice weigh 144 tons in working 


order, 10} tons of this weight resting on the leading and 
4 tons on the trailing bogie. In working one of 
the engines will take up the line we have described a 
load of 30 tons, consis’ of one bogie passenger 
carriage, and two four-wheeled passenger carriages 
weighing together 10 tons 5 cwt. full, the remainder of 
the load consisting of goods and coals and ser > en 
trucks, The work very well, and take 

curves’ with great smoothness, while the details of th 
design are exceedingly well worked out, and present 
many features of interest. 


Port ApgELarpE LiguTHouss.—The South Australian 
i that he has examined the 





The boiler is | 80™¢ 


HUNT'S LUBRICATOR. 
We give, below, an engraving of a form of suet lubri- 
cator now being made by Messrs. James Hunt and Oo., 
of the Crown Brass Works, Birmingham, the special 
feature in the arrangement being the form of — between 
the body of the lubricator and the cover. joint is 
arranged to give a clear opening the full diameter of the 
cup, and at the same time to with theuse of india- 
rubber or soft metal to secure tightness. Referring to 





the engraving it will be seen that the lid A is screwed 
directly on to the cup O, the lid bringing down with it 
the valve E, and this having a ground surface fitting a 
corresponding surface on the cup, and making a steam- 
tight joint. The valve E is free on the lid, so that it can 
rotate either way, and all the attention that is required is 
to wipe the faces before screwing down. Horns are pro- 
vided to screw it down by, and an ebony knob to remove 
the lid when hot if necessary, and care has been taken to 
encase the valve in the lid, so that the face may not get 
indented in either removing or affixing. Valves or taps 
are affixed at bottom according to the requirements. 
The joint when worn can be ground in its place by merely 
relieving the lid from the whee. 





CHEMICAL AND PuysicaL Socirety.—This society was 
instituted in November, 1876, for the yergore of promoting 
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NOTES FROM THE NORTH. 
Guasaow, Wednesday. 
—There was a steady market 
last Thursday forenoon, when was done in warrants 
at 51s. 11d. "ho = <> = at bie, il "tt, 52s. 24d. er 
month, closing with sellers 8 . prompt, an 
52s. 24d. pone be aw 5ls. 1d. and 52s. 2d. 
=s and one month tively. he markt opened flat 
in the afternoon. ba ees en) the 
oe prices were, wim 52s., iepese 51s. 104d. cash. 
Friday’s warrant market was a little stronger, and prices 
advanced lid. per or ® bat before the close the fraction 
was lost. Business at 52s., improved to 
52s. 1d. cash, and 52s. “3 . one month, and closed in the 
forenoon with buyers at e higher tation, sellers near. 
In the afternoon 52s. 1}d. aa and 52s. 4d. one month were 


Glasgow wb, vel -Iron Market. 


paid, but prices returned to 52s. 1d. and 52s. 3}d. respec- 
ng 4 a the market 52s. cash, and 
52s. 3}d. one month, —— near. fall over the week 
was 7d. per ton. The warrant was firmer on 


Monday, and prices ie roved about ton. Buyers 
were hy i in the moruing, but as Roldety ert firm business 
improved from 52s. 3d. to 52s. dd. one month, the market 
closing with sellers at 52s. 1d. cash and 52s. 4d. one month, 


buyers 1d. per ton less. Prices were advanced in the 
afternoon, from 52s. 1d. to 52s. 1$4. , and from 52s. 4d. 

to 52s. 44d. one month, the market — buyers 

4 the higher figure, and sellers at 52s. cash, and 

ll ge sonal The — “matic opened 
improv 

Sie extent la rhe i to, bt 2d of of this was was lost at the 


close. Business was done the forenoon at 52s. 3d. to 
52s. 4d. ot = 3h. a toe ra i and ound 
—sellers at 52s. 3 buyers a’ cash an 
52s. 6d. one month. n the afternoon, 2d. cash and 
52s. 6d. one month a. d, oa oy che closed with 
buyers at those prices an sellers neat. The market was 
flat at the opening this forenoon, and business was done in 
warrants at 52s. 14d. prompt eash and 52s. 44d. one month, 
closing with buyers at both sellers asking a 
shade more. The market mued flat in the afternoon, 
with business done at ee 1d. cash and 52s. 4d. one month, 
closing buyers 52s. cash and sellers 528.144. During the 
last few days the market be*said to have had an 
ap ce of steadiness, but ‘as been an absence of 
animation. Shipping — has been rather quieter, and 
quotations in second have been a shade easier in 
thy with ened ma Pigiron is stillincreasing in the 
pabhie warrant stores and at makers’ premises, but there is 
no inclination to reduce the number of furnaces in blast ; 
indeed the Scotch ironmasters held a meeting last week at 
which it was resolved to continue the furnaces during the 
ensuing three months as during the po three months. 
Still, there has been an increase, one of the Monkland fur- 
naces having been blown in during the week, making 
89 in blast as against 117 at the same time last year. The 
stock of pig iron with Messrs. Connal and Co. up till last 
Friday night was 165,993 tons, and last week’s shipments 
amounted to 7369 tons as compared with 8181 tons in the 
corresponding week of last year. 


Lanarkshire Malleable fron Trade.—The notice given 
recently to the men employed in Coats Iron Works, Coat- 
bridge (Major Jackson's) that their services would not be 
peqawee in the works, expired on Sotnrteg last. The 
notice embraced a number of mechanics usually in regular 
employment, as well as most of the ironworkers an 
labourers engaged in the works. On Monday the men 
presented themselves at the works as usual, and the greater 

rt of them resumed work under one day’ 8 notice. At 

ossend Iron Works, one of the most extensive on the Clyde, 
about 200 men employed in connexion with the works got 
formal notices on Saturday that at the iration of four- 
teen days their services will not be required by the com- 
pany About twenty-five puddling furnaces will 
id idle for some time. 


Institution of Engineers and Shipbuilders.—On the 
evening of Thursday, the 15th inst., the ates’ sec- 
tion of the Institution of Engineers "and hipbuilders in 
Scotland held their.o; ng meeting for the session 1877-78 
—Mr. James Danie, Preai lent, in the chair. By the vote 
of the meeting the silver medal a annually by the 
council of the section for the best paper read by one of Se 
graduates was awarded to Mr. (. Arnison, Jun., M 
side Shipbuilding Yard, for his Paper read last session “ 
** The Strength of Tron ~~ he President then de- 
livered his opening address, the major portion of which was 
devoted to the consideration of the er in the 
progress of marine engineering during th it twenty-five 
=. He dwelt chiefly upon the economy of fuel and 

economy of the machinery used in steamship propulsion. 
In respect of the consumption of fuel, he said that the 
saving was over 225 per cent., when the results at pet secnees 
attained were compared with those which o haracterised 


the period over ‘mi hi ing practice at the ning of the 
his survey extend». Lg pore night the 


of the Institution proper was held, Pro- 
fessor J or James Thomson, OE, PRS. oricepresident, in in | district. 


the chair. An in 


Ryedebe gERL ES ts 
G. Fairweather, C.E. 


meeting by Mr. Somes 
afterwards read 


d | output, 


precisely similar 
by Eastern for the line last referred to. 


Greenock, an establishment which dates back to 1833. The 
damage is set down at about 50,0001. But tis is not the 
first occasion for the same refinery to suffer by fire. The 
other fire was at the works of Messrs. Lobnitz, Coulborn, 
and Co., shipbuilders and engineers, Renfrew, the damage 
being about 15,0001. At the same works, but in a different 
department, there was another very destructive fire rather 
more than a year ago. 


Messrs. my fae my | =< —On the 11th se 


month the “= known, and » indeed, somewhat 
ship! ae of Messrs. Robert 
into the hands of the new partners, 


Napier and bee —_ 
Messrs. A. C. Kirk and John and James Hamilton. I am 
= to say that they have got two new vessels to begin 
wit 

The Telephone at Aberdeen.—A series of interesting ex- 
patnane with the telephone was most successfully con- 

ucted last Thursday evening by members of the engineer- 
ing department of the Aberdeen telegraph office. Tele- 
phonic instruments were attached to the wires at Aberdeen 
and at Banff, a distance of 52 miles apart, and songs were 
transmitted with remarkable clearness and distinctness 
along that distance, while conversation was freely carried 
on. The results are considered most remarkable, and 
with more complete arrangements than could be got at the 
time, even greater success is anticipated. Two of Pro- 
fessor Bell’s telephones were used, and two which were 
made by Mr. W. T. Jones, one of the engineering staff, 
the latter having diaphragms or sounding plates 
than the Renton and these produced a fuller sound than 
those of Professor Bell. 


Fairfield Association.—At the second fo 
“Kir. this seein. which was held on 
r. H. C. Mylne in the was y 

James Anderson on “Piston With the aid of 
a number of drawings and models, Mr. Anderson described 
the various kinds of pistons in use in marine, loco- 
7 and land engines, including Ramsbottom’s, Mather 

Platt’s, Prior’s, Buckley’s, and others. The various 
defects i in the earlier kinds of pistons were pointed out, 
and the manner in which these had been remedied in 
pistons of a more recent date. The paper was of a 
thoroughly practical nature, and created an interesti 
discussion, in the course of which Mr. Anderson answe 
a number of questions as to the results of the use of the 
—- roved kinds of packing. There was a attendance, 

and several new members were admi' into the asso- 
ciation. 

A Steam Tram Car.—During the last few weeks some 


ightly meet- 
iday evening 


very successful iments have been made upon the 
G jw and suburban tramway lines by a steam tram car, 
which is intended for use on one of the Edinburgh lines. 


It is self-contained, and is one of the very 
attempts at applying mechanical wer to street locomotion 
yet brought under the notice of Foy b or the engineer- 
ing profession. The patentees are Messrs. Robertson and 
Henderson, of Glasgow, who have received much en- 
couragement from the Edinburgh Tramways Company. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Restricting the Output of Coal.—The miners emplo: 
at the Lundhill Colliery, one of the largest of the South 
Yorks i having recently combined to restrict the 
having thereby caused both loss and annoyance 
e proprietors, the latter have taken out about 130 
of this much- 








to 
summonses in order to test the legalit 
talked of step. 
Company, near ve also summoned about thirty 
of their workmen for abating themselves on strike without 
permission. 


Fatal Boiler Explosion near Leeds.—On Tuesday after- 


be} noon a boiler ernoded = Ao the o lege brickworks of Mr. 


G Milner, Braml two men who 
were close to it, and dolng a great eet dt tens to the 
premises. It is ’stated that the boiler was almost new. 


-. Wales glen o by and Shirland.—It is proposed 

ery ag out a scheme to cost 
chen l., the ae ich would supply 4000 
people in the paris endian Morton, Shirland, Higham, and 
tretton 


Proposed New Railway from South Yorkshire.—The 
Great Eastern Railw ‘Company seeks to obtain Parlia- 


mentary powers es the construction of a line from 
Long Stanton, in Cambri , on its eons f system, to 
Askem, near Doncaster, where it would join th heffield, 
— d Lancashire and Yorkshire systems. The scheme also 
a ge connexions with the Great Northern at S alding, 
the a Sheffield, Lincol 
Torksey, Beyton, and Barnby Dun, with the North-Eastern 
at Cam near Doncaster, and ‘with Lancashire and 
Yorkshire at Burghwallis. The scheme would afford an 
alternative coal, &c., route to London and the Eastern 
Counties, and is, therefore, viewed with no disfavour in this 


Great Northern Railway ewer Ti ah company pro- 
poses to make a line from S eyed by. tho Grea 
almost to that farreyed 


obtain an extension of the time fixed is 
ton, and Kei 


are New Dock and Rail at Hull.—It is stated 
fet North- » Herth Mestere ‘Railway Company seoks powers 
hg the existing Hull and Holderness line to 
where the Hull Dock Company is — toconstruct «new 





dock for the special the fishing traffic of 


on S 
a at Miadieobrough wi 


The Ls rietors of Mitchell’s Foundry | 7, 


the port, which is now dealt with in the Albert Dock, 
already insufficient in size. 
—At last week’s 


po nee I Accommodation ve Goole. 
meeting of the Goole Chamber of Commerce mtion was 


called to the state of the rr (which has been fe ening ee 
made for noe 7 eg CSL ee sneall, 
ew a seh Ae he Lancashire and 
hie Conga ba been communicated with and had 
t, but now said they did not see their 
ar to co carrying out of the proposed completion. 


Tramways and Street Improvements at Sheffield.—The 
Sheffield town council have resolved to go to Parliament 
next session for powers to make a number of new streets 
and to widen existing thoroughfares, at a cost of about 
1,000,0001. sterling. The scheme is rendered necessary 
as to the increasing traffic and the construction of 

w streets, in the widening of one of 
which 30,0000. will will "be entirely lost. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was an 
average attendance on ’Change at Middlesbrough, and a 
novelty was introduced much to the surprise of merchants 
and consumers. The ironmasters had held a meeting on 
the previous day and had decided to raise the price of pig 
iron ls. perton. Having done this the prices were fixed 
the einatent before the market was held yesterday, and 
~~! refused to sell pig iron for less than 41s. on, No. 3 
other qualities at proportionate rates. e@ producers 
have been induced to take this step because the prevailing 
prices lately have been unremunerative, and as all the 
makers are sending away more iron than they are produc- 
ing, and thus reducing their stocks, they think they can 
realise better prices. Merchants and consumers naturally 
dislike the action of the masters and are offering iron at 
last week’s rates. Makers were consequently in a position 
to buy back their own iron at a lower rate than they 
themselves were offering it for sale yesterday. It is be- 
li by merchants that makers will not long adhere to 
the new regulation, viz., that of mee every Monday 
and fixing the prices of iron, as certain s will be un- 
able to hold iron and must dis of it for cash. On the 
other hand the masters say they will no longer dispose of 
iron unless they get a profit, and will either put it into 
store or reduce their make rather than sell at a loss. The 
Cleveland warrant stores in the hands of Messrs. Connal, 
at Middlesbrough, are growing, and are becoming more im- 
portant. There are now in stock at these stores about 
36,000 tons of ag oe Great quantities of pigs are 
weekly shipped to 
The Finished Iron Trade.—The strike of pertetien | in 
Scotland has had a disastrous effect upon the plate trade 
of the North of England. Maen ship plates are quoted 
61. 5s. per ton, less 24 per cent., boiler plates are 71. 5s. 
Common bars are generally quoted 5l. 15s., and can be 
bought for 2s. 6d. per ton less from needy makers. Only 
about half the number of men are employed at the puddling 
furnaces compared with the hag 4 times a few years ago, 
and those who are e in the trade are employed 
on oe iron. The steel 


usy for many months. 


Engineering and Shipbuilding.—Engineers are fairl 
= ell “ccoupied Shipbuilders, too, continue to launc 

aE on the northern rivers. Messrs. Raylton, 
Dickt, ent Co., of Middlesbrough, who built H.M.S 
ine, have just received an order to build a steel 








ship. 

The Coal and Coke Trades.—There is a better demand 
for all kinds of fuel. Prices are higher, aud{some of the 
eae | which have been a long time idle, are again start- 
ing wor! 





LIvERPOOL ENGINEERING SocrETy.—This society held 
its usual meeting at the Royal Institution on Wednesday 
evening the 2ist inst., Mr. C. Graham Smith, Loe 
President, in the . Mr. John Birch referred to 
W, Brodie’ r on “Blast Furnace Slag as a 

Material,” ’ and in the course of his remarks read 


some seareng Ponmar mn “extracts from a letter s: that a firm 
at Gosforth were turning out 1600 eo"z slag per 
—- pore road- por poy Ly ** Graving 

read by Wilkinson Sa Squire, and elicited a 
good one 2 he mg After minutely deseribi neral 
arrangement and details of ving docks t in an 


able and practical manner with the p Fan F ny verning 
their shape and size. He said that a graving :dock must 
not only have a sufficient width to admit of ships bein 
docked, but it must also be of such a size at the bottom an 
top as to admit of the air getting with ease to all parts of 
the hull of a ship, so that fresh paint may dry as quickly as 

ible. The whole of the dimensions are much pocerass 
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NOTICES OF MEETINGS. 

THE INSTITUTION oF OIVIL ENGINEERS.—Tuesday, November 

Fm 8 pm. Renewed Discussion on “The Progress of Steam 

pping. 

INSTITUTION OF SURVEYORS—Monday evening, November 26th, 

when a discussion will be introduced by Mr. Christopher Stephen- 

son, on “The Pruning of Coniferous Trees.” The chair to be 
taken at eight o’clock. 
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ENGINEERING CALCULATIONS. 

A WHOLE treatise, useful enough and by no means 
small, might be written on the questions, ‘* When 
to calculate and how to calculate,” in their appli- 
cations to engineering matters. If such a work 
ever did appear, moreover, and treated its some- 
what comprehensive subject in a really rational 
manner, it might certainly do good service both to 
the calculators and the anti-calculators, if we may 
coin a word, It would show reason for lowering 
the pretensions of those who believe that mathe- 
matics can do everything, while it would at the same 
time greatly enlighten those who still refuse to be- 
lieve that mathematics can do anything in the solu- 
tion of our professional problems, 

As to the “ when” of calculation in our every-day 
work, it is no doubt possible and right to take a 
middle course between the “always” and the 
“never” of the two conflicting schools just men- 
tioned, An obvious rule for procedure in the 
matter is supplied by remembering that calculations 
can only be of value when data exist upon which to 
po — But a bare a of this kind, 
distinct as it may appear at first sight, does not 
after all help much in practice. It is o’doubt true 
enough, but it only leaves us, in each particular 
case, to face with another question, namely, 
whether the data do or do not exist, and this is not 
always easily settled. The problems of engineering 
practice—whether they bear —_ the quantity of 
steam in an engine, the dimensions of a girder 
beam, the diameter of a or what 
in almost every case of gteat complexity, 


or of a 


pages, 








the assumption (which we shall not here discuss) 
that a calculated result is a oy be desired if it 
can be obtained, it is necessary to find out, as 
a as ome the whole conditions under 
which our problem lies, Of some of these conditions 
it may be recognised at once that they cannot 
sensibly affect the question ; but even after elimi- 
nating these, sufficient often remain to render the 
problem complex eno It ‘happens but seldom, 
In the case of such lems as we} have mentioned, 
that the data exist for calculating a‘solution which 
really takes into account ai// the elements of the 
case. The algebraic formule most applicable to it 
are based on assumptions which are by no means 
really fulfilled by it; the experimental results most 
nearly resembling it have been obtained under 
circumstances only approximately the same as those 
with which we have actually to deal. 

The question, therefore, whether the data for 
calculation really exist in any particular case be- 
comes rather a question of degree than one to which 
@ positive Yes or No can be returned. The im- 
are point is that in every case it should be 

istinctly realised which conditions are, and which 
are not covered by the data at our disposal. It may 
be ily admitted that there are too many cases in 
which this has not been done, and it is probably the 
cane. of imperfect results of this kind that has 
ed to the ae hata which still exists largely 
enough against all calculation, It is only too easy, 
after spending a good deal of valuable time, to say 
nothing of ink and foolscap, in working out results 
by the aid of a complex formula, to forget at the 
end what was known at starting—that the formula 
only partially represents the real circumstances of 
the case. e result upon which so much labour 
has been spent is not a real solution of the problem, 
but a solution only of some much simpler one, more 
or less closely Paco | it. It is useful—v 
possibly extremely valuable—as a first step tow 
a complete solution, but it is this only in hands of 
those who know its real meaning. In the hands of 
any one who forgets or is ignorant of the fact that 
it is — an approximation, as well as of the extent 
to which it is an approximation, and of the bearing 
of the modifying circumstances on it, it is not only 
not useful, but often absurd and sometimes even 
dangerous. 
It is cy dive. to sneer at all this,” and plenty 
of capital has been made out of it, from time to time 
by those who believe, or affect to believe, that all 
calculation is useless.’ [tis impossible, however, to do 
without calculation in some form now-a-days, and the 
only alternative to calculation proper seems to be the 
use of ‘‘ Rules,” A rule is, of course, just a formula 
under another name; and it may present in an 
y rere form the result of close reasoning or of 
elaborate experimenting. In such a case it is worthy 
of all respect, and may be of great convenience. In 
the hands, however, of those who have not them- 
selves gone through the reasoning or followed out the 
experiments it is liable to every bit as great abuse 
as its more formidable looking brother in a mathe- 
matical or physical text-book. But such “rules” 
as thisare not the most common, ‘The most popular 
rules are those short statements contained, generally, 
in “‘ pocket-books,” in which the whole matter is 
summed up with great brevity in an expression 
which requires the carrying out of no more formid- 
able operation than getting a square root from a 
table, and multiplying by two, and gives a definite 
result, without any troublesome qualifications or 
conditions. This is a royal road to the determination 
of quantities or of dimensions, but like other royal 
r it fails, often enough, to lead to the desired 
destination. A rule founded on the user’s own ex- 
perience, and devised as a short expression for the 
conclusion to be drawn from a long series of well- 
understood facts, is most useful and convenient. A 
rule picked out of a book, founded (if on anything 
at all) on some one else’s experience, and on facts or 
hypotheses totally unknown, is seldom useful and 
often misleading. If it be foolish to base elaborate 
calculations upon data imperfectly known or im- 

rfectly representing the facts on which they are 

lated. it cannot be less unwise to pin one’s faith to 
‘‘simple” rules in total ignorance of the reasoning 
— a bo pa acy: or of the limits within 
Ww ey really apply to practice. 

In answering daa ereeution “How to calculate ?,” 
at least so far as concerns such calculations as have 
weed bent gt Sew Made hy eng 
agree With those who advocate the-use of scale 


lines, that is to say, instead of with figures. The 
methods of this graphic arithmetic are ly 
becoming known in country, although on this 
as on 80 many other subjects we are still with- 
out a text- The study of them will well repay 
any one who is uainted with them, and whose 
drawing office work includes any considerable 
amount of calculation. The degree of accurac 
attainable by them is quite in excess of that prac- 
tically required in almost all cases, when they are 
used, that is to say, by a fairly accurate draughts- 
man. ‘They are carried out with instruments which 
the engineer has always at hand, and he is so 
ropes | accustomed to the use of these instru- 
ments that an g done by their help is done with 
a minimum of fatigue and uncertainty. In many 
cases the ag oe operations are self-checking (as in 
“ reciprocal diagrams”) and tell at once if a mistake 
has been made, and in many others their direct 
appeal to the eye greatly facilitates the detection of 
errors. At the same time they have not the same 
rance of absolute accuracy that is possessed by 
a long calculation worked out to several places of 
decimals, and this must be regarded as a great ad- 
vantage. For there can be no doubt that mistakes 
have often resulted — from the unfelt influence 
of the decimal places, which seem to delude their 
user into forgetting that a mere process of accurate 
manipulation of res, although essential to the 
solution of his problem, is not the whole of it. 

We have not left ourselves room to say anything 
as to the use of mechanical aids to pacts Bere dy and 
especially as to the slide rule and the planimeter. 
It is in some res to be wondered at that these 
instruments are not more used than they are, especi- 
ally as every one who begins to use them seems to 
continue to do so. Both are labour-saving appliances, 
the latter with the additional recommendation that it 
gives results considerably more accurate than can 
readily be obtained without it. We may ps 
pe another opportunity of saying something about 
these. 





RAILWAY WORKING. 

As the time draws on for the assemb’ of Par- 
liament, the attention of those inte: in railway 
working will naturally be directed to the question 
whether the‘ensuing session is to be allowed to 
away without legislation on this important subject. 
Parliament will have before it the Report of the 
Royal Commission appointed to inquire into Railway 
Accidents—the contents of which, together with the 
long and important reports of ce members of 
the Commission, dissentients in some points from 
the conclusions arrived at in the main report itself, 
were fully reviewed and discussed by us on the 
issue of the re lt will probably be advanced 
that the happily greater om from serious acci- 
dents which has characterised the past year, tells 
well and clearly, not only of the desire of railway 
companies to effect improvement, but that it shows 
improvement has been effected. Desirous in all 
cases to accord credit where credit is due, we 
shall not attempt to dispute such a conclusion, We 
will even go further and express, with pleasure, our 
conviction that year by year improvements are 
effected in our railway system such as to reflect 
undoubted credit u those by whom they are 
brought into operation, But this is only another 
reason for further improvement. If what has been 
done has been so beneficial, it cannot be denied 
that its more extended application would tell still 
more strongly in favour of the companies and be 
indisputable evidence of the desire of the several 
Boards to render railway travelling both safe and 
secure. 

It is, however, incontestable that much yet re- 
mains to be done, and it is equally incontestable that 
although some of our railway managements have 
shown, and continue to show, a commendable desire 
to cope with their increasing traffic in the most re- 
liable and safest manner, that there are yet others 
which exhibit a marked contrast by their utter in- 
difference of the subject. It is improbable that 
anything short of com measures will in- 
fluence such bodies, whi berms. | the power and 
the means, treat the matter with such slight 
eg as to be indifferent to the advances made by 
others whose systems do not happen to compete wi 
them. If to'these we add those minor lines which 
lack the means to’ adopt’ ents, 








Tecognised improvem: 
we fear the list of those upon whom reliance may be 
placed for effecting necessary and recognised safe- 
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will be reduced to a very small limit. And 

it is on these grounds that we desire to see the re- 

rt of the Royal Commission receive consideration 
Sate the poem session. 

The recommendations of the report are of an ex- 
tensive character, and it is improbable that they will 
be carried out in exlenso. Many of them can scarcely 
be considered practicable with a railway system 
constituted as is that of this country. To give 
them effect in full would be to practically remove 
from the railway 4 responsibility of a very 
extended character. e fact, too, that they are 
not the unanimous opinion of those engaged in the 
inquiry will also find weight with those who ques- 
tion the conclusions arrived at, Still, to cast 
the labours of the Commission aside altogether 
would be to court continued neglect of those pre- 
cautions and provisions which have so often been 
advocated both by the Board of Trade and ourselves 
when called upon to consider cases, which from 
their aaainie or other exceptional causes, have 
claimed attention. There are recommendations in 
the report which call for careful, speedy, and 
thorough consideration, the value of which is ad- 
mitted by the railway companies themselves, but 
which, from lack of power, lack of means, or lack of 
will have hitherto met with so small a modicum of 
practical apenas as to raise a question whether, 
unaided by legislative power, their universal adop- 
tion will ever be attained. It is to these recognised 
improvements—improvements adopted and recog- 
nised by the railway authorities themselves—that 
we would direct attention. 

‘These may be comprised in the following : 

1. The adoption of the block and interlocking 
system. 

2. The adoption of an adequate brake power 
under the control of both guard and engine-driver, 
and its application to goods and passenger trains 
alike, 

3. The adoption of an efficient means of communi- 
cation between passengers and guards and drivers. 

4. The adoption of continuous footboards to all 
passenger vehicles and the raising to a correspond- 
ing level all station platforms used for passenger 
traffic. 

With re to the first of these the day is now 
gone by when their value can any longer ues- 
tioned, Since the introduction of the locking 
system there have been few, if any, who could, 
with justice, urge anything against it beyond the 
fact that it, in some instances, where the accom- 
modation for the mass of traffic to be dealt with is 
so circumscribed as to cause congestion, delay arises 
from it, Against this we have almost certain 
safety. There can be little doubt in such a case as 
to which is the proper course, viz., to carry on the 
traffic under a fictitious security at its best, with a 
possibility of increased despatch, or to incur an in- 
creased delay with an increased assurance of safety? 
It must not, however, be understood, that because 
we admit that in some cases the interlocking system 
occasions delay, it does so as arule. Comparing it 
with the system in operation prior to the introduc- 
tion of the locking system it is probable that such 
is the case at certain points, at points where the 
traffic has to be narrowed into a smal] compass; 
but this is only because, under the locking system, 
an extended—and properly so too—view of that 
necessary to secure safety is obtained. It is as 
easy to work points and signals from a signal-box 
as from the ground, It is the locking of distant 
points and signals which restrict those hazardous 
movements which, formerly under the system of 
non-interlocking and an abundant provision of 
ground pointsmen, succeeded in pushing through a 
given amount of traffic. As we say, however, this 
was only applicable to certain points, and it was 
always done at a maximum amount of risk. The 
majority of such points are now worked under the 
interlocking system, and aside from any pecuniary 
advantage which the change may have produced 
by the concentration of labour and responsibility 
there can be little doubt as to the choice which any 
officer, responsible for the working of such points, 
would exercise, were he to be asked whether he 
would, with the traffic of to-day, wish toJrevert to 
the practice of years gone by. On the whole there 
is no doubt but railways have been the gainers in 
point of annual expense by the adoption of the lock- 
ing system. 

And, reverting to the block there is every 
reason to believe that in its adoption it has been to 
railway companies the means of effecting large 
savings in the shape of damages from mishaps which 








by its means they have been able to avoid. The 
locking system, and the block system alike, in pro- 
viding against, and so avoiding mishaps, show but 
one side of the account. Their cost stands out in bold 
relief, but there is nothing to show that they have 
absolutely effected a saving. The view entertained 
of their value is, however, to be gathered from the 
fact that on all lines where the traffic is heavy those 
railway companies which have sought to keep 

with the times, have employed them. The views 
entertained of their value by the Board of Trade is 
equally evident from the fact that no new lines are 
now passed unless equipped with it; and further 
from the constant and repeated recommendations of 
the inapentiog officers in favour of its extensive and 
general application. 

The general adoption of both the locking and 
block systems find strong recommendation in the re- 
port, and it is to be hoped that this recommendation, 
which affects two of those principles upon which the 
safety of railway traflic mainly depends, will receive 
the consideration and support of Parliament, That 
there has not been that marked desire on the part of 
railway authorities generally to extend their applica- 
tion, necessary to inspire confidence for the future 
in this respect, has been very forcibly shown by 
Mr. Galt in his report appended to that of the other 
Commissioners (vide page 213, vol. xxiii.). It is 
only reasonable to infer from this that without 
legislative aid little more will be done in the future 
than has been done in the past. Moreover it is scarcely 
fair to those companies who have shown a desire to 
advance in this respect and to meet the oft-ex- 
pressed recommendations of the Board of Trade, 
that they should incur the heavy cost attendant upon 
it, whilst others, actuated by no such desire, are per- 
mitted to impose all manner of risk upon those who 
have no choice but to entrust themselves to their 
care, It is true that Mr, E. Harrison, in his ob- 
servations appended to the main report of the Com- 
mission, expresses an opinion which -will probabl 
be held as adverse to the employment of the bloc 
system, but as was remarked by us at the time 
when reviewing his considerations, it would appear 
that his views of the value of the block are d 
more upon its worth, or rather worthlessness, when 
worked upon unsound principles than when worked 
under well.devised regulations. He says, ‘‘1 am 
not prepared to give my unqualified a of 
the block system as at present arranged and worked, 
for it is a well-established fact that collisions, with 
very few exceptions, take place at stations, junctions, 
or relief sidings at block cabins.” It is perfectly 
true that such is the fact, and no more conspicuous 
case in point can perhaps be adduced than the 
Arlsey accident ; yet this accident was no more due 
to the block system in use on that section of the 
line, than it was to Mr, Harrison himself. The 
cause of the accident was the system under which 
the block was worked, and this since been ad- 
mitted by the amendment of the system. Had the 
block signals worked from Arlsey siding been held 
at blocked during the time the running roads were 
being fouled by the shunting of the goods, there is 
every reason to believe that the accident would 
never have occurred. And so it is in the majority, 
or in ninety-nine cases out of every hundred, The 
value of the block does not lie in merely protecting 
the rear of running trains, but in keeping each 
section clear of more than one train at a time. 
There is, in fact, more danger where shunting 
operations are allowed to proceed in the midst of a 
mixed traffic, than there is in a continually movin 
traffic ; yet the practice of ‘‘ obstructing” the me 
fouled, or about to be fouled, by crossing operations 
is one which obtains very little attention. In it, 
however, lies the history of many a mishap, and 
until railway companies can be induced to recognise 
its value, the block will continue to bear blame, 
where the blame is due, in fact, to the system under 
which it is worked. Worked under proper regula- 
tions the block is of the utmost value to railways, 
and whilst recognising the difficulties which railway 
companies have to contend with in its adoption, we 
yet see no reason why its application should not be 
universal, 

The second point demanding consideration is that 
of brake power. This is a subject to which we 
have given very much attention. From time to 
time we have not failed to bring under the notice 
of our readers every feature of interest connected 
with it, and our observations have in many instances 
been accompanied with tables giving the facts of the 
results obtained at various trials arranged for the 


purpose of testing the capacity under every possible ! The 





cicumstance of the various forms of brakes which 
have been brought forward. The recommendations 
of the Committee under this head cannot be said to 
press severely upon the companies. The limit 
adopted (500 ) is one that can be obtained with 
proper pliances. Since the issue of the report we 
ve many opportunities of observing the value 
and advantage to be derived from a well-devised 
, and we feel assured that in the adoption of 
such a system railway companies themselves will 
gain as much, or more, than will the travelling 
public. The importance of the question may be 
gathered from the fact that in the Annual Report 
of the Board of Trade on Railway Accidents for the 
t year, it is treated specially; its advantages 
ing dwelt upon in well-measured terms. 

The pamees and guard communication is one 
which has, fortunately, not been a very prominent 
one recen The need for it, however, still exists 
as powerfully as ever. The reason why the subject 
has not obtained attention of late is not that the 
system now generally in use is one which meets the 
requirements of the case, but because there has, 
happily, arisen no cause for seeking the attention of 
the guard. The ‘ cord” system was condemned 
long before Sir Henry Tyler retired from the Board 
of Trade. It is surely time that something was done 
to replace it. 

Our concluding requirement is one which has ob- 
tained recognition in many instances, and there can 
be xo reason beyond that of indifference why it is 
not carried out. In cost it cannot prove a very 
large item, whilst its necessity has been so often 
proved that farther observation upon it is needless, 








, THE WATER QUESTION. 

T is a gratifying feature of sani rogress that 
a large number of Bills intended roy & ioivodased 
at the next Parliamentary session will be to secure 
local improvements, especially in regard to water 
supply in Yorkshire and Lancashire; bold efforts 
will be made, the most permanent being the pro- 
— utilisation of Lake Shirlmere, in Cumberland, 
or the of supplying Manchester. Liverpool, 
Leeds, Clitheroe, and other large towns are seeking 
for the Parliamentary authority to improve their 
water, gas, and other arrangements. 

But the most important step that will be taken 
will be on the part of the Metropolitan Board of 
Works, At a recent special meeting of its members 
the report of the committee was considered. It had 
reference to the instruction to pre’ a Bill em- 
powering the Board to take under their control the 
water supply of the metropolis, and to purchase 
the interests of the existing companies, and extend 
existing works. The second matter for discussion 
was as to promoting a Bill for the purpose of 
ae the- metropolis a pure supply "a weer, 
inde ent of the existing supply, as recommended 
by Messrs. Bramwell and Easton, and obtained from 
the chalk. 

It will be remembered it was not until considerable 
pressure had been put on the metropolitan gas com- 
panies, and after some Parliamen failures, that 
any settlement was effected by the Board between 
the consumers and those companies. The present 
action on the part of the Board is to secure an 
equally satisfactory solution of the water question. 
In the earlier regen aes they had only dealt with 
the purchase of the interests of existing companies, 
and the extension of their works, but later it had 
been determined to obtain an independent supply. 

The proposition is to provide, by means of wells 
and borings in the great water-bearing strata in the 
country districts round London, a supply of 
16,000,000 gallons per day, of pure spring water for 
a. pony and fire-extinguishing p > 

t was evident that this could not be obtained from 
the existing means, the chief sources at present 
being the es, Lea, and New River. Of these 
the two former are greatly polluted by sewage, and 
the third source is hard, and frequently contains 
organic matter. Equal difficulties arose in respect 
to a high-pressure supply by the existing companies, 
for supposing that the uired were ob- 
tained in the mains, the probable result would be the 
destruction of the + house fittings, which are 
necessarily too weak to sustain the hydraulic pres- 
sure which would thus bear on them to supply per- 
manent fire hydrants. 

With respect to the Bill for purchasing the interest 
of the existing companies, it was proposed in many 





ways to ameliorate the position of the consumer. 
being secured it was intended to 
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remedy the anomalies which now exist in regard to 
rating for water supply, and for otherwise regulating 
the supply, as the abolition of cisterns, provision for 
road watering, fire extinction, &c, 

In regard to the very important part of the ques- 
tion, the financial, the Board holds sanguine views. 
They can borrow the n capital at about 
34 per cent. The estimated capital required for the 
new supply would be about 5,500,000/. expended 
on reservoirs, plant, fittings, &c. It is expected 
that by this the saving on road watering would 
amount to 70,000/. per annum, on fire supply 
50,0002., bringing the total annual cost of the c 
supply to a net amount of 100,000/, or about a 

enny rate. 

As the Parliamentary notices for both Bills have 
been published we presume that there will be a hard 
struggle next session between the Board and the 
companies. Very likely the water interest will 
fight with the same tactics as were employed by 
their confréres in the gas interest, more especially 
as each has immense interest in Parliament so far 
as shareholders are concerned. But at the present 
day the unanimous desire throughout the kingdom 
for improvements in all sanitary matters, with the 
power of the oe and of the public, are sufficient, 
in the end, to break down the most powerful o i- 
tion to the promotion of the general welfare. 
years ago we heard Faraday remark, that it would 
take at least twenty years to bring about real 
sanitary reform. ‘That assigned period will end 
next year, let us hope that his vaticination may 
result in its fulfilment. 
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ey fe eee Shipping and Ancient Commerce. 
By W. 8. Linpsay. Four Volumes. London : Sampson 

Low, Marston, Low, and Searle. 

[ConcLUDING NOTICE. ] 

Since our last notice of this valuable work we have 
had to regret the death of its talented and inde- 
fatigable author. Although he had been confined 
to his house as a confirmed invalid for many years 
his intellect remained clear and vigorous to the last, 
and he had, we believe, other important additions to 
our naval literature in hand when he was suddenly 
taken away. He couldill be spared, for perhaps no 
branch of literature had been more neglected than 
that which Mr. Lindsay undertook and so ma- 
terially advanced by the work before us. 

We briefly alluded in our second notice to Mr. 
Lindsay’s account, at the end of his first volume, of 
the voyages and discoveries of Columbus, to the dis- 
appointments, the sufferings, and the death of the 
great navigator in 1506. ‘The second volume com- 
mences with the voyages of Vasco de Gama and his 
discovery of the route to India round the Cape, and 
his adventures extending from 1497 to his death in 
1524. The volume then followson with a recital of the 
other great discoveries which followed on in rapid 
succession, including the discovery of the Pacific by 
Vasco de Nunez de Bilboa, by crossing the Isthmus 
of Darien in 1513, the discovery by Magellan of 
the straits that bear his name in 1520, and the con- 
tinuation of the same expedition after the death of 
its leader until it performed the first voyage round 
the world, the voyages of Sebastian Cabot, and 
many others. We have not space to follow our 
author through the particulars of these daring ad- 
ventures, or dilate upon the respective parts played 
by the Spaniards, Portuguese, English, and others 
in them, but they cannot fail to interest all readers 
of these volumes. The discovery of America in its 
effect on the public mind of the period was almost 
like the creation of a new world, and the discovery, 
or as Mr. Lindsay says, re-discovery, of the route to 
India round the Cape of Good Hope was of vast im- 
portance to the nations of the West of Europe, the 
more so at the particular time, because the ancient 
routes by the Red Sea and the Persian Gulf were 
entirely in the hands of the Mahomedans, and had 
been practically closed to Christian nations for a 
long period. 

Mr. Lindsay is severe on the cruelties perpetrated 
by Vasco de Gama, and draws a marked contrast 
between him and Columbus, as will be seen from 
the following extract, vol. ii., 46: 

( Although the first voyage of Dom Gama may 

ad with satisfaction, no language can be found 
sufficiently strong to denounce his subsequent 
career, and especially his diabolical conduct towards 
the Moors and natives on his second expedition to 





India, And to that conduct, too faithfully adopted 
by his successors, may in a t measure be at- 
tributed the loss, as well asthe gain, of the Portuguese 
empire in the East. But though Dom Gama was 
a man of no mean abilities, and of indomitable 
courage, who evidently thoroughly understood his 
profession as a seaman, he cannot for an instant be 
compared, either as an individual or asa navigator, 
with his great contemporary Columbus. Dom 
Gama, in his voyage to India, had with him pilots 
who had frequently sailed along the western shores 
of Africa, and one, at least, who had doubled the 
Cape of Good Hope under Bartholomew Dias, while 
the crews of his ships consisted of his own country- 
men, and partly, too, of his own dependents. But 
Columbus was a stranger among strangers ; and the 
seamen who manned his vessels were altogether 
devoid of confidence in a commander into whose 
service they had been forced by the imperative 
order of their sovereigns. His voyages of dis- 
covery lay across unknown seas, amid a wilderness 
of waters, which both ancient and modern mariners 
had alike portrayed in the most gloomy colours ; 
and so far from having the benefit of the services 
of any pilot who had ever attempted to navigate 
that then mysterious ocean, most persons in his 
service considered the voyages on which he was 


y | about to embark as alike visionary and dangerous.” 


Peoples’ ignorance of the laws of gravity were 
indeed in those days so complete that, although the 
earth was supposed to be round, it was contended 
that even if it were possible to sail to the other side 
of it, it would be impossible to get back, because 
the rotundity of the earth would present a sort of 
mountain up which it would be impossible for a 
vessel to sail with the most favourable wind ! 

Following down the line of maritime discoveries, 
our author describes the voyages of Drake, Fro- 
bisher, Davis, Raleigh, Anson, Cook, and other 
British naval celebrities, and traces the effect of 
those adventurers on our maritime supremacy and 
the growth and extension of our vast colonial 
empire. From the time of Henry VIII. downwards 
Mr. Lindsay’s volumes deal more fully, though by 
no means exclusively, with the history of our own 
country and its commerce than in the earlier times, 
and this is but natural, because from about that 
period the growth of our naval power may be con- 
sidered to date. In reference to the resolve of 
that monarch to establish a permanent royal navy, 
he says: 

‘¢ Beyond the encouragement afforded by Henry 
VIII. to the development of the maritime commerce 
of his a England is mainly indebted to 
that monarch for her first organised royal navy. 
Though her merchants’ ships had hitherto been her 
chief means of defence from foreign invasion, and 
had played a conspicuous part in all her naval 
engagements, they were frequently dangerous in- 
struments during periods of peace, Commissioned 
in war ‘to burn, plunder, and destroy,’ they were 
with difficulty restrained from following similar 
avocations on their own account when peace had been 
restored. The patriot of to-day too often became the 
pirate of to-morrow.” 

Many illustrations of the truth of this are given 
in the accounts of the wars between this country 
and Spain during the sixteenth century, but we need 
not here dwell upon them. 

The colonisation of the North American conti- 
nent, our early establishments in India, the founda- 
tion of the East India Company, our struggles 
with the French and the Dutch, the war of inde- 
pendence of the American colonies, and the naval 
wars which followed the French Revolution, neces- 
sarily assume prominence in these volumes, and 
they are for the most part treated in a vigorous and 
judicious maar ly e author, Buta great deal 
of the interest of Mr. Lindsay’s work arises from his 
treatment of the growth of our navigation laws, the 
condition of our seamen, the state of commerce at 
several periods, and the extent and nature of our 
shipping, both in the royal and mercantile navies, at 

ifferent stages of our history. The author was an 
earnest a and his hatred of protection and 
restricted legislation is breathed throughout these 
volumes wherever an opportunity presents itself for 
an expression of the author’s own opinions. The 
views held by different nations in the early part of 
this century as to blockades, the right of search, 
the question whether the flag covers the merchan- 
dise, or, in other words, whether “free ships make 
free goods” are very fully set forth. The rights 


of neutrals contended for by France, Prussia, 
Denmark, Sweden, Russia, and the United States, 





—_ the leadership of Russia, are summed up as 
ollows : 

‘1, The flag covers the merchandise, that is to 
say no neutralship is to be searched for an enemy’s 
goods. 2. No merchandise is to be interdicted 
except contraband of war. This ‘contraband to be 
confined solely to articles made for the use of 
armies or navies, corn and naval stores not being 
included under this head. 3. Access not to be 
interdicted to any port unless it is Jdond fide 
blockaded. 4, No ships under regular convoy to 
be subjected to search.” 

How Pitt stood forward as the champion of the 
shipping interests, and England insisting on the 
right of search defied the mighty confederacy of the 
Northern Powers, and struck hard for her supremacy 
at. the battle of Copenhagen, is related by Mr. 
Lindsay with much force, and is worthy of careful 
consideration in connexion with that vexed question 
of the Declaration of Paris which so frequently 
crops up, 
he Chird and fourth volumes of this work are 
devoted respectively to our shipping legislation and 
to the rise and progress of steam shipping. They 
are valuable additions to the work, and the latter 

jially is a volume of much interest and value, 
which well deserves a separate notice. We should 
mention that the latter part of the second volume 
contains an interesting account of the earliest for- 
mation of wet docks and bonded warehouses, and 
sketches the history and development of those 
wonderful establishments and organisetions which 
exist in great ports like London and Liverpool, for 
facilitating the enormous import and export trades 
of this country. Our vast dock accommodation is 
chiefly the growth of the present century, although 
some of our docks date from a much earlier period. 
‘* So early as 1660 the Commercial wet-dock, on the 
Surrey side of the River Thames, was opened to 
shipping, and in 1662 the magistrates of Glasgow 
me aw the land on which Port-Glasgow is now 
erected, and constructed there a harbour and a 
aving dock ; but these were the only works of the 
d in any way worthy of note until an Act, 
in 1709, authorised the construction of a wet dock 
at Liverpool. Close upon another century, how- 
ever, elapsed ere the Act was passed which led to 
the construction and opening of the West India 
Docks of London. Nor had anything been done 
before that period to carry into effect the recom- 
mendations of Sir Robert Walpole, who, so far back 
as 1733, had strongly urged the desirability of some 
sort of warehousing system, whereby the duties 
levied upon imported goods might be collected so as 
tomeetthe convenience of their ownersorconsignees, 
and to protect the revenue.” A graphic picture is 
given of the state of lawlessness that prevailed 
about the shipping neighbourhoods at the beginning 
of the century, the construction of the later docks 
at London and elsewhere are trace, and an account 
is given of the extent of their accommodation, 
together with a notice of the bye-laws and the hy- 
draulic lifts, pilot boats, rates of pilotage, and other 
important items. 

y lines of inquiry are dealt with in these 
volumes beyond those we have been able to indicate, 
and the work as a whole will be a valuable addition 
to any library, and will prove of immense interest as 
well as value to all who are in any way engaged or 
concerned in shipping or mercantile affairs, 





Application of the Theory of Continuous Girders to 
ycononyy in eta Building. Proceedings of American 
Society of Civil Engineers. By C. Benpzr. 
The author discusses at considerable length and with 
great ability the much-vexed question, ‘‘ Does the 
application of the theory of continuous girders 
actually iead to economy in bridge building?” 
From the nature of the subject and the mass of data 
adduced it is difficult to do justice to the paper in a 
review. 

After studying the subject of continuity for 
several years, Mr. Bender found himself compelled 
to admit that the theory is not correct scientifically, 
and does not agree with the physical laws of elasti- 
city of iron, the hypothesis being uniform elasticity, 
whilst tests conducted by himself on many thou- 
sands of links for use in American trusses proved the 
modulus to range from 18 to 40 million pounds per 
square inch. Again, as treated in ordinary text- 
books, uniformity of section is assumed, though 
the problem is to find the most suitable areas for the 
different members, and this false hypothesis leads, 
in some instances, to an error of as much as 15 per 
cent. The author contends that the agreement of 
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per constitutes 


brief review that Mr. Ben 
which has ever 


haps the most determined at 
n made upon the position of E 
of continuity. Upon first reading it might be in- 
ferred that the author of the paper was of opinion 
that the principles involved in continuity are so 
essentially vicious that under no circumstances 
could they lead to any advantage, but Mr. Bender 
is far too experienced a practical man to have com- 
mitted himself distinctly to this position. 
that the general conclusions indicated by theory are 
only of limited application in practice, we need but 
substitute a rolled joist spanning two openings, 
say of 20 ft., for the 200 ft. trusses, and test the 
continuous joist by actual loading against a similar 
joist cut in two over the central bearing. An inch 
or two sinking of the centre pier or a hundred 
degrees variation in temperature throughout this 
joist would wholly fail to neutralise the superior 
wer of the continuous joist, 
rmanent way shows that the 
advantages of continuity may be entirely 
distinct from the theoretical advantages even when 
frequent bendings, a heavy rolling load and very 
unstable supports are in question. Similarly the 
lected mass of data acquired in 
shows that continuity of struc- 
ture in many instances is wholly advantageous, pro- 
re-entering angles and sudden changes 
in the stiffness of the parts be avoided, because, 
before the supreme moment of failure arrives one 
part of the structure comes to the relief of the 
ng to settle the question of 
ticity. It would not be diffi- 
cult to demonstrate in a perfectly satisfactory theo- 
retical manner that an ordinary bolt and nut is 
infinitely inferior to a simple cottar, because it is im- 
possible to insure each thread taking a p 
of the work. Indeed, in arguing for an 
continuity the question of materia! is too often 
ignored.. The engineer has of course as just grounds 
for timidity in the use of cast-iron continuous 
girders as of cast-iron bolts and nuts, but with 
wrought iron a much wider field is afforded for the 
Although, therefore, Mr, 
Bender might appear from the preceding abstract 
be an uncompromising adversary of 
continuity, there is ample evidence in the paper 
itself that he would give full scope to ‘“‘ the thinking 
bridge engineer, who in the school of practice has 
learned to sift rubbish, both analytical and graphical, 
from the few principles of natural er 

” to decide for himself w 
‘*the application of the theory of continuous girders” 
can lead to economy in construction. 


the measured and calculated deflections of executed 
continuous bridges does not, as has been often 
claimed, afford a sufficient justification for the 
acceptance of the ordinary theory, for the calculated 
deflections are generally erroneous from the influence 
of the web struts and diagonals being neglected, 
and consequently “if engineers assert that the 
deflections of their bridges agree with their calcu- 
lations, either the first were erroneously calculated 
or the second not well observed.” Since satisfactory 
experiments on finished bridges are wanting, it is 
considered that theorists are greatly to blame in not 
having paid more attention to the all-important 
question of the values of the moduli of iron and 



















Summing up the results of a large number of in- 
dependent experiments Mr. Bender concludes: 1. 
That plain iron and steel vary considerably in their 
moduli; single refined bars of iron of the same 
manufacture and section varying some 35 per cent., 
and double refined bars but little, except with an 
alteration in the section, when the range may be 
from 18 to 40 million pounds. 2. Rivetted bridges 
built up of numberless pieces must for obvious 
reasons show greater variations than simple bars. 
thesis of a constant modulus being un- 
founded, the theory built on it should be abandoned. 
‘That so many badly conceived continuous bridges 
do their work well, Mr. Bender considers to be due 
to their large factors of safety, and he instances as 
a case in point the Victoria Bridge in Canada, 
‘* which is made continuous simply by combining 
two single spans, whose greatest chord-sections 
are in their centres, whilst the 
according to theory, would 
sections are the smallest.” 
Mr. Bender did not consider the name of Stephen- 
son, engraven on this national work, a sufficient 
guarantee that no such unpardonable blunder as he 
implied had been committed, for upon inquiry he 
would have found that the girders were erected inde- 
pendently, andthatasa consequence beforecontinuity 
was established an initial strain occurred upon the 
central portions sufficient in intensity to entirely sub- 
vert the distribution of strains ordinarily obtaining in 
In the author's opinion the 
in Europe for continuous girder 
8 is really due to the mode of erecting by 
building on land and rolling into place, but he 
doubts whether this plan fully secures the fit of the 
superstructure to its bearings 
further claims that the disturbance of strains from 
the sinking of a pier, from the rays of the sun, and 
from the uncertain distribution of the reactions 
where two or more such systems are introduced, is 
so enormous as to almost justify the rejection of the 
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exercise of his discretion. 
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BOOKS RECEIVED. 


In order to test the practical effect of all these > tN : 
Artset Manufactures Chimiques a U Usage des Ingénieurs. 


disadvantageous conditions, a ‘‘simple method of 
cipal formule of continuous girders” 
by the author and applied in the in- 
stance of two 200 ft. railway spans, 14ft. between 
girders, and carrying a live load of 1 ton per foot 
run with a tensile strain of 10,0001lb. per square 
inch. The calculations are given in great detail, and 
as a final result show that the continuous girder re- 
uires 1141 1b. of iron per lineal foot, the indepen- 
ont girder with latticed posts 10631b., and with 
hollow ‘ Phoenix” columns 1017 lb. 
the best designed single span is 23 per cent. lighter 
than that of the continuous girder, though theoreti- 
is only 12 per cent. 
e corrections required in conse- 
uence of the varying sections of an ordinary con- 
tinuous girder, the Krementschug bridge over the 
Dnieper is cited. This work comprises two pairs of 
girders 34.5 ft. deep, spanning four openings of 
The calculation was based 
upon a dead load of 2480 Ib. \ and a live load of 
2400 lb, per foot and a strain of 8500 lb. per square 
By the ordinary theory the maximum moment 
over the central pier under full load amounted to 
12,300,000 kilogrammetres, but was corrected to 
14,420,000. In considering the irregularities caused 
in the strains of continuous girders if they do not 
fit their bearings, it is shown that in the instance of 
the 200 ft, bridge a settlement of the middle pier to 
the extent of one inch would increase the strains in 
the middle panels 9} per cent., whilst an undue 
elevation of the same amount would increase the 
strains over the pier 16 percent. 
are shown to result from the sun’s rays acting with 
unequal effect upon the exposed and sheltered 
members of a continuous girder. 
It will be gathered from the preceding necessarily 
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Frenca MegcuanicaL Inpustry.—The Fives-Lille 
Company, of France, has been sorely tried by the difficulties 
of the times. Thus the profi i 
15,6851., as compared with 30,8931. in 1875-6. Some im- 
vement is expected, however, 
ce-sheet for 1877-8, as} the company will pro 
some extent, by work which it has 
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THE PENNSYLVANIA RAILROAD, 


No. sania mtr First-Ciass PASSENGER 
ARS, 


Our two-page plate this week partially illus- 
trates a standard first-class a wen the 
Pennsylvania Railroad ; the publication of the further 
details will be made on ano’ occasion. The total 
length of the frame is 46 ft. 6 in., and its width 9 ft. 
4} in, It is carried upon two four-wheeled trucks, 
already described and illustrated (see ante page 366), 
and placed 28 ft. 1 in. apart from centre to centre. 
The framework of this car consists of a braced 
structure in which the sides form an important 
feature. The principal members consist of two 
sill timbers 8 in. by 5 in. running the whole length 
of the car, and placed 8 ft. 6? in. apart in the clear 
(see Fig. 2). e end timbers, the corners of 
which are rounded, are of the same scantling. The 
principal transverse framing occurs at the points 
wliere the cast-iron turning plates are bolted, which 
take their bearing on the truck. It is formed 
of two beams, one 7 in. deep, and the other 5 in., 
both being 14 in. wide. The lighter beam however 
only passes across between .the outer sills, the 
deeper one being placed between the inner longi- 
tudinal sills, which are parallel with the outer one, 
and are 44 in. wide, and7 in. deep. A pair of straps 
marked mm in the plan, Fig. 2, are stretched over 
the top of this middle transverse timber, and at the 
ends are attached to a coupled of tie rods which 
pass through the lower transverse beam, and are 
secured by nuts, the ends of the beam being cham- 
fered so as to secure a fair bearing, and washer 
plates being introduced. The space between this 
transverse framing for the truck bearing is divided 
into three bays, two of 10 ft. 43 in., and one of 10 ft. 
7} in. Transverse timbers 5 in. by 3 in., extend 
across and beneath the outer sills, while above 
these are lighter stretching pieces, placed between 
the four inner longitudinal timbers. Tie rods, as 
shown, run close beside these cross beams and are 
secured to the outer sills. As will be seen from the 
plan a system of diagonal horizontal bracing is in- 
troduced, there being five panels of this inthe whole 
length of the car. Thesectionand plan, Figs. 1 and 
2, show the bearing plate for the truck bolted in 
place, and the hole through which the pin passes for 
securing the truck. In addition to the main frame, 
there is an auxiliary frame at either end for carrying 
the Miller platform. This consists of four timbers 
5 in. by 3} in. or 4 in., carried back to the truck 
beams, and projecting about 2 ft. beyond the main 
frame; at their outer ends these timbers carry a 
beam shown in section in Fig. 1. The total width 
of these timbers apart is 4 ft. 11 in. outside, tho 
middle pair being 8 in. apart in the clear, and the 
outer ones 1 ft, 6 in. distant fromtheinner. Plank- 
ing is laid as shown upon these timbers, from the 
outer pair of which the steps descend leading to and 
from the car. To the end beams are attached the 
rails forming the platform guard, and two standards 
from which ‘rise to the projecting roof of the car. 
The hand brake gear is Pp here as shown in 
the plan. The steps on each side are three in num- 
ber, with 8 in. treads, and 104 in, risers; they decrease 
from 2 ft. 10 in, wide at the bottom, to 2 ft. 1 in. 
at the top, and rest upon cast-iron brackets bolted 
on the inner side to the frame direct, and supported 
outside by a light bracketed standard, descending 
from the underside of the frame and passing 
through the bottom step. The coupling, not shown 
on the drawing, will be illustrated afterwards in 
detail. Bolts 1 in. in diameter, and marked aa on 
the drawing, pass from the end beam to the main 
timber of the frame, and the platform timbers are 
bolted through to this beam as indicated. Besides 
the railing constituting the platform guard, which is 
2 ft. 1 in. high, with an open space in the middle of 
the same width to allow of passing from one car to 
another, handrails are attached to the ends of the 
carriage, near each set of steps, to assist passengers in 
leaving or entering. 

The only other features worth noticing in re- 
ference to the bottom frame are the cast-iron brackets 

laced at each of the four inner corners of the 
rame, and by which the longitudinal and transverse 
sills are still further sec together. The sides 
of the car are so built as to add very largely to the 
strength of the structure. Ata height of 6 ft. 103in. 
above the longitudinal sills, and 9ft. 3}in. a 
outside, two timbers 7 in. by 1}in. run the whole 
length of the car. At intervals of 1 ft, 10}in. in 
the clear, groups of posts, two in each group, and 
10in, apart, are placed between the longitudinal 
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sill and the upper timbers already mentioned, ‘These 
posts, which are 1}in. square, are mortised into the 
sills, and attached to the upper timbers, which are 

laced outside them, ‘The windows of the car are 
introduced in the spaces of 1 ft. 10}in. between the 
groups of posts, and each pair of the latter are 
connected and strengthened by light horizontal 
stretchers placed between, at intervals of 7Jin, above 
the main horizontal rail, which is placed 2 ft. 1 in. 
above the sill of the frame. This rail is 3 in. by 
4 in. and passes outside the groups of posts already 
described, ‘The space between it and the sill of the 
frame is divided into three parts by two other 
horizontal rails 2 in,,by 1} in., which ow in- 
side the posts and are bolted to them, Between 
the framesill andthe main rail an intermediate post is 
introduced between each group of pore running up 
tothe top timber, and diagonal bracing rods are 
employed between the rail and the sill tostrengthen 
the structure. These rods are twelve in number on 
each side, and are divided into four groups; the 
end pairs forming oan preape are placed so as to 
fall from the rail tow: the end of the ear, while 
the other four in each, group are directed towards 
the centre of the car, 'Cast-iron bearing blocks are 
introduced both on ¢he\top of the rails and under- 
neath the sills, for the adjusting nuts of these braces 
to take their bearing on. Posts 4in. by ]jin. are 
placed between the rail and the sill wherever 
these braces occur. In addition to these, vertical 
rods pass from the sill to the upper timbers, to 
which they are fastened by means of a soleplate 
and two bolts. . There are six of these rods on each 
side of the car. At a height of 2ft. 92 in. 
above the main rail, a moulded rail 3} in, deep 
runs horizontaliy from end to end, outside the 
groups of posts; this forms the moulding above 
the windows to be referred to presently. The 
clear space of 10} in, between this rail and the upper 
timber is filled in with a panel the whole length of 
the car. The end framing of the car is similar to 
that of the sides. We now come to consider the 
roofframing. In this car, as in all American rolling 
stock, the roof is made with a raised portion or 
‘‘dome” along nearly the whole of its length. The 
width of this dome at the bottom is 4 ft. 10} in., and 
its length is 41 ft, 8$in., as it is stopped short of the 
ends of the car by about 2ft. The sides of the 
dome slope inwards, so that its width at the top is 
4 ft. 2in.; the ends are vertical. It is based upon 
a rectangular frame of moulded timber 4 ft. 104 in. 
wide by 41 ft. 83 in. long, and the underside of this 
frame occupies a position 7 ft. 9 in. above the floor of 
the car. Itis supported by a series of half rafters 
curved to the form required for the roof, 24in. 
by 1}in, and placed 1 ft, 4$in. apart, with the 
exception that at six points in the car, these rafters 
are placed in pairs close together, One end is cut out 
so as to allow them to rest on the 7 in. by 1} in. 
timbers before mentioned, and the upper end is 
mortised into the base frame of the dome. The 
sides of the dome are 15}in. high, formed of two 
moulded timbers, the lower one 2 in. by 1} in., and 
the upper 5} in, by 1$ in. These are placed 7} in. 
apart and are connected. at intervals by vertical 
posts so as to leave rectangular openings 2 ft. 8 in. 
by 7} in. down the whole length of the car. Into 
the timbers forming the upper part of the sides of 
the dome, the rafters of the latter are halved. They 
are of the same scantling as the half rafters below, 
and are spaced | ft, 44in. apart, excepting that six 
pairs are placed closed together. The rectangular 
spaces in the sides of the domes are filled in with 
Swinging sashes and glazed. Ventilation is secured 
by means of them, ‘The roof, at the ends of the car 
are finished as shown in Fig. 1, the domes being 
extended in width equal to that of the car, and 
brought forward to overhang the platform. 

The floor of the car is formed of close planking 
1} in. thick, the ends being flush with the outside of 
the main longitudinal sills, and cut away where the 
side posts interfere, The outside appearance of the 
car is shown by one-half of Fig. 1. The sides, as 
high as the moulded rail running underneath the 
sashes, is close timbered with gin. planking, tongued 
and grooved. To break up the flatness of so large 
a surface, vertical strips are laid on at small intervals, 
and in the centre of the car there is an oval en- 
closure for its name and number, The window 
sashes have elliptical heads, and aré surrounded with 
moulded rails, the spaces between them, correspond- 
ing with the groups of posts in the frame, being filled 
m with sunk panelling. Theroof covering from the 
sides of the car to the base of the dome is of tinned 
sheets, and timber 3 in. thick tongued and grooved, 








and finished with a slightly proj 


i ing noaing, which 
constitutes the widest Rays of the car. The roof | 528 
e dome is 


covering of the top of also #in. thick, It 
projects about 9 in. beyond the sides of the dome, 
and is also finished with a nosing. A close board. 
ing runs underneath from this nosing to the 
side 


The internal finishing of the vehicle is shown by the 
longitudinal section, Fig. 1. From the floor level 
to a height of 11 in., a plinth of yellow,pine 2} in. 
thick is employed, and above this a lining of ash is 
used, extending nearly to theilevel of the-sashes. 
The bottom line of these is marked by ayprojecting 
moulding of cherry, and the mouldings ground the 
window are of ash, with intermediate.panels of 
maple, The whole of the lining up to the level of 
the roof is also of maple, the base of the dome being 
covered with a moulding of the same wood, Maple 
indeed, relieved with cherry, forms the chief lining 
material of the car. The head lining, however, is 
of painted canyas, stretched on suitable frames, 
and nailed up in place. As shown in the drawing, 
the sashes are g , and gan be lifted up and 
down, a spring stop being eh to arrest the 
sash.at any desired point. In addition to the glass 
there is a second sash filled with light louvre 
boards for use in summer. At one end of the 
car a water-closet arranged as shown in the plan is 
introduced. . The car is lighted by gas contained in 
reservoirs under the frame, three or more lamps 
being hung from the roof. The seats are’arranged 
transversely on each side of the car, so as to leave 
a central passage down it for ci ion. The 
frame of the seats are of iron and swing upon 
centres, so that. the seats can be arranged for pas- 
sengers to seat in groups of four vis-é-vés, or all in the 
same direction, ‘Lhe covering material of the seats 
is red or green velvet. Fifty-four ngers can 
find accommodation in this car. ext week we 
shall publish the detailed cost of constructing this 
car, and the quantity of materials employed, 





FOREIGN AND COLONIAL NOTES. 
Australasia Coal Company.—At the sixth half-yearly 
meeting of this company the discovery of a valuable coal 
seam was reported. The company’s mine is now estima 

to be able to yield 2,000,000 tons of valuable coal. 


Maryland Coal.—The shipments of coal from the 
Cumberland (Maryland) region amounted in the week end- 
ing September 29 to 43,227 tons. The total shipments for 
the year were 1,105,691 tons. 


The Upper Missouri and the Yellowstone.—A fleet of 
more than 30 steamers has been plying on the Upper 
Missouri and the Yellowstone during the } summer con- 
necting the Bismarck terminus of the Northern Pacific 
Railroad with Montana and with the military and trading 
postsand the mining “‘developments’’ through that extensive 
territory. Large quantities of merchandise and supplies 
are sent up these rivers, and in return furs and mining 
products are brought down for shipment to the eastern 
states. 


Health of Sydney.—In the quarter ending September 
30, 1877, the number of births recorded at Sydney, New 
South Wales, was 1618. Thedeaths registered in the same 
period were 895. 


A German Evxhibition.—The Society of German En- 
gineers has decided to address to the German Government 
a petition asking that a general exhibition of the arts and 
industries of Germany shall be held at Berlin in 1880. 


Indian Railway Extension.—Mr. Collet and a staff of 
assistants have commenced surveys for a new railway from 
Ahmedabad to Pahlunpore. The line, which is to be on 
the broad gauge, is expected to be completed within two 
years. 


The German Navy.—During the present year, eight new 
men-of-war have been added to the strength of the German 
navy. The Mucke, an armoured gunboat of 1008 tons dis- 
placement, with engines of 700 horse power indicated, 
carrying one 30.5 centimetre gun and protected by 8 in. 
iron plates, was launched May 7, 1877, from the yard of 
the Weser Shipbuilding Co: , at Bremen. A sister 
ship named the ion was launched May 18, 1877, from 
the same establishment. The Otter, a flat-bottomed gun- 
boat intended for service against pirates in Chinese rivers, 
was launched at Elbing, June 26, 1877. A twin screw 
armoured corvette, the hsen, was launched at Bredow 
from the slips of the Fslean Company July 21, 1877. The 
Bismarck and the Blucher, both built by the North 
German Company at Gaarden, near Kiel, were launched, 
the former July 21 and the latter July 26 1877. The 
Stosch, built by the Vulcan ‘gaged at Bredow, was 
launched October 8, 1877; and the Moltke, built by the 
German Government at Dantzic, October 13, 1877. All 
these four last-named vessels are sister ships, each of 
7398 tons ; they are armoured with 16in. iron plates and 
are armed with five heavy guns. 

South Australian Railways:—Railway works appear to 
be advancin eg in South Australia Upwards of 
100 miles of line have been we hee since the 
commencement of 1877, and 180 miles more will be opened, 
it is believed, before 1878. The totalexpenditure of South 


of the dome, for the whole length of the car. i. 





—_ upon public works for the present year has been 


The East River.—The work of the East River 
at Hell Gate, New York, is being on. 
Three i rocks from the 

‘or 
he rocks lifted by the dredges frequen 


tons to three tons each. 


German Armaments.—All the guns carried by phige of 
the German navy or mounted in fortifications on the shores 
of Germany are breec! ing rifled ordnance. The guns 
employed on board ship are 8, Aa, 4 17,,21, 24, 26, 28, and 
guns, ; again, there are 
two classes, istinguished as and the other as 
short guns, the ; ing a 22 times, and the 
latter one of only from 18 to 20 times their calibre. 
Asa rule long only are in the coast ies, 
the short ones ae emp. on board ship when the space 
reserved for the armament of the vessel is not sufficiently 
large to allow a gun of the same calibre to be con- 
veniently worked. the weapons of older pattern the 
grooves are much wider at the chamber than at the mouth 
of the piece ; but in the newer , where the projectile 
used is fitted with a copper ring, sides of the grooves 
are . The twist of the rifling is constant, excepting 
only in the short 17 centimetre gun, where it is increasing. 
Bridges on the Union Pacific.—The wooden bri on 
the Union Pacific Railroad are being replaced with iron 
structures. The largest bridge, that on the summit at 
Dale Creek, near Sherman, which is one of the largest rail- 
road bridges in the world, has been replaced by iron. 
Canadian Pacific Railway Surveys.—All Canadian 
Pacific Railway surveying parties east of the Rocky 
Mountains have closed operations for the season, and most 
of them have returned to Ottawa. ies em in 
British Columbia are also to cease work immediately and 
are to return to head-quarters. 


Prussian Coal.—The 'production of coal in Prussia in 
1876 amounted to 34,466,249 tons. 

Australian Tele hy. — Telegraphic communication 
between South Aus and the other Australian colonies 
pee cmd completion. The Western Australian portion 
of Perth and Adelaide line has been completed to 
within 14) miles of Eucla. 

American Cartridges for Europe.—The Bri 
Cartridge Works have been turning out of late some 700,000 

per day. ey have sui Russia with 
40,000, and Turkey with 70, ;_ they have also 
seeured an order for 80,000,000 from Italy. Russian 
and Turkish inspecting officers have been working side by 


ted | Side at the factory. 


Austrian Railways.—It is to expend 275,0001. 
pl pene ape yrs eee im Ansieie in 
‘ with a 


A credit of 450,0001, was opened 
object as regards the current year. 

‘American Coal Shipments.—TheKittanning Coal Com- 
pany of Pennsylvania is arranging to ship coal to South 
America direct vid the Ohio and the Mississippi rivers. It is 
thought that the shipments can be made at a profit. 

Kapunda and North-West Bend Railway.—The con- 
struction of this rag Australian line, ee | was com- 
menced some months since, is making ra progress. 
Messrs. Overend and Robb are the prea ry 


Railways in New South Wales.—The Commissioner for 
Railways in New South Wales has ted his annual re- 
= to the House of Assembly of that co It appears 
—< e wlan nih he ph ts oe 

es Oo! way open in the colony. e total expendi 
of capital up to the same period was 8,570,0001. 

Fortifications of Constantinople. —The land fortifications 
of Constantinople are now nearly completed. They include 
ating Gergeead ete eee 
armed wi rupp 9 whic y 
the civic guard of the capital. ; 


The Suez Canal.—The revenue acquired by the Suez 

Canal Company in October amounted to 99,6001. as com- 

with 93,945/. in October, 1876, and 99,0591. in Octo- 

r, 1875. The aggregate revenue acquired in the first 

ten months of this year was 1,088,2641. as com with 

994,868 in the corresponding iod of 1876, and 955,9391. 
in the corresponding period of 1875. 








Ransome’s AgririctaL Stonz.—According to the San 
Francisco Journal of Commerce the use of Ransome’s 
artificial stone is becoming greatly extended in the western 
capital. The material was introduced into San Francisco 
avout seven years ago by the son of Mr. Fred. Ransome, 
who now manufactures it on an extended scale. The 
Journal of Commerce says “it is much cheaper than 
common stone, and no expense of cutting need be incurred 
in connexion, inasmuch as it is cast in moulds of what- 
ever shape it is desired to be. It is thus especially adapted 
for ornamental work on churches, public buildings, &c. 
In proportion as its merits are becoming known it is ac- 
quiring rapid popularity, and will form an important item 
in the matter of building in this city in the future. 
other places where the Ransome stone can be seen are the 
First Congregational Church on the corner of Post and 
Mason streets, the balustrades, statues, pavement, and 
vases at the State Capitol, Sacramento, the Nucleus Build- 
ing, Market-street, next to the Palace Hotel, the coping, 
steps, &c., at Notre Dame Academy, the chimneys at t 
residence of Mark Hopkins, and the cement ornaments to 
Merritt’s Building, on the corner of Drumm and Cali- 
fornia streets, an . Artificial stone will be 
as common as brick in buildings in the future.’’ 
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THE KEELY MOTOR. 
WE quote from the New York Daily Graphic the follow- 
ing history of the celebrated Keely motor : 
Since the days of the South Sea Bubble, by which many 
thousand ruined, numerous j Pd = 


people were 
i himerical character have 
tors, and finally ex- 
ese 


most visionary and c! ra 
with more or less profit to the ori 


posed, to the greater or less loss of the credulous. 


Fic I. 


WHE 


a AAAI uM 


have generally been promulgated as new and wonderful 
inventions destined to revolutionise some particular in- 
dustry and afford ind an easy way to acquire a fortune. 
Charles Mackay has compiled a curious work upon this 
subject which he styles ‘“‘ Memoirs of Extraordina 
= gy Delusions and the Madness of Crowds,’’ in whic 
will be found some interesting accounts of human gulli- 
bility. There is nothing in his entire book, however, that 
equals the extraordinary and wonderful credulity displayed 
by the believers in the so-called ‘‘ Keely Motor,’’ which has 
gained great notoriety in the newspapers during the past 
six years. The interest displayed in this so-called inven- 
tion has been so great that a representative of The Graphic 
has been, for some time past, detailed to investigate the 
subject. Access to the working rooms of Keely has been 
obtained and accurate drawings of his several construc- 
tions have been made and are given for the edification of 
the public, in connexion with this article. Several of the 
most eminent mechanical engineers have been consulted ; 
among others, one who has employed by Keely to aid 
him and who does not hesitate to Soho the whole thing a 
deception, without any scientific merit whatever. The 
statements of these gentlemen will be found below, and 
form a complete history of this remarkable case. 

It is stated that as far back as 1871, John W. Keely, who 
was at that time a varnisher of furniture, on Market-street, 
Philadelphia, inserted an advertisement in a newspaper, 
claiming that he had invented or discovered a new motive 
power. This was said to consist of a hollow sphere which 
revolved rapidly, and as Keely declared automatically. As 
it was well known that Keely was not a practical mechanic, 
and had led a somewhat adventurons life, having been 
engaged in various pursuits, his statements were received 
with some cantion. The affair seems to have been a kind of 
perpetual motion scheme, and as it was of no practical 
use it soon lost its interest. 

The next thing — attempted, we are informed, was a 
hydraulic motor which he termed a “‘ pw neumatic 
pulsating vacuum engine.” In this he c imed that the 
only force exerted on the machine was water from an ordi- 
nary hydrant; that this water had to create a vacuum in 
the machine, had to actuate a ing diaphragm, had to 
operate a piston in a cylinder, to raise weights and to turn 
a haft, which in plain terms was to give out more 
power than the water itself . This scheme, based 
upon a contradiction of all physical laws, on examination 
by competent experts, was pronounced utterly fallacious. 
In fact, a well-known engineer, it is stated, went so far as 
tocall Keely’s ‘‘globe-motor’’ a trick, and the “ hydro- 
pneumatic’ ine a complete humbug. He also advised a 
number of capitalists who consulted him not to spend a 
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Cent on these schemes. This advice a | gladly accepted, 
although there were others not so prudent. oan mal 
on 


About this time Keely appli for a ; 
pe pneumatic” engine, the drawi or which were 
. At the request of his counsel the authorities dis- 
pensed with a model at first, but subsequently they of 
course demanded a com working model. It is the 
custom of the Patent ce authorities, whenever an ap- 
plication for a patent is of doubtful practicability, or 
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based upon what is believed to be a fallacy, to refuse to 
examine the case until a working model is furnished. This 
was never done in Keely’s case and the application for the 
‘* hydro-pneumatic pulsating vacuum ? was thereby 
under the law, abandoned as impracti 
Notwithstanding these two si failures of Keely, con- 
demned alike by the Patent Office authorities and respon 
sible scientists, he took a new departure and soon an- 
nounced that he had, at last, discovered a new motive 
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KEFERENCE. 
First multiplicator made by Keely. 
Figs. 2and 3. Keely'’s second machine. 
Fig. 5. Hydraulic pressure producer. 


power, which would entirely ey steam. — 
termed the ‘‘ Keely Motor,”’ evolved by ‘‘ expulsion from 
a peat an, uence generator” without the aid of “any 
chemical compound, heat, electricity, or galvanic action. 
The only means he employed, according to his own ac- 
count, was “‘the introduction of atmospheric air, a limi 
quantity of natural water direct from a hydran ; 
than the ordinary hydrant pressure and the machine 
itself, which is simply a mechanical structare.” By this 
simple proceeding he claimed to be able to send a train of 


Fig. 1. 


cars from Philadelphia to New -York, the scle er 
being a quart of water in his ‘‘ multiplicator,” w 
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duced a ‘‘ vaporic substance having an elastic energy of | 


10,000 Ib. to the square inch.” To develop this invention 
a company was formed, the stock being li 
for and Keely was told to go ahead. 
His first apparatus was the ‘‘ multiplicator or generator,”’ 
illustrated by Fig. 1, which he afterwards abandoned for the 
generator, of which sectional and end views are given 
(Figs. 2 and 3), and which was fitted up ata great expense. In 
fact, it is stated upon reliable authority that during the six 
in which Keely has been taking his machine apart and 
putting it together again without practical result, he has 
received at least a very large amount of money from the 
stockholders, as the capital stock of the concern is 1,000,000 
dols. In operating the machine according to the report of 
the Motor Company’s attorney, Keely attaches the pipe, 
shown at the right side of the second machine, “to an 
ordinary hydrant, having a pressure of 26 lb. to the square 
inch, having first blown from his lungs to the nozzle of 
the multiplicator.” This, Keely says, evolves a gaseous 
or vaporic substance which shows a pressure on the gauge 





of about 2000 lb. to the square inch. This pressure, how- 
ever, is pronounced ,by scientific engineers not at all ex- 
raor ,.48 a greater amount has been obtained from 
ordinary hydraulic presses. The so-called gaseous vapour, 
we are informed by scientific experts who have carefully 
examined the subject, is nothing more than compressed 
air, compressed by the hydrant pressure, which is made 
tremendously powerful by proper machinery. 
& The latest invention of Keely is described as follows : 

The machine, the parts of which are connected by a 
series of pipes, is composed of two wrought-iron vertical 
tubes strengthened by wrought-iron rings, and between 
these tubes there are three stands of pipes varying in 
height and position. To each of these a gauge is attached 
to indicate the water line, which gauges, during the ex- 
periments, showed the pipes to be Son one-fourth filled. 
In the centre of the machine are two spheres, and an air 
chamber is superimposed upon these, resembling the air 
chamber of an‘ordinary pump. Placed just between one 
of the wrought ring-bound tubes and the lower sphere is a 
lever actuating two plungers, with which the vibrating 
force is pon to the water and air. In some or in all of 
these spheres or tubes are placed perforated discs, situated, 
Mr. Keely says, at distances from each other in proportion 
to the size of the holes. They vary from the size of a 
knitting-needle to that of a pin point. Mr. Keely claims 
that the mysterious power appears to be generated by the 
vapour passing through these discs. He did not, however, 
explain the exact location of the dises, and therefore no 
intelligible idea of the machine can be conveyed. The 
machine “ve in all 21 tons and has # capacity of 
20 gallons of water. In the experiment, however, only 
about four gallons of water were used. The first test 
was with about 12 in. of water in the gauge and an air 
pressure of 2$1b. The mercury pressure gauge indi- 
cated 1900 lb. at 5 Ib. air pressure; 4500 Ib. at 64 lb. 
pressure ; while 7} lb. pressure showed 9700lb. Each of 
these results was obtained by one movement of the lever 
working the two plungers, and the action was instantaneous, 
Hapa Keily says, constnstvely soften - ne that 

is only compre: air or result of the agenc; 

of any known y A my pope 

Attached to the machine are two spherical 
chambers, in each or which are about two 
to assist as ing i i 

There never 


wer storage 
aking water-tight joi a wings | 
in m water- joints. 
g et been a public experiment tried with 
the motor in which this hydrant pressure was not relied 
on- In fact, as one expert well says: ‘‘ The actuating 
force of the Keely motor seems to be in the city water 
works. This is, of course, a source of t power, but it 
is hardly to be styled a new motor, while the idle talk of 
wibefoae of cars from Philadelphia to New York 
with a handful of water is as ‘ vaporic’ and useless as the 
vaporic substance of the Keely motor.” 


berally subscribed | 


| motive power. 





It has often been said that a serious error in regard to 
this ‘‘ wonderful invention”’ is the fact that the majority of 
those who have examined it have mistaken for 
Secret eer ar ee 

ow in the nozzle, turn a ’ ie gauge way 
shows a pressure of several thousand pounds. But mere 
pressure is not motive power; it is a resultant of motive 
—- Keely’s motor, according to reliable accounts, 

oes not possess any power whatever, and can never be 
applied to any practical use. The pressure is not con- 
tinuous and only exists for a short time, and the machine 
is not automatic in the same sense that a steam engine or 
other motor is. Keely has re romised to demon- 
strate by experiments the continuity of bis vaporic develop- 
ment, thus acknowledging that it has heretofore been 
restricted in volume. A ing, however, to reliable ac- 
counts, he has utterly failed to show it for more than fifteen 


| or twenty minutes at a time. 


Another thing which serves to greatly mystify those who 
have seen Keely’s ‘‘ multiplicator” is the complicated ap- 


pearance of the machine. It will be seen by our diagrams 
that the first one consisted merely of a spherical ball and a 
few pipes, but in the latter machines he has added innumer- 
able pipes, stop-cocks, &c., which are claimed to be of no 
real use. However, as they puzzle and confuse the best 
mechanics, who fail to understand the necessity of hav- 
ing a dozon stop-cocks and valves where one would 
seem to be enough, his p is doubtless served. The 
chambers and reservoirs of the machine are all of steel and 
cost a considerable sum to construct. They are apparently 
capable of resisting an enormous pressure. It is evident 
that they must be strong, as both hydraulic pressure and 
compressed air are very powerful. one of Keely’s re- 
ports it is stated that the ‘‘ vaporic substance’ was 
—— in about two minutes after the attachment to the 
ydrant was made. A flow of water from a hydrant under 
a pressure of 36 Ib. to the square inch for two minutes 
would easily exert the force n to obtain a 
restricted supply of compressed air with a@ pressure of 
2000 Ib. to the quare inch. A well-known expert some 
time since pans the following test of the motor to 
Keely, which was never vg oy Let a common turbine 
wheel be applied directly to the spout of the hydrant and 
let it be ascertained how high a given weight can be 
in, say five minutes, by the wkd y Then let the same time 
—five minutes—be expended in admitting water from the 
hydrant to, and in blowing into, the so-called multiplicator 
and in causing a s engine to raise the same weight. 
Keely claimed that his motor would revolve a flyw of 
200 pounds’ weight attached to an engine of 3-in. cylinders 
and 3-in. stroke, and such an engine was proposed for the 
test. A thorough test demands the same expenditure of 
time in both cases, but two minutes are consumed in gene- 
rating the pressure in the Keely device. Hence the little 
engine must, in three minutes, raise the same weight to the 
same height as the hydrant does in five, to render the engine 
of the same power as the turbine wheel. This would have 
been a fair test had Keely complied with it. Apart from 
the seeming fallacy of. the motor, the bad faith which it 
is claimed Keely has acted is said to be notorious. He is 
stated to have appointed meeti at which tests were to 
be made in the presence of olders, many of whom 
came from a distance, and then failed to do a © 
the same time making trivial excuses. This is said to have 
happened not once or twice but at least fifty times, while 
they have been blindly ing money without witnessing 
any result. In the meantime Keely, from being a poor 
chair varnisher, has made a good thing of it for himself 
and lives luxuriously in a fine house on a principal street. 
Less than two weeks ago a meeting was held at -Keely’s 
workshop, at which several prominent New York stock- 
holders were — After keeping them waiting until 
nearly midnight, Keely stated that he could do nothing, so 
that were forced to return as wise as they came. 








Should the motor turn out to be of the value at which he 
represents it, it is claimed that the stockholders would 
nothing, as it is asserted that Keely has sold the i 
over and over again to different _ . to the 
Philadelphia Public Record, the Patent Office books exhibit. 
no fewer than thirty-four documents relating to the 
transfer of interests in the following named inventions : 
‘Independent flywheel,” ‘‘hydro-pneumatic pulsating 
vacuo engine,” ‘“‘globe motor,” ‘“‘ dissipati engine, 
multiplicator or generator,” ‘‘ automatic water — 
first assignment is dated Ji 11, 1871, and the last 
sepiped tasleg this tits lo bedine or coiling emsein'? 

uring e in or 8 in in 
= sovenhion, and this does not include the subscribers to 
stock. 

On Tuesday night there was snother exhibition with the 
ne pment ‘* motor,” which is thus described by the 

orld: 

Mr. Keely made several experiments, which satisfied all 
present that a real power was in some way generated by his 


The results, however, were so varying and in— 


machine. 
consistent that they added to the difficulty of understand- 


ing the invention, which is no wonder, for Mr. Keely does 
not pretend to understand himself the power which it gene- 
rates. He says that by gi a vibratory force to any 
quantity of water he vaporises it, thus generating a vapour 
which certainly is neither ee nor oxygen, for but an 
pees gg, Monge > of ba eo 4. Fo gee = in the 
0 ion. r. Keely, before © accum 
quad , exhausted the air out of them, and arte ot 
or two strokes of the lever the chambers were with 
the vapour, as was indicated by the gauges attached to 
them. To these ‘accumulators two small engines were at- 
tached by copper pipes leading tothem. One of these was 
fitted with two vertical 3-in. | yg 3-in stroke, and the 
flywheel (weighing about 150 lb.) in the centre. ‘The other 
engine was a very quaint one of Mr. Keely’s own con- 
struction. 

The first engine developed a power of about five horses, 
but there was no meune ad talon icating it except by 
work. Thespeed of this engine was regulated as is that of 
an ordinary steam engine. Mr. Keely claimed that this: 
engine could be k running and would perform work 
equivalent to that of five-horse power for ten hours with the- 
amount of vapour in the accumulators. The exhaust-pipe 
from the engine was open in the room, and the was 
visible and condensed on the hand, like steam, but without 
the slightest degree of heat. 

An experiment which showed definitely the elasticity 
ans Seen. no ewes ane: che, woeeanen tar lever 

‘1180 Ib. to 


was employed. lever required a force of 
raise it, the uating lin 25. At the end of this 
lever a weight was sus of 56 lb., which showed a 


power of 2550 lb. to the square inch. The weight being re- 
moved, several tlemen caught hold of the ends of the 
lever and to their own satisfaction the elasticity of 
the power, for, being down, the lever returned to its 
posi ion instantan: 'y when released. That the machine 
a practical value those present seemed well convinced 
but several expressed the opinion that the motor still 
required considerable development to enable Mr. Keely . 
~ ere the seemingly inconstant results before re- 
e % 

The following are a few of the assertions made by Keely 
respecting his wonderful invention. They were u by 
him about two years since : 

** An ordinary ip can be run so fast with it that it 
would be split in two.’ 

‘* With these three agents alone (air, water, and machine) 
unaided by any and every compound—heat, icity, or 

vanic action—I have produced, in an appreciable time, 

a simple manipulation of the machine, a vaporic sub- 
stance, at one expulsion, of a volume of ten " 
having an elastic energy of 10,000 lb. to the square inch.”” 
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mr of so fine an order that it will 

Suter, tea By 

oe Son Se plosives known.’’ 

faitaly. this vapour capable of exerting power in- | 
Ately 


‘I once drove an engine 800 revolutions a minute of | 
40 horse power, with less than a thimbleful of water, and 
kept Voscueel staan days with the same water.”’ 
pyre. yt about 28,000 lb. to the square 
inch in abel of a gallon and a half capacity, and Sin. 
“* I experimented witha gun. The target was a 4in. plank 
against a steel plate. My vapour threw the ball with such 
tremendous force that it went through plank and steel, 
tearing the bullet in shreds.’’ 
cis nen tt mania, ; to rana train of thirty 


“‘Ttisa 
metal. It is 


constraction w 
elphia to New York, at the rate of a mile | the numerous cocks, &c., shown in the 


penetrate ja minute, with one small engine, 
more powerful than | all out of as much water as you can hold in the palm | 


and I will draw the power | 


| of your hand. 


» people have no idea of the power 
in water. A bucket of water has eo 


h of this vapour 


enoug 
| to produce a power sufficient to move the world out of its 


course.’ 
And ye: all the above assertions have met with credence. 
Keely’s personality has no doubt been of service to him. 
He is a tall man of imposing oe —_ hair and 
p recmer e  TO @ face teed endnote —? 
easant and plausibl: wp le ay ime dresses t 

wears handsome and jewellery. An resesfautisty and vapo 


ess shirt front. 
“y Indastrial Exhibition, in the fall of 
1875, Somme, Bailey, Farrell and Co. exhibited a pressure 


producer of their own ee bed eae 
K ntriv- | 


ances, and yet which produces the same results. They 
do not claim for it any merit whatever as a producer of 
motive power. An illustration is given of the — 
in Fig. 5. In a letter describing it, the man 


say 

if ‘The machine carries a cold vapour gauge marked u = 

| 5000 Ib. and @ gauge to register the water pressure a) 

and marked up to 70lb. ‘The pipe 1 is the. inlet for — 

SS from the city main ; 4 is the water outlet or waste mi 
the inlet for air; 3 is the outlet for air or 
vapour.’ Having the Keely contrivance fresh in our ey 

= prefer to rom S no statement in regard to the machine 

ver.’ 

When the pressure derived from the city reservoir was 
applied to this machine—a pressure of about 45 1b. to the 
inch—the vapour of an air gauge in a very few minutes in- 
dicated a pressure of 5000 lb. to the square inch. 
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HYDRAULIC MINING IN CALIFORNIA. 
By T. Eaueston, Ph. D. 
(Continued from page 354.) 

A LARGE and constant supply of water has of late 
years become such a necessity in the placer districts, 
that the greatest engineering skill of California has 
been concentrated upon bringing the water to the 
point where it is to be used. 





so asto have a constant supply, and distributing reser- 
voirs near the places where it is to be used, to supply 
the miles of ditches and flumes which carry the 
water to the various claims, These constructions 
have in some cases involved an outlay of 200,000 dols. 

The cost of these dams and reservoirs with their 
ditches, is often increased by accidents ; thus, at 
North Bloomfield, the Bowman reservoir was burned 
down, and cost 135,000 dols. to rebuild. The cost 








The first 
should have a full supply of water during all seasons 
of the year. If money can accomplish this object 
no expense should be spared, as the return for capital 


uisite in locating a ditch is that it 


invested in such works has always been large. There 
is no natural deficiency of water, but it is never in 
great abundance where it is wanted for working 
large claims, so that those companies who formerly 
depended on ditches alone, are obliged to lie idle 
during the summer months, If, therefore, by any 
outlay, or by engineering skill, a constant supply 
can be se , any expense will be justified. e 
summer supply is more important than it would at 
first seem, since under the great heat of the sun the 
water becomes almost tepid, the days are long, 
the workmen less exposed to the inclemencies of the 
weather, and on account of the heat the quicksilver 
acts much more readily, and the me of gold will be 
consequently much higher (for this reason alone) in 
the summer than in the winter. The natural ly of 


water is very variable, being constantly subject to 
maxima and minima, which represent long droughts 
or serious floods ; it is, therefore, necessary to build 
dams of thestrongest construction, to retain the water, 





of the constructions at North Bloomfield is given 
below : 


dols. 
Fifty-three miles of ditch 426,000 
Bowman reservoir iss iss ae 135,000 
South Lake dam ... ahi a68! | eet 5,000 
Waldron, Blair and Ruff reservoirs ... 18,000 
584,000 

Height of 
a Contents. 
ft. oF 

Bowman reservoir 96 1,000,000,000 
Rud: 000,000 


sien sittin” 535,000, 

This Bowman dam has in it 56,000 cubic yards of 
material, which weighs about 86,000 tons. The 
total cost of the whole reservoir, com of a 
series of dams, has been 214,400 dols. J. D, Hague 
gives the capacity of the following reservoirs : 


Cubic Feet ity 
French reservoir ... ‘woe 
Weaver Lake ca 100,000,000 
Fancherie ... pat ; a 58,800,000 


The whole object of the construction of these dams 
isto take in not only the running water supply but 
to catch all the water from rains and freshets, a 





| the line of snow should be avoid 





snows melting in the mountains, and store it in the 
spring and summer months for use during the season 
when no rain falls, Many of the large ditch com- 
panies have established a complete system of storage 
reservoirs, single companies sometimes storing in 
several of them over 1,000,000,000 cubic feet of 
water at a cost for water alone of 250,000 do!s, 

The dams are generally constructed at some 
point where the stream narrows, with heavy rocks 
on both sides. They are made of stone or of wood, 
that material being used which is nearest. When 
built of stone some of them are made of cut granite, 
and some of the heavy slates of the district ; the 
are put together without mortar, but are keyed, 
At Eureka the front wall is built of cut granite, the 
largest stones of which are about one-third of a 
cubic yard; at Meadow Lake they use pieces of 
schistoze rock weighing from 150 Ib. to 180 Ib. 
The stonework of the Eureka dam, built in 1857, 
forms about half the volume of the dam, the rest 
being composed of puddled clay and earth. The 
inside surface is inclined at 45 deg., and is 
covered with plank 8 in. thick, 6 in, to 10 in. wide, 
and 4 ft. 10 in, to 10 ft. long, fastened to beams 
10 in. square, of which there are 2700 running feet. 


The planks are caulked, and have a superficial 
surface of 1050 square yards. 
Height of dam ... ine ssi mr 69 ft. 
Volume of stones with wood ... s+ 800,000 cub. ft. 
Weight of the material 19,000 tons 
Pressure of the water ... Pe 6,300 ,; 


The outlet is built of cut granite blocks. The 
water is carried out in a flume 8 ft. 10 in. wide 
and 1 ft. 10 in. high, built of 2}-in. plank, sup- 
ported on beams 12 in. square, The whole sur- 
face covered by water is from one-third to one- 
half a square mile, and the capacity of the reser- 
voir is 450 million gallons. 

Wooden dams are made by cutting down the 
trees, running them from shore to shore, 6 ft. to 
8 ft. apart for a width of 40 ft. to 50 ft., then 
placing other trees at right angles to these, about 
the same distance apart, building up in this way 
a sort of crib, Where the trees cross they are 
fastened together with bolts. ‘The interval be- 
tween the trees is filled up with gravel and stones. 
The trees that lie parallel with the stream are 
always put in with part of their branches on 
them, the branches heading up stream, The 
arrangement should be made if possible so that 
the gate should be constructed in solid rock, and 
will be all the better if a ledge is selected through 
which a tunnel can be made for this p se, 
Some of these dams are 75 ft., 90 ft., and 100 ft. high. 
The dam is constructed at low water, and the ditch 
commenced immediately, The arrangements should 
be made so as to have the ditch on a lumber line, 
so that the timber which will be needed for it and 
the flumes can be floated down the ditch, and in 
this way save transportation. A portable sawmill 
is an indispensable requisite. 

In selecting the site for the ditch, one of the 
first things to be observed is that it shall have 
a full supply of water at all seasons of the year, 
and another is, that it shall arrive at the point 
where the water is to be used at the highest 
possible elevation. This has the double object of 
not only supplying the mines which are in view 
at the time the ditch is constructed, with water at 
a great hydrostatic pressure, but also looking for- 
ward to the possibility of other mines being esta- 
blished elsewhere to which the ditch company will 
in the future supply water. The whole route of 
the ditch should therefore be carefully surveyed 
with a view to keep it as far as ble in en 
banks. A grade of 10 ft. per mile ought to be 
established, as this has been found by experience 
in California to be the best on the whole, and 
the one which, while giving the a velocity, 
will endanger the banks of the dite the least. 
Ditches with a grade of 15 ft. to 20 ft. to the mile, 
delivering 80 cubic feet. per second, have been suc- 
cessfully operated, but this is exceptional. The 
grade once settléd upon, should be adhered to 
throughout. 

In the line of the ditch tunnels should not be 
considered to be an obstacle, and the ditch itself 
will be a succession of ditches properly speaking, 
of tunnels, of flumes, and of iron pipes. all cases 
, or if this is not 
possible, those points where the snow is likely to 
accumulate. the ditch must run above the snow 
line, provision must be made for protecting it either 
by snow sheds, or by covering it thickly with 
boughs on which the light snow rests, and over 


nd ‘which the heavy snows arch and support them- 
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selves. In selecting the ground through which the 
ditch is to pass, care must be taken to choose that Length Top o Bottom | Depth | Gost of | Average | Disch 
which is solid, and to avoid as far as possible all Name or Mine. o Ditch of of Ditch, | @%ade per|in Miners’ 
material likely to produce slides, It should not be Ditch * | Ditch. | Ditch. Mile. Inches. 
built upon very steep inclines, but should always be ae it. ft. tt. dols. ft. 
yaaes op a to be dt ‘smouge cwey frees the Wepe! Nest Bleqnéeld _. : 55 8.65| 5 | 35 | 422,000| 14 3200 
of the hill to have a strong body of earth to make! Milton Co. ... ns . 100 6 4 3.5 259,000 145 3000 
the outside bank perfectly secure. It may happen| Eureka Lake 4 ; 18 Me me ies 430,000 “5 2800 
that the nature of the ground will not admit of the} San Juan . s 45 on ase ee 293,000 a 1300 
outside bank being of earth. In such a case it will | Excelsior . i 83 8 5 4 ee 9 1700 

. . . nion id 2 o 15 8 4 3.5 13 1200 

generally be best to secure it with masonry, or if Boyer = ~ 15 8 4 3.5 13 1200 
that would be too expensive, to cut off the ditch and| gpring Valley* i ae 52 6 4 3.5 ns fs 2000 
run a flume, though this would be the most expen-| Hendricks ... o 46.5 6 4 2 136,000 9.6 a 
sive in the long run. La Grangef ... a 20 9 6 4 7.5 3000 


The selection of the site of the ditch requires the 
greatest engineering ability and judgment, since 
until the stream itself has tightened all the pores of 
the ground, it will always give a great deal of 
trouble at the best; and if sufficient care has not 
been taken in its construction, the repairs within a 
few years may amount to more than the ditch origi- 
nally cost ; and even then the defects of the original 
construction may not have been remedied. It is 
very poor policy to economise on the first construc- 
tion, for repairs will rarely make a good ditch out 
of one which was made poorly at first. 

It is always preferable to make the ditch deep 
rather than wide on account of the evaporation. A 
swift current through a narrow ditch will furnish the 
same amount of water as a slow current through a 
wide one, and has the additional advantage of 
keeping the ditch clear of snow, ice, or any other 
encumbrance likely to clog it. A ditch with a slow 
current would certainly become clogged by the 
falling leaves in qutumn and by the snow in winter. 
This rule, however, cannot always be followed if 
the ground above the rock is shallow. It may be 
that by coming too near the bed rock there will be 
greater leakage than evaporation, in which case a 
shallow ditch must be made, One of the most fre- 
) sources of leakage are the holes formed by 

ecayed roots, or the filtration of the water beside 
the roots left in the ground. It is therefore neces- 
sary that trees found on the line of the ditch should 
not be cut down, as they usually are, but they 
should be undermined, the small roots cut off and the 
tree with all its roots thrown down the side of the 
hill. The amount of water during the summer season 
is often reduced to nearly one-third of its normal 
quantity. This will arise either from evaporation 
or leakage, or from both ; it is, therefore, desirable, 
if possible, to avoid them; but as this cannot be 
done, all the small streams on the line of the ditch 
should be made to flow into it as tributaries, but 
where it is liable to be crossed by torrents it should 
be carried over the bed of these streams at a 
point sufficiently high to insure that the highest 
waters will not reach it. As the streams, with 
the dam supply, will be likely to furnish an excess 
of water during the rainy season, floodgates should 
be provided at fixed distances, which may be opened | 
to allow the excess of water to run off, so as not to 
endanger the ditch. They can be closed when the 
water supply is deficient. Thisarrangement will 
allow of rapidly repairing the ditch when a break 
actually occurs, as the water can be easily turned 
off from any section needing repairs. Overflows 
should also be provided, so that a slight excess of 
water may not damage the banks. All these water 
Outlets should be so protected that there will be no 
sage at any time of the water underminiug the 
banks of the ditch, 

The building of flumes or launders should be 
avoided wherever it is practicable, since these are 
not only likely to be destroyed by fire, but also to 
freeze in winter, Annexed is a Table giving the 

rincipal dimensions of some of the most important 

itches in California. The ditch is generally built | 
in sections, which must be connected as rapidly as 
possible, to be used for the transportation of 
material, 

Where the ravines which the ditch must cross 
are not too high, or where a long stretch of 
level ground must be traversed in order to deliver 
the water at a certain height, it is carried in 
launders or flumes which may be smaller than the 
ditch and of higher grade; or if they are of the 
same size, as there is less friction, of a little less 
grade. There are two general types of these 

umes. Fig. 6 shows a heavy structure near 
Smartsville, which is of much more costly construc- 
tion than those usually built. Lighter structures 
of a much cheaper form are seen at almost every 











ep in and about the gold and silver mines of 
California and Nevada, They are always objec- 





























* This has 3} miles of 30 in. iron pipe- 


tionable when they can be avoided, on account 
of the danger of their freezing in winter, and also 
because they are a constant souree Of expense. »As 
they are generally much smaller than the ditch, and 
are to carry all its water, they should be set on a 
grade of 30 ft. to 35 ft. to the mile, in as straight lines 
as possible. Where curvés are necessary they 
should be of very large radius. Launders and 
flumes are made of ]}in, to 2in. plank, 12 in. to 
18 in. wide. The seams of the joints are covered 
on the outside by strips 3 in. wide and 1} in. thick. 
They are supported every 4 ft. by a frame made of 
4 in. by 4 in. timber; the’ sills in the heavy flumes 
extend 18 in., and are braced to the side; the 
lighter ones are braced to the uprights, 

The greatest care should be taken with the foun- 
dations, and in placing the uprights, to see that the 
posts do not settle; they should be placed above 
the ground so that they should not rot. Nothing 


jis so prejudicial to the proper supply of water as a 


change of grade in the flumes resulting from 
settling. Where the grade changes, there the 
water is likely to freeze, and I have known launders 
in Lake Superior, owing to settling from careless 
construction, freeze solid in the winter and necessi- 
tate their being cut out for thousands of feet. 
Launders, especially as they are open to the effects 
of the winds upon all sides, are liable to freeze 
solid. 

In order to protect them against swaying with 
the wind, when they are very high, they should be 
anchored with wire rope. In all cases they should 
be in an open country if that is possible, as a pro- 
tection against forest fires; or where this cannot be 
done—whére there is danger from snow slides— 
they should be set as close to the bank as may be, 
so that the snow may slide over and not against 
them. Brushwood and other inflammable material 
should be removed as far as possible from their 
vicinity. Wherever it is possible to avoid building a 
flumesit should be done, both because it is liable to 
accided® ‘aia: ent repairs, the latter costin 
nearly doubl Of the repairs to the same Tength 
of djtéh, ind also because under the best conditions, 

ree from. ordinary accidents, they will not last 
longer than ten to fifteen years, This, is all. the 
more true in California, since most of these flames 
run dry during a certain number of months in the 


year; and it is a well-know, that wood that. is 
sometimes wet and sometimeg ill wr inti L 


shorter time than that which is always either wet or 
dry. The alternate expansions and contractions 
destroy the fibre of the wood, and start the nails 
and wedges. In order to avoid this it has been 
proper to make the flumes of sheet iron. This 
as not been tried to my knowledge to any great 
extent, and it would appear better to use pipes at 
once, notwithstanding the friction, than to use iron 
flumes, especially where the distance over which the 
water is to be conveyed is great. It would seem 
better in such a case to resurvey the ground and 
carry the water round in a ditch. There are points, 
however, where this cannot be done, and until 
timber becomes very ecarce in California, the use of 
iron flumes will not be likely to become general, 
since they will have to be transported in pieces, and 
put up on the spot, and will necessitate the use of 
all the timber which is now used in supporting the 
flumes. They would have to be coated with tar and 
kept constantly painted. In most cases where it 
might be desirable to use them, they would, in the 
end, probably cost more than the ordinary flume. 
The supply pipes are made of No. 12 to No. 16 sheet 
iron ; they are made in variable lengths, and rivetted 
together, when they are placed in position on 
the ground. The length first adopted was the 
“box,” or 12 ft., but they are now usually made 
15 ft. to 20 ft, long. Such pipe replaces almost 


+ Most of this ditch is hewn out of granite. 


al , in the west, the cast-iron pipes which are 
so much used in our eastern cities, ‘These pipes are 
very light; when they are to be moved it is only 
necessary to eut off the rivets and take up the 
sections and place them in their new position. The 
facility of being moved is of great importance, 
though not sonecessary with the supply as with the 
feed pipes. When they are to be mended, the 
section is taken out and a new one putin. Extra 
sections are always kept to make the least possible 
delay. ‘These pipes stand a very heavy pressure, 
They deteriorate more frequently by collapse than 
by bursting. The general diameter of the main 
supply pipe is 30 in. or more, and they are always 
ont to cross valleys that would be too deep for 
flumes. It is sometimes not desirable to carry a 
flume across certain = _ inexpedient Ss 
carry the pipe as a syphon, such a case as at the 
Columbia’ Hill “igelie, the pipe is carried over on 
frames built like a flume with only a floor anda 


ya ye 

he city of San Francisco is supplied by the 
Spring Valley Water Company, which has 17 miles 
of 30in. rivetted wrought-iron pipe, which carries 
the water across depressions of 150 ft., 200 ft., and 
250 ft. in vertical height. A 30in. pipe 14,000 ft. 
long was laid by this Seen & 1870 across a 
valley nearly a 1000 ft. deep. such a case the 
water nea discharged into a head box at a point 
high enough above the discharge level to.give pres- 
sure sufficient to overcome the frictigne) The 
resistance of the friction ofthe pipe of the Spring 
Valley Mining Cer ‘the . west branch 
of the North Fork of Feather River, in. Butte 
County, has been calculated to be equal to 20ft. 
of hydrostatic pressure. The dimensions’of this 
pipe are given below : 


Length of pipe ... . oie By. 
Diameter of pipe a tad wh 
bier sg height above the lowest 
heey ht shew wie i dis- 
ce a poin 
Greatest height to which the water 
Dimension of Iron Pipes, as given by Mr. Bowie. 

















Tensile 
“Number of in|Pressure in|Strain per 
Sheet Tron. | in Inches. | Feet. Pounds. | S _ 
Ue ch. 
Ib. 
14 .083 170 74 13,374 
12 109 288 125 17,202 
ll .120 293 127 15,875 
10 134 355 154 17,240 
*s 187 435 188 15,080 
4 .250 594 257 15,120 
ts ‘312 842 965 | 17,549 
+ 375 887 384 15,360 








The supply pipe discharges into a strong head box, 
Fig. 7, which is usually about 8 ft. deep. An iron 
grating should be placed at this point to keep out 
any floating materials. There must be about 5 ft. 
or 6 ft. of water over the outlet pipe. 

(To be continued) 





THE PARIS EXHIBITION.—No. IX. 
THE Foreign SECTIONS. 

As soon as the scheme of the Exhibition was 
organised, foreign Governments were invited by 
France to co-operate in the undertaking. This 
invitation, generally well received, was met never- 
theless in certain countries with some objections. 
Courteous answers were, however, universally re- 
ceived, the question of participation being reserved 
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until the project should have taken a more definite 
shape. After the publication of the general rules, a 
plan of the proposed Exhibition was sent to all 
countries invited, with the request that delegates 
should be appointed. ‘The western half of the 
Palace, that nearest to the Avenue de Suffren, was 
allotted to the foreign sections, and a preliminary 
distribution of space was made. The point of de- 
ure in this allotment was the space occupied in 
1867, for the Palace as well as for the Parks, and for 
each of the countries participating, the spaces being 
in the proportions of the surface covered in 1878 and 
in 1867. In determining the order of succession 
to be observed by the various countries, especial 
reference was made to the general effect of the 
typical facades, which the various countries’ were 
bound to erect’ for the decoration of the avenue 
separating the Fine Art Galleries from the Industrial 
Halls. As already stated, these facades were to 
comprise characteristic specimens of ancient or 
modern national architecture. This first arrange- 
ment was naturally subject to modification. After 
extended negotiations, the arrangements’ have 
been definitely completed, and these are based of 
the original intention, but every nation exhibiting 
finds the space allotted considerably less than it 
required and wished for. <A series of circulars‘and 
printed instructions detailed the various measures of 
the general organisation; these we have already 
dwelt upon. Drawings and lithographs were pre+ 
pared and distributed, of such parts of the Palace 
and of its construction as were necessary to give the 
information required for the foreign installation and 
internal arrangements, as well as instructions on the 
general scheme of decoration to be adopted in the 
Palace or Parks. We willnow proceed to comment 
on the part taken by the various foreign countries. 

1. Germany.—From the commencement the Ger- 
man Empire, without absolutely declining the invi- 
tation made, showed itself distinctly inclined to 
refuse co-operation, This refusal became definite 
after an inquiry of the Chambers of Commerce of 
the principal centres of German industry, and at 
the commencement of the year 1877 the space 
offered to Germany was divided amongst other 
powers. This determination of Germany to ab- 
stain from exhibiting, however much it may be 
regretted, cannot be wondered at, considering the 
depressed condition of trade in the country, and the 
apparent inability of German manufacturers to ex- 
hibit, as illustrated in the display made by them at 
the Centennial celebration of 1876. 

2. The United States.—The participation of the 
United States of America is not yet officially an- 
nounced, but it is almost certain that the necessary 
credit will be voted by Congress. A very general 
desire to exhibit manifests itself among American 
manufacturers, and doubtless they will exert the re- 
quisite pressure to insure the representation of the 
country at the Exhibition. 

3. Zurkey.—The present position of affairs in 
Turkey will doubtless prevent any considerable 
display ; many exhibitors, however, have applied 
for space from the Asiatic Provinces, 

4. Brazil.—No definite reply has yet been ob- 
tained, and it is to be feared that the delay will 
result in entire absence of this country. 

5. Great Britain and Ireland. —'The English 
section was, at the first distribution of space, the 
most favoured. Events have justified the allotment 
then made, and since Great Britain has been 
Officially represented in France, the importance 
which she attaches to a successful representation at 
the Exhibition becomes daily more manifest. The 
President of the English Commission is the Prince 
of Wales, who has not accepted this position 
merely to honour or give strength to the Commis- 
sion, but who is in reality a working president 
whose services have the greatest practical value, 
apart from the influence and honour he brings to 
the Commission. The secretary of the Commis- 
sion is Mr. Philip Cunliffe Owen, C.B., so long 
and favourably known in connexion with interna- 
tional exhibitions, and whose name is a sufficient 
guarantee to exhibitors that their interests will be 
carefully watched, and their requirements fully 
attended to. In justice to Mr. Owen we may add 
here, what has been remarked to us by the pro- 
moters of the Exhibition, that the intelligent and 
sympathetic activity of this eminent organiser, 
and the courtesy which he has continually shown in 
his relations with the French Commission, have 
removed all the difficulties — neither few nor 
small—which stood in the way of English exhi- 


exceeded all anticipation, and large additional con- 
cessions were made in the Park, where, as we have 
seen, important annexes have been erected. The 
English facade in the avenue will, with its build. 
ings, be of the richest and most interesting character, 
and the Prince of Wales, desiring to aid practically 
in the success of the Exhibition, has consented to 
lend his Indian collection, for which purpose, as well 
as for the general exhibits of the Indian Empire, 
one-half of the Grand Vestibule facing the Seine has 
been placed at the disposal of this coun It is 
needless to add that this vestibule and the dome 
belonging to it will form one of the great attrac. 
tions of the Exhibition. Under the superintendence 
of so active, able, and experienced a man as Mr. 
Owen, and with the aid of Dr. Anderson, the pre- 
paratory works of the British Section have been 
pushed rapidly forward, and are now more advanced 
than those of any othersection. .Theaddress of the 
British Commission in London is.Canada-buildings, 
King-street, Westminster. 

6. Belgium.—This country has shown itself from 
the commencement as favourable tothe undertakin 
‘as Great Britain. The Belgian’@ommission, pli 
‘under the honorary presidency’ ofthe Count of 
Fianders, has for acting p ent’ the Prince de 
'Cdramsan-Chimay, Governor of the Hainaut Pro. 
vinces. In this case also the application for space 
‘exceeded the allotment, and further concessions had 
to be made of space in the Park, where large annexes 
will be erected at the expense,of the exhibitors, 
The energy of the Belgian Commissioners has been 
unceasing, and manutacturers, ‘agriculturists, and 
artists have combined in great: mumbers to make an 
extensive display. 

7. Holland. — Holland must also’ be reckoned 
among the countries which have from the commence- 
ment earnestly and frankly supported the Exhibi- 
tion. Constituted under the-presidency of a printe 
of the royal family, the Commission includes among 
its members many of the most distinguished men of 
Holland. The Commissioner-General at Paris is M, 
Martin Coster, Consul-General. 

8. Sweden and Norway.— These two countries 
signified separately their cordial adherence to the 
project. Their respective Diets voted important 
credits, and the Commissioners appointed—M. Dan- 
feld for Sweden, and M. Christophersen for Norway 
—will work together at the space awarded jointly 
to the two countries, 

9. Austria and Hungary.— The co-operation of 
Austria and Hungary was only obtained after con- 
siderable difficulty. The Government, which was 
favourable to the scheme, found a strong opposition 
in Reichsrath, which was overcome only by the 
pressure of public opinion, and the influence of the 
Government, Finally the space allotted was de- 
clared insufficient. Demands for further space were 
presented by the Austro-Hungarian ambassador, 
the Count de Wimppfen, by Dr. Walcker de 
Moltheim, Consul-General at Paris, and by the 
special delegates sent from Vienna, MM, Korompay 
and Kanitz, To satisfy their demands it was neces- 
sary to sacrifice the intended garden in the middle 
of the Palace, and to obtain important concessions 
of space from Spain, concessions which were granted 
with a good grace. 
comply with the fresh demands for more space, 
which refer chiefly to the Fine Art Buildings. 
Meanwhile the Austro-Hungarian preparations are 
being rapidly pushed forward, and there is every 
reason to believe that this section will be one of the 
most remarkable in the Exhibition. 

10. Russia.—The Russian Governmemt signified 
an early and warm approval of the Exhibition. The 
Commission appointed in October, 1876, has for 
President M. de Borotowski; it is represented in 
Paris by M. Robert de Thal, Councillor to the 
Legation. The difficulties about insufficient space 
were equally to be encountered in this case also, but 
these were arranged without, however, the full de- 
mands of Russia being complied with, In spite of 
the present war nothing has occurred to detract from 
the energy or sympathy shown by this power from 
the commencement. J 

ll. The Swiss ae, sores BP question of 
finance entered very largely into the considerations 
of this country when deciding whether it should 
take part in the Exhibition; now, however, all 
hesitation is removed, and a vote of the Federal 
Assembly has secured all the credits which were de- 
manded by the Government. The preparatory 
works at the Exhibition are in full activity under 
the direction of the Commissioner -General M. 





bitors. The demands from England for space far 


Guyer, assisted by the Councillor to the Legation, 


At present it is impossible to, 


M. Lardy, who rendered prominent services in 
securing the vote of credit of the Federal Assembly, 
12. Italy.—Italy, like Russia, decided to partici- 
pate in the Exhibition at the commencement of the 
scheme. The delegates, MM. Ellena and Basile, 
visited Paris a year ago, to obtain the information 
necessary for the organisation of the Italian Section, 
and since that time the work has proceeded without 
interruption, The Chambers voted by a large 
majority the credit asked by the Government, 
Committees were formed in all the provinces to 
encourage and receive applications from intending 
exhibitors, and at the present time the news from 
Rome’'shows clearly that Italy is seriously determined 
to avail herself of the present opportunity to exhibit 
tothe world the progress she has made since her 
unity was established and her capital reconquered., 
An elegant facade in white marble, forming an 
example of the purest modern architecture, will 
decorate the'Italian Section in the avenue. 
dsguma te pale Ste. meerocnment is ae 

I _ to participate \in xhibition, e 
Commissioners delegated. are\MM. Delyanni and 
Nicolaidi; who are now, “@eoupied in pre- 
paring for their 1 Tt’\'is hoped that 
the ee alld 
tion some ‘of objects of antique art: i 
ge me ver which he rules ©" 

ere oe making ‘very serious’ 
tions forthe Exhibition, in which its Govern 
tends to participate with’ crédit. | . choice 
President of Commission, Don d’Assi 
of the Commissioner-General; M. de’ 
sure guarantees of the value which the Government 
of Don Alfonso attaches to the Exhibitiony’ ‘and the 
important credits opened to the Commission by! the 
Cortes, leave no doubt of the success which will 
‘attend the Spa ya EERE 
s“promises: also” to 

"a recent visit to 
Paris the delegate Commissioner, M. Vasconcellos, 
made all the definite arrangements in concert with 
the General Commission, and he has confided to one 
of the most eminent Parisian architects the construc- 
tion of the facades in the avenue, which will show a 
type of Portuguese architecture. 

16. African States—The Mahomedan States on 
the borders of the Mediterranean are committed in 
various degrees to figure at the Exhibition. Whilst 
the Government of King Scheriffienne recalled 
spontaneously a first refusal, and consented to con- 
fide to Europeans the organisation of the exhibits of 
Morocco, the Bey of Tunis made from the com- 
mencement arrangements to participate on a sarge 
scale. The Khedive of Egypt, in spite of the 
Eastern complication, has charged M. Mariette Bey, 
the eminent director of the Bo museum, with 
the organisation of the exhibits, which will occupy 
a special monument, copied froma temple of Ancient 
Egypt. This exhibition will be of high artistic and 
archeologic interest. 

17. Asia.—The extreme East is preparing for an 
unprecedented participation in the Exhibition of 
next year. For the first time in a European ex- 
hibition, China will figure largely (it will be re- 
membered that this country was prominent at 
Philadelphia). The empire will be represented if 
not by native ministers, at all events by foreign 
members of the Government. Mr, Robert Hart, 
inspector-general of taxes, President of the Com- 
mission, nominated by the Emperor, has at his dis- 
posal unlimited credit for doing justice to Chinese 
exhibitors. 

Japan will be represented, we believe, by a Com- 
mission composed entirely of Japanese, with the 
exception of Mr. F, Owen, son of Mr, P. C. Owen, 
Judging from the magnificent display made by this 
country at evageres there is no room to doubt 
that its exhibits at Paris will command the admira- 
tion, as well as the interest and curiosity, of all 
visitors. 

The Shah of Persia, who has signified his intention 
of again visiting Europe next year, proposes to 
make a distinguished show. He some time since 
sent to Paris, Persian architects and workmen, who 
have now nearly completed in the gardens of the 
Trocadéro the pavilion intended to contain the 
exhibits of the qountet We notice that a contem- 
porary has mistaken this pavilion for the Algerian 

, which is only just commenced, and which 
will be, it is needless to remark, of a totally different 
design. 

Siam and the Burmese Empire have promised to 
contribute interesting examples of the industry of 













the Indo-Chinese Peninsula, 
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18. America.—Central and South American States, 
with the exception of Mexico, with which France 
holds no diplomatic relations, have formed a syndi- 
-_ to defray jointly the cost of decorating the 

pace allotted. to them, ‘and of exhibiting. Other 
small states will also be represented. The most in- 
teresting among these will be the young republic of 
Liberia. 

It ap , then, that one nation only—Germany 
—has distinctly refused to participate in the ap- 
proaching Exhibition, All the other powers have 

eagerly seized the opportunity which was offered 
them, demonstrate their interest in industry and 
art. spite of the absence of Germany, the 
—— _R f of the Palace of the Champ de Mars is 
entirely insufficient to accommodate the foreign 
sections, which will, as already said, occupy nu- 
merous annexes on both sides of the Seine. 

In the midst of the critical events which preceded 
and accompanied the war in the East, France has 
thus received almost unanimously from the powers 
the fullest testimony of their estimation of her 
position among nations, and she may feel justly 
proud of the homage thus paid to the spirit of order 
and of industry she has developed with such unpre- 
cedented success during the past seven years. e 
internal complicatiobs which at present disturb the 
even current of her progress, are not likely to 
endure, still less to affect the triumphant conclusion 
of the great work to which she has so successfully 
addressed herself. 

To ae this notice of the foreign sections, 
we append a list of the various Commissions which 
have been credited by their respective Governments 
with the representation of their countries during the 


Exhibition, 

AUSTRIA.  pemeane. 

S.A. the Archduke Charles Louis, Patron. 

His Excellency the Chevalier de Chule, Minister of Com- 
merce at wang President of the Royal and Imperial 
Comm 

Dr. Walcher de Moltheim, Councillor to the Imperial and 
Royal Consulate, 21, Rue Lafitte, Paris, and 4, Herren- 
gasse, Vienna, acts as Commissioner Delegate. 

a. i Korompay, Vienna, Chief Architect. 

T. Kauser, Pesth, Chief Architect. 

Mr. Ernest Pontzen, Vienna, Engineer. 

Beierum. 

§.A.R. the Count de Fenton, Honorary President. 

Governor of the Province of 

uais, Paris, President of 


he Ro 
Count a aOcinemenh, Commissioner 
M. Charles Evrard, 118, | da Nord, Brussels 
the Commission), 


(Office of 
M. Taulet, Brussels, Architect. 
M. Carez, "Brussels, "Engineer. 
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CHINA. 

Mr. Robert Hart, Inspector-General of Euro 
in China, Pekin, President of the Chinese Im 
mission. 

Mr. James Hart, a a ag of the European Customs 
in China, Londonj; Mr. Duncan Campbell, Com- 
missioner of the Euro Sectenel in China, 8, Storey’s 
Gate, St. James’s Park, London, 8.W.; M. A. Novion, 
Commissioner of the Euro: European toms in China, 25, 
Rue d’Antin, Paris, and 60, Grand Rue Enghien—Com- 
missioners Delegate. 


DENMARK. 

S.E.M. Count Holstein, Holsteinborg, Grand Chamberlain 
of the Court, late President of the Council, Copenhagen, 
President of the Royal Commission. 

Mr. Wolfhagen, Chamberlain of the King, ex-Minister, 
Cope: M. Paul Calon, Danish Consul-General, 
53. R Rue "Hanteville, Paris—Commissioners Delegate. 

Professor d’ Ahlerup, Copenhagen, Architect. 


SPAIN. 

Don Francois d’Assise, 7, Rue Lesueur, Paris, Royal 
Commissioner, Honorary ’ President. 

8.E. the uis de Cabra, Madrid, Vice-President. 

S.E. Don José Emilio de a = to the Cortes, 
Madrid, at — 41, uséjour, Commis- 
sioner Dele; 

S.E. Don A. ie "Vallejo | er al 12, Place Vendéme, 
Paris, Commissioner and 

M. Villajos, Madrid, Architect. 


GREECE. 

M. Theodore Delyanni, ex-Minister, Athens, President of 
the Royal Commission. 

M. N. P. Delyanni, First Secretary of the Grecian Legation, 
11, Rue Vezelay, Paris; M. B. Nicolaidi, Chief of te 
Battalion of Engineers, 14, Rue d’ Aatin, Paris—Com 
missioners Delega: 

M. Paul Bénard, 9, 4 > du Cirque, Paris, Architect. 


Great BRITAIN AND IRELAND. 

H.R.H. the Prince of Wales, Marlborough House, London, 
President of the Royal British Commission. 

Philip Cunliffe Owen, Esq., C.B. Canada-buildings, King- 
street, Westminster, London, Secretary. 

Dr. Anderson, LL.D., Superintendent of the Machine De- 
—_ 

B. Brandreth Gibbs, Superintendent of Agri- 
a 2. and Horticulture es 

Gilbert R. Redgrave, Esq., C. E., Architect. 


Customs 
perial Com- 


Iraty. 
M. le Commandant Ellena, of t the Chamber of Agriculture, 
Commerce and Industry, Rome, acts as . 
M. le Commandeur J. B. F. Basile, Professor of hitec- 
ture at the Royal University of Palermo, Architect. 


Jap 
M. Nakano, Japanese Envoy. 75 75, Avenue Josephine, Paris, 
aha © 


S.A.R. Princo Willin a Frederick Henry, of Holland, 
ident. 

M. Antoine Pescatore, Mig mates ek of the Chamber of 
Deputies, Luxembourg, President of the Commission. 





; 
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| M. Tony Dutreux, Civil Engineer, Luxembourg, Commis. 


sioner-General. 
M. _o Vandoyer, 76, Rue Blanche, Paris, General Archi- 


PRINCIPALITY OF Monaco. 

Marquis of Maussubré-Benvier, Plenipotentiary of S.A.S. 
the Prince of Monaco, 56, Rue Basse du Rempart, Paris, 
Commissioner-Gen 

M. Bertora, 56, Rue Basse du Rempart, Paris, Commis- 
sioner Delegate. 

M. Janty, 28, Rue St. Denis Colombes (Seine), Architect. 


REPvUBLIc or St. MaRIn. 
The Duke de Bruc, Envoy of the Republic of St. Marin, 
39, Rue Pergolése, — Commissioner-General. 
Baron Morin de brier, Consul-General of the Re- 
public of St. Marin, 24, Place Vendéme, Paris, Deputy 


Commissioner. 
M. Alfred Vandoyer, 76, Rue Blanche, Paris, Architect. 


Morocco. 
M. Golldammer, Merchant, 6 and 8, Rue des Petites Ecuries, 
Commissioner. 
HOoLuiAnpD. 
§.A.R. the Prince Henry of Holland, Hono President. 
The Chevalier G. T. G. Klerck, ex- Minister, President of 
the Royal Commission of the Netherlands. 
M. Martin Coster, Consul-General of Holland, 54, Avenue 
Josephine, Paris, Commissioner Delegate. 
M. Van Dey Brink, La Haye, Architect. 
PORTUGAL. 
S.M. King Don Fernando, President of the Royal Com- 
mission. 
Councillor Rodriga de Moraes Soares, Director-General of 
Commerce and Industry, Lisbon, Vice-President. 
M. Francisco Antonio de Vanconcellos, 32, Rue St. Joao 
dos .y-~% Lisbon, Secretary. 
M. T. yo of the National Library, 9, 
Badlevard des de Sebastopol, Paris, Architect. 
Rossi. 
8. = M. aah Borotowski, Fg haw nner of the Emperor of 
Director of the Department of Commerce and 
an Be St. Petersburg, President of the Imperial 
Commission of Russia. 
S.E.M. Robert de Thal, Privy Councillor of the Emperor of 
Russia, 24, Avenue Friedland, Paris, Commissioner 
te. 


Delega‘ 
M. Ropet, St. ——~ ee M. Paul Benard, 2, Rue Mosnier, 
Paris, Architects. 


M. Gréham, Consul of the King’ of Siam, Rue d’Amsterdam, 
Paris, Special Commissioner. 


SWEDEN. 
M. D’Ehrenheim, ex-Minister, Stockholm, President of the 
Commission. 


Royal 
M. Juhlin Danfelt, Stockholm, Commissione’ 


Colonel F. N. Staaf, Staff Officer, Mili ) Attaché of the 
Legation of the King of Norway and Sweden, 1, Place 
Wagram, Paris, Assistant Commissioner. 

M. Issceus, Stockholm, Architect. 


Norway. 
M. O. J. Broachaneren, State Councillor, Christiania. 
M. Ch. Christophersen, — General, Christiania. 
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450 ft. Hickory at 30 dol “I38 44 
‘. ory a’ ‘ols, ... 2 350 2932 
THE PEN N SYLVANIA RAILROAD . CABOOSE CAR, 700 ft. Michigan pine at 70 dols. ... 49.00 818 5 
400 ft. Cherry at 40 dols. .,, ose 16,00 218 8 
439 ft. Maple veneer ... eee “ 24.14 4711 
4 pairs Wheels and axles... we «—: 832.85 6012 1 
P 2 pairs Passenger car trucks com- 
Fig y F WOO inte. cn, tes, ne, Ae 97 3 3 
87 lb. Colourat 15 cents... a 13.05 276 
13 1b, Puttyatl2cents ...  ... 1.56 054 
59 lb, Hunter's paintat 12cents .., 7.08 1 511 
365 Ib. Oil filling at 12 cents .., oe 4.08 0 14 10 
49 1b. Fillingatl3 cents... eos 6.87 i. 22 
15 lb. Tuscarred ove op 3.75 013 8 
3 lb. Drop black - ove 0.70 026 
Ib. Lamp black ,,, one ee 0.34 018 
2 lb, Green .,, oes ove ove 0.32 ee 
Gold bronze .., eee . 2.76 010 0 
6 Ib. Pulverised pumice stone... 0,36 014 
1 quart Olive oil ... ain oa ine 058 021 
8 quarts Black varnish tie ‘is 1.17 043 
1 quart Shellac... ... cos ose 0.66 025 
3 gals. Varnish at 4.68 dols. ,., ve 14.04 211 8 
10 gals. ° at 3,83 dols. ... os 38.30 619 8 
1 gal. Linseed oil .., oo ose 0.59 ©2232 
45 lb. Glue... ons tee e 14 33 212 2 
231lb. Whitelead .., ove ees 2.59 0986 
a ., SOP RP aerceaiaes «| 1519 7 
met eS ae ee 8 
72 Ib, Square nuts... oot ove 5.05 018 3 
258 TOR. ath) hans. vies hace 5,52 1o1 
Brass wire and small nuts 
and washers ide oe 0.41 016 
792 Ib. Castings alk es ae 16.99 8 110 
2 1b. Spring steel .., pia ne 0.17 007 
9 Ib. Washers te = pee 0.63 028 
6 lb. Hexagonal nuts eos <és 0.60 02323 
119 Ib. Wagon box iron po ie 5.59 104 
Wood screws ... ou ose 4,06 014 8 
Screws ... soo oe Sa 61.88 9 8611 
31 Ib. Carriage bolts ail ose 0.45 017 
1 set Gas pipes, &c..., os - 7.19 167 
» burners ,,, eee soe 0.22 00.9 
Brass connexions eos 0.25 0 OlL 
1 Gas regulator .,, 3 Bir 15.00 214 7 
1 , gauge eee # a 10,25 117 4 
2 Two-light chandeliers dhe 50.72 948 
1 Gas bracket ... ah wi 3.09 Oll 8 
2 ,, tanks complete .., soo 84.00 15 5 8 
2 So!dered joints bed sb 0.40 016 
1.Air brake complete ,., .« 181,79 23 19 10 
1 Water cooler faucet ,,, yf 3.25 01110 
8lb. Leadpipe ., 1). (0.80 0 211 
1 Ib. WEwe Se eee 0.04 002 
Screw eyes .,,, We he 0.05 002 
57 Sash balances... oe9 oe 44.61 825 
27 Ib. Rubber draught packing ... 12.65 260 
31 Lights, white glass .., pa 26.11 415 1 
2 ee OT a a. 118 5 
25 ” ruby ,, i ols 27.72 6 O11 
8 Extralights .., nA ois 1.44 05 8 
Wood filling ... - 0.18 006 
12 Vertical registers 4 os 8.32 110 @ 
2 Stoves .., eed eee ote 77.56 14 2 6 
50 Seat arms oie dil ws 8.50 11011 
2 Bronzed sash fasteners... 4.84 017 8 
2 ” ” or 3.70 013 56 
20 Brass alcoves ... 4. sue 3.77 013 8 
25 Sets of seat fixtures... .., 50.50 9 3it 
2 Bronze notice plates... 4.00 014 7 
4 Notice frames and notices .., 2.44 0 8 6 
3 Bronzelamps... .. .. 13.60 i Be 
» doorlocksand fittings 15.20 215 4 
1 Ssloon door lock ooo 6.26 129 
3 Lamp ‘‘ canopies” ,,, 2.43 0 810 
8 pairs Brouze butt hinges ,,, on 5.41 019 9 
1 pair 3 in. by 3in. ditto eco oe 2.48 0 810 
1} in. by 1} in. brass butts ... 0.24 0 Oil 
24 pair Lron butts eco ooo ove 0.13 00 6 
26 pairs Brassbutts éo ose 7.87 1 610 
“1 Drip pan bes A ie 5.06 O18 6 
Si Se ee ry 4.25 015 5 
LG, SOON cane ad ang 1 211 
3 7 in. ventilator rings ., o 2.43 0 610 
2 Brass bushiugs dss ée 0.28 o1? 
5 Leather bell-cord hangers .., 6.50 1 3 8 
2 Bronze bushings _.., ad 0.44 Bs BS 
2 10 in. ventilator rings ob 2.44 0 8il 
1 8in. ” ” oe = 058 011 
1 3in, ” " oe = 044 017 
13 Bracket racks... 2 | «. 77.85 Ce oe 
12 Sashlevers.., bas ‘ee 42.00 7:12 11 
2 Door holders ... ont ooo 3.00 01111 
61 Bronze window lifts .., ioe 24.40 430 
otal ae ~ fasteners .., 16.47 2 . “ 
SwITZERLAND. M. Oscar de (Tunis, 5, Avenue d’Eylau, semeemaeadl " Coat hooks’ cong 2 008 0 0 2 
M. i issioner-General. Delegate. : 8 Match hghters.. ... 2. 17 e745 
Tea Co ‘lis 61, Rue St. Lazare,| M. Emile Desmarest, 17, Boulevard Magenta, Paris, : 1 Waste C0 are iss 0 ‘ y 
Paris, acts as Commissioner Delegate. Architect. ‘ ; ” a yO edie ¥ 214 
M. Jaeger, 11, Rue Mansart, Paris, Architect. adtandaeni were rt Methinery 2731p. Galyénised iron hk 12 
M. Sulzer Steiner, Winterthur, Engineer. ing the details of the great roof over the re eee SGUD.GOMMOe saat: dap): a0. > ine 2.24 0 ; . 
SYNDICATE OF THE CENTRAL AND SOUTHERN States | Halls ry es heres os oe a ream elias x: 2 Ib. Eivote on ba Sie 
oF AMERICAN. . | tion of this roof will be pu i : inanti¥na -. - — es 011 
M. Balcarce, Plenipotentiary of the Argentine Republic, casion, when we shall arrive at the technical portion Ou lb, No. 1 sheetiron .., .. 2.78 010 4 
President of the Argentine Commission, 5, Rue de of the present series. OUR Sa ie ae, a on 0 2 5 
Berlin ; M. Torrés-Caicedo, Plenipotentiary of the Re- Pins, &c, ." 4 oa a 
public of Salvador, President of the Commission of : 2 yards Brown muslin oe aes 08 014.10 
Sal H Pre- am RAI LROAD 34 yards Hat cord fay = . 4.0! 
- vador, 27, Boulevard Haussmann—Honorary THE PENNSYLVANIA j . Burlap acohing eae 0.09 Hy 2 ¢ 
M, Torrts-Caicedo, Plenipotentiary of the Republic of ual nentuaitetel 44yards Plaingreen plush, 1099020 0 
Salvador, President of the Commission of Salvador, STANDARD PASSENGER CaRr—(cone bg <) the 61 yards Sheeting sa. Re alee. 5 ae : 
27, Boulevard Haussmann, President. Tue following ‘Table gives in complete me 1b yards Buckram ws we 8.08 fi oe 
M.E. Tiberghien Ackermann, Honorary Consul-General, | cost of constructing one first-class standard pas- Li ie ~ yb ean as 
Commissioner Delegate of the Eastern Republic of d the amount of materials employed : y en A att ae a 16 38 
, : senger car an e 14 yards Cocoanut matting 
L’Uruguy, 63, Rue Condorcet ; M. L. E. Albertin, ex- t of constructing one First- I Hell pope: © xe! a aa LA 05 8 
Consul, Commissioner Delegate of Peru, 27, Rue de | Taste No. XXXVII—Cost of tevtole. om ib, Thread .. sews ,08 037 
Rome—Vice Presidents. oe Class Passenger Car, and Amount of Mater * ‘Tien Seer ree ee ; ° 9 
M. Ch. Noél, Banker, Consul of the Republic of Haiti, | ployed. pene Ey 11b, Brasowashers” =. 0.900 
Commissioner Delegate of Haiti, 9, Faubourg Poisson- Pn wus 1263.94 230 210 124 —— Be es sR ae sp tes 01 
nitre, Treasurer. ie Proportion of fuel and stores 28.61 gle Y} yards Ship canvas Se oe 007 
M. John Lelong, ex-Consul-General, Commissioner Dele- - superintendent, Seamingcord . |... 0.04 002 
te of the Argentine Republic, 28, Avenue Wagram, chief clerk, and store- : 293 Sgross Plush nails 3. 0 4. ss 3.33 ol 1 
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FouR-WHEELED CABOOSE CAR. 


The Maintenance of Way Department employs a 
number of cars of a special type which are illus. 
trated on pages 413 and 316, and on page 417. 
They are almost the only four-wheeled vehicles be- 
longing to the company, and are exclusively em- 
ployed for the transport and accommodation of per- 
manent way gangs, which have often to work 
beyond the reach of any house accommodation. The 
cars are small, being only 15 ft. long in the body, 
although a platform at each end res up the total 
length to ahout 20 ft. The width inside is 7 ft. 6 in., 
and the clear height from the floor to the roof 
springing is 6 ft.4in. In the middle of the car is a 
raised portion or dome the full width, and 4 ft, 6 in. 
long, the height being 2 ft. 4in, above the roof. 
The wheel base is 9 ft. The main frame consists of 
six longitudinal timbers, the outer ones being 
7 ft. 4in. apart in the clear, and 4 in. by 8 in. 
The middle pair placed only 6} in. apart in the 
clear are 3}in. by 7}in., and the two intermediate 
timbers of the same scantling are placed 19} in. from 
the inner pair, The transverse timbers of the frame 
consist of two end beams about 8 ft. 6in. long, 9 in. 
wide in the middle, and tapered off to 7 in. at the 
ends, and 8 in. deep. Besides these there are three 
cross timbers 3 in. by 8}in., and the whole frame is 
further strengthened by four lin. diameter bolts 
passing through the longitudinal timbers. The 
under frame shown in the cross section, Fig. 3, con- 
sists of four longitudinal timbers, the two outer ones 
placed 6 ft, 24 in. apart from centre to centre, and 
the two middle ones immediately below the corre- 
sponding pair in the main frame ; the sizes of these 
are respectively Sim by 4in., and 7in. by 3} in. 
These timbers are 15 ft. long and are stopped at the 
ends of the body of the car. They are divided into 
three parts in their length by two transverse timbers 
7in, by 3 in., and two end ones 7}in. by 3 in. 
The estals for the axle-boxes are of the form 
shown in Fig. 1, and they are bolted to the outer 
timbers of the under frame. Fig. 3 shows one 
of the pedestals in section, as well as the form 
of axle-box. The wheels are of chilled cast iron 
33 in. in diameter. The pedestals are connected by 
a flat bar 3$in. by }in., which fits into a recess on 
the under side of the pedestal (Fig. 3), and those 
on each side are connected by two transverse rods, 
shown in Fig. 1. They are further stiffened by being 
attached to the bottom by a bracket depending from 
the under frame. The soleplate of this bracket is 
widened out sufficiently to give bearing to two 
rubber block springs placed 7 in. apart from centre 
to centre, The lower bearing of these springs is on 
a compensating beam, the centre pin of which moves 
in a slot formed in the bracket; the ends of the 
bracket are coupled by links to one end of the springs, 
which are 3 ft. 4in. span, and the other ends 
are attached to the under frame, as shown. The 
platforms at the ends of the car are boarded as 
shown, and on each side are open steps for ingress 
and egress. The attachments to each of the end 
beams are two cast-iron bumper blocks, placed 
2 ft. 6in. a from centre to centre. They are 
curved in the face, are 12 in. by 5}in. wide, and 
7} in. deep, and are of the form shown in the draw- 
ings. ‘There is also a central buffer and draw link 
combined. The back of the buffer is formed with a 
box casting and draws on a volute spring placed 
b: hind it. On one buffer bean is placed a vertical 
brake spindle and wheel; the errangement of brake 
gear, which is of the simplest character, is clearly 
showm in the drawing. The floor of the car is 
l}in. thick, and the sides, which are § in. thick, are 
double, except where the windows and end doors 
occur. The construction of the roof is so clearly 
indicated as to need no description. On the top of 
the dome an enclosure is formed for a lamp, and re- 
cesses at the sides (Figs. 3 and 9) are also provided 
to receive coloured lamps. Inside, the car is fitted 
with sleeping berths, lockers, places for tools, stores, 
ke. Figs. 5, 6, 7, 8, and 9 are various details, and 
Fig. 4 is a plan-of the roof framing. 


HIGH-PRESSURE MARINE BOILER. 
We give on page 412 engravings of a form of high- 
pressure marine boiler designed and patented by Captain 


General Steam Navigation Company, Limited, this boiler 
having several features which render it well worthy of 
notice. As will be seen from our engravings the chief 
feature of Captain Scott’s design consists in the fixing, to 
the bottom of a cylindrical tubular boiler, of a water leg 
or chamber, which extends down below the level of the 
firebars. In the particular case we illustrate there is a 
group of four boilers all fitted with these water legs, the 
firegrates being arranged between the water legs and 
between the outer water legs and side walls. These small 
outer grates can, however, be dispensed with. 

The water legs are properly stayed and are connected 
to the main shells of their respective boilers in the manner 
shown by the detail views. The holes shown in the tie 
plate at the point of junction are quite sufficient to secure 
proper circulation. The feed water is admitted to the 
water legs and directed down below the level of the fire- 
bars, the water legs thus formiug depositing chambers in 
which a large proportion of the solid matters in the water 
is thrown down, and from this deposit can be removed 
by blowing off and cleaning out through the hand holes 
provided for that purpose. 

Above the boilers are placed two steam drums suitably 

connected to the four main shells, drain pipes being led 
from the bottoms of these steam drums down to the water 
legs, so as to convey back any water carried up with the 
steam. The space between the adjacent main shells is 
bridged over by a short firebrick arch, and the products 
of combustion pass first along the sides and bottom of the 
boilers, then back through the tubes, and finally over the 
tops of the main shells and around the steam drums to 
the chimney. The water legs prevent the accumulation 
of deposit over the fire, and the boilers being short there 
is no trouble experienced from unequal expansion, while 
the position of the firehole door prevents cold air from 
striking on the bottom of the boiler when the door is 
opened. 
In practice the boilers we have been describing have 
given very good results, it having been already fitted to 
three vessels of the India General Steam Navigation 
Company, and four more sets being now in course of con- 
struction in this country. The vessels to which these boilers 
have already been fitted have not surface condensers, the 
boilers being supplied direct from the Ganges, the water 
of which river is—in some seasons especially—very dirty. 
The boilers have thus been tried under unfavourable 
circumstances, but the reports we have heard of their 
performance are very satisfactory. One set of the boilers 
above mentioned we may state is working in the steam- 
ship Progress at a pressure of 1251b. per square inch. 
Captain Scott has also a pair of these boilers with one 
grate between them, working in a steam launch at 100 lb. 
pressure. Captain Scott informs us that the weight of 
these boilers is about half that of ordinary marine boilers 
of the same heating surface, an important point in light 
draught vessels, while the boilers are also much more 
handy for transportation than the ordinary type. 


THE FAIRLIE LOCOMOTIVE. 
To THE EDITOR OF ENGINEERING. 

S1r,—I am glad to see that my letter of the 9th inst. has 
given Mr. Jetter an opportunity of adverting, although so 
tardily, to an account of the trials of the Fairlie engine in 
Queensland, which was published in your journal some time 
in March last, and which he has probably selected for 
attack in the hope that some of the details may have escaped 
the memory of your readers. To these details, however, I 
shall ask leave to recall their attention. 

Mr. Jetter seems to be greatly exercised because his 
report has been criticised by Mr. Mantey ; but Mr. Mantey 
would certainly not have noticed Mr. Joiter at all, had it 
not been for the temerity of the latter gentleman in 
venturing to discuss the working of the Fairlie engines in 
Mexico, apparently upon a basis of pure conjecture. Mr. 
Mantey inquired of me, “‘ What does Mr. Jetter know 
about the Mexican Railway?’ and probably felt that, 
where Mr. Jetter had been heard, he himself, knowing all 
about the railway, need not be condemned to silence. When 
Mr. Jetter’s report is given in full, your readers will have 
no difficulty in discovering the animus by which it has been 
dictated ; and it is plain that if the author had wished for 
accuracy, he would not have failed to call my attention to 
any information furnished him which appeared to be in- 
correct. Mr. Mantey has now fully refuted an important 
mis-statement appended to Mr. Jetter’s report; but Mr. 
Jetter, notwithstanding, still professes to believe that this 
mis-statement is He says, in other words, ‘“‘ You 
may prove as much as you like, but I will neither believe 
nor admit any good of the Fairlie engine.”’ 
Mr. Jetter continues: ‘‘ My report was a com nm of 
the working of the Fairlie engines on the Tamboff-Saratoff 
and Iquique Railways.’’ This is ap error; for the com- 
parison was /not Mr. Jetter’s, but was that of Messrs. Beyer 
and Peacock, composed to suit their own purposes, and 
furnished by them to Mr. Jetter. It is perhaps a sufficient 
reply to this comparison to say that, while Messrs. Beyer 
and Peacock were preparing it, we were delivering, or had 
recently delivered, a roe | batch of engines to this very 
Tamboff-Saratoff Railway. 

The explanation of the wearing of the tyres of the first 
engines which we sent to Mexico ie very simple. At that 








time, we usually sent with each engine four pieces of willow 
wood, the most elastic wood we could procure, which were 
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fitted into the curved wing slides. These pieces were sent 
somewhat too deep and were intended to be reduced in 
depth and levelled by the workmen who re-erected the 
engines at their place of destination. Instructions were 
ways sent as to the clearance to be left between the wing 
brackets on the carrying frames and the bogie frame at 
each side of the bogie centre. In some cases, and notably 
in the case of the first engines delivered in Mexico, these 
instructions in some way failed to reach the men who set 
up the engines. Hence, the blocks were inserted as they 
were sent ; and instead of the whole weight being thrown 
upon the bogie centre, where it should be, a certain portion 
of it rested upon these slides, which were intended to be 
quite free and clear of the bogie frames. The necessary 
consequence was that in passing over carves of 250 ft. 
radius the bogies could not swivel freely, and motion round 
the curves was impeded. The bogie did not swivel until it 
was subjected to strong pressure from the leading wheel 
tyre against the outer rail; and it is therefore clear that 
there must have been great flange friction and consequent 
wear of the tyres. This difficulty is a thing of the past ; 
for as soon as our attention was called to its occurrence we 
replaced the willow fittings by india-rubber, which is 
properly adjusted before each engine leaves the works. It 
is manifest that, as soon as the accidental lateral bearing 
was taken of, and the bogies were permitted to swivel 
freely, the excessive friction of the tyres would be removed. 

Mr. Parker, who had formerly entire charge of the roll- 
ing stock of the Mexican Railway, writing under date of 
the 12th inst., after relating much that had been done by 
the Fairlie engines, continues as follows : 

“Unquestionably your engines are the only ones that 
can work the traffic satisfactorily over the cumbres of the 
Mexican Railway. Ifyou will allow me, I will add, it is 
more your personal enemies than your engines that prevent 
their success.”’ 

Mr. Jetter attaches much importance to Mr. Parker’s 
statement about the wearing of t It would seem 
from the above quotation that Mr. Parker has something 
more to say about the Fairlie engine than Mr. Jetter’s in- 
formant, but that he hesitates to speak his thoughts quite 
freely. In order to anticipate any possible questions, I 
hand you herewith Mr. wd letter, the only one which 
he has written with reference to the Fairlie engine. You 
will observe that it deals with the wearing of the tyres, 
and covers all the charges which have been brought against 
the engines working in Mexico. 

I come now to Queensland, and I find, in spite of Mr. 
Jetter, that the extract from the report of the Com- 
missioner for Railways, on which he lays stress, is 
altogether favourable to the Fairlie engine. It appears 
that the weight of the engine, when fully equipped, is 
found to be 34tons 14 cwt. 2 qrs. My partner, Mr. 
Royce, explains to me that at Ipswich (Queensland) there is 
no means of weighing a Fairlie engine correctly ; but his 
calculation was 33 tons, and the weight as stated at the 
works was 32 tons 14 cwt. 1 qr. However, the only correct 
comparison must be based upon the weights of the two 
engines when they are —. 

he Fairlie engine, when empty, weighs 25 tons, and, 
according to Mr. Royce, it takes regularly 105 tons over 
the main range, or 17 miles of an ascent of 1 in 50, with 
occasional flat places. The ordinary 12 in. cylinder engines, 
the largest in use in Queensland, weigh when empty 16 tons 
17 cwt., and their tenders weigh 7 tons 5 ewt., making a 
total of 24 tons 2cwt. These engines, again according to 
Mr. Royce, take at their best, stopping twice on the main 
range, 64 tons. Hence, we have 24 tons 2 cwt. taking 
64 tons and stopping twice on the range; while the Fairlie 
engine, weighing 25 tons, takes 105 tons of regular load, 
and has taken 140 tons up 1 in 50 at a speed of ten miles 
an hour. The true comparison is between 25 tons of ma- 
terial taking in all weathers 105 tons, and 24 tons 2 cwt. of 
material taking 64 tons with difficulty. By this way of 
stating the case we escape from the common error that, if 
an engine and tender weigh together 40 tons, and only half 
of this weight represents driving power, the half may be 
taken as the weight of the engine, and the other or inert 
half may be left out of the calculation. Those who thus 
argue would maintain, on the other hand, that a Fairlie 
engine, weighing say 30 tons, which carries its own water 
and fuel and has no useless wheels or tender, should be 
debited with its whole weight of 30 tons as against half the 
weight of the ordinary engine. Surely such a mode of 
comparison is too manifestly absurd to impose upon any 
one who will take the trouble to reflect. f 

With regard to the question of short steam on the trial 
trip, it may be said that any failure of this kind may be 
due to many causes ; as for instance to overfilling the fire- 
box under the influence of anxiety to maintain high pres- 
sure of steam. The effect of this error every engine driver 
must know, and I subjoin an extract from a letter from 
Mr. Royce, dated Toowoomba, December 6, 1876. He says : 

‘* The engine has now been working a a month, but 
we could not get her to steam with this coal until we had 
reduced the blast-pipe. At the trial, Thorton, the engine 
driver, managed to stick on the range three times for want 
of steam; he never looked after his fireman or troubled 
himself in any way. The fellow did not half clean his fire, 
and of course it got filled up with the dirt out of the coal. 
We obtained a new driver and fireman, and went up with- 
out the slightest difficulty ; in fact, over the little Liver- 

l, between Grantchester and Laidley, the steam was 

lowing off so (on 1 in 50) that we had to keep the doors 

open to keep it down. Since then, we have always been in 
beforehand.” 

With reference to weight upon the wheels, we shall de- 
liver on Saturday, for the Ipswich line, an engine which 
has four driving wheels, with a weight of four tons on 
each. 

Mr. Jetter’s statement that an engine could be made to 
weigh only 24 tons in working order, and to take 120 tons 
over the Liverpool range, may be said to crown the edifice 
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of his blunders or inaccuracies. I have shown above that 
an engine which, when empty, weighs 2 cwts. more than 
94 tons can only take 64 tons over the range in the same 
manner in which the Fairlie engine takes 140 tons. 

I regret the length to which this letter has unavoidably 
extended ; as it is, however, I fear I shall have again to 
return to the subject next week. 

I am, Sir, your obedient servant, 
RoBERT F. Farr.uiz. 





To THE EDITOR OF ENGINEERING. 

S1r,— Your correspondent “‘ B.,” referring to my letter 
on American versus English engines, appears to think that 
I have drawn my deductions from insufficient data. If he 
will look at the experience in Canada, Australia, India, 
and South America, he will, I think, see that I have not 
been misled by confining my attention to ‘‘one or two 
cases.”” 

Canada has the most important railway system of an 
British colony. There are a number of independent rail- 
ways in it, but though they have all tried English engines, 
and the more recently opened lines were at first equipped 
with them, their locomotives are now all ordered in the 
States. Since the change of gauge on the Grand Trunk 
Railroad over 150 locomotives have been built in the States 
for Canada. This means, that though England’s best and 
nearest colony has spent about a million and a half of dollars 
for new engines, during the late stagnation of trade, 
English manufacturers have not profited one cent by it. 
It is a serious question and one which English manufac- 
turers cannot afford to gloss over. It will not serve their 
purpose to merely assert that their own designs are per- 
fect, and that all competitors are ‘‘ half a century behind 
the age.”’ If their customers find that English engines 
cost more, and are more expensive to run than those of 
other makers, the British will lose their trade. They have 
lost Canada already. How do the others stand? Australia 
is not so well = ie with even the modern English 
engines which your correspondent thinks have been well 
adapted to their work ; they are trying Fairlie engines, 
and the commissioners they sent to the Centennial Exhi- 
bition urge the trial of American engines, which one of 
them claims can be laid down in Sydney for 10001. each 
less than the English engines are contracted for. 

India seems equally hard to please. Your editorial in 
the issue containing ‘‘ B.’s”’ letter, points out that the first 
equipment for the narrow gauge system was a total failure, 
and that the recent engines, though somewhat improved, 
are inadequate to the development of the full capacity of 
the lines, and that the only hope of getting satisfactory 
results from them is in the adoption of Fairlie’s system. 
In South America there is further data to be found of the 
defects of English engines on light railways, and the large 
orders, constantly received by American firms, for South 
American roads, show how popular their engines are. Your 


correspondent’s remarks on some of the details in American } h 


engines are very just. The ‘‘ pepper castor”’ style of thing 
and the bolts, straps, and keys, cluttering the rods, are 
undoubtedly in bad taste and unmechanical; but ‘‘B.’’ 
must not forget that the Americans are a progressive 
people ; their engines are being improved perhaps as rapidly 
as English ones are, and with this advantage on their side, 
that while the English have to remodel the whole type of 
engine, to enable it to successfully compete with the 
American, the latter have merely to alter a few details and 
not such a long list either as ‘‘ B.”” would make out. 

I cordially endorse your correspondent’s views as to the 
suitability of English engines to English roads, and no- 
where is the splendid design and workmanship displayed 
on them more admired than in America, but it is their 
adaptability to cheaper lines, and the circumstances met 
with in colonial practice, that I have questioned. These 
circumstances, I think, ‘* B.’’ must allow are to be found in 
our colonies and in the Empire of India ; if this is so, I am 
glad he is willing to grant that the American engines ‘‘ may 
be the best thing possible.’’ When English and American 
firms enter into a full and fair competition each will un- 
doubtedly learn much from the other, and the locomotives 
will be greatly improved en both sides of the Atlantic. 

I am, Sir, yours, &c., 
Howarp Fry. 
Williamsport, Pennsylvania, November 13, 1877. 








THE SOURCE OF THE POWER OF THE 
TIDE MILL. 
To THE EpiToR OF ENGINEERING. 

Sr1r,—Permit me to call your attention to a slight error 
which occurs in your interesting article on ‘‘ The Source of 
the Power of the Tide Mill,’’ which you gave in your issue 
of the 2nd inst. 

In the last paragraph of that article you state ‘‘ that 
every operation of the tide mill takes energy from the 
rotating earth, and the inevitable conclusion follows that 
such operations, if continued long enough, would bring the 
earth to rest.’’ Of course we understand that it is the 
motion of rotation on its axis which you state would be at 
length stopped, but on whatever scale effected, and over 
whatever period of time extended, such operations could 
not cause.the complete cessation of this rotation, but, 
supposing the moon to be the only cause of a tidal wave, 
they would, in the limit, only succeed in reducing the time 
of the earth’s rotation about her axis to that of the moon 
in her orbit ; or in other words, in lengthening our day to 
alunar month. And this is evident from the fact that 
when this reduction of speed shall, from whatever cause or 
causes, have been effected no tidal wave will exist, the same 
part of the earth’s surface being then directed continually 
to the moon, and therefore ber a | continually beneath the 
protuberance of water caused by the moon’s attraction. 
This effect must eventually be brought about by the braking 
action or friction of the tidal wave alone (tide mills only 
adding their quota to bringing about this effect in a short 


time), as at present exists in the case of the moon, her 
motion of rotation being supposed to have been reduced to 
the period of her orbital revolution about the earth by the 
friction of tidal wave produced on her surface by the at- 
traction of the earth. 

Hence the source of the power of the tide mill must be 
drained of its supply, and, therefore, the mill must cease to 
act and hence to retard the earth’s rotation, before that 
rotation has ceased. There will, of course, still be a tidal 
wave, produced by the attraction of the sun, after our day 
has been lengthened out toa month, but my purpose in 
this letter has been merely to point out the nature of the 
correction to be made in your article and not to givea 
numerical value to it. 

Apologising for thus venturing to point out what is 
evidently an accidental slip, but nevertheless a misstate- 
ment of the case, 


November 23, 1877. 


P.S.—Will you grant me space for the following post- 
script, which lon induced to add to my letter to you of the 
23rd inst., since having read the extremely lucid arguments 
of your correspondent, George H. Phipps, M.I.C.E., put 
forth in his letter to you, which you publish in your issue of 
the 23rd inst ? 

It might be very convenient could we have a number of 
moons as accommodating as your correspondent of the 
19th inst. seems to suppose the one of which we are at 
present posssessed to be, each ane until she had raised 
our weights, and then withdrawing her influence on those 
masses of matter while they descended towards our centre, 
driving our mills on the way, and repeating this process 
continually, attracting and ceasing to attract as we pre- 
sented our masses to her. But what.is the period of the 
oseillations of this ‘‘ exterior force,’’ and are the charges 

dden or undulatory? I have never contemplated the 
existence of a varying force of attraction on bodies at the 
earth’s surface capable of producing the effects ascribed to 
it, and should be ~ of a little more light on the subject. 
Still, how “such matter in the act of rising’’ could 
retard the speed of the earth’s rotation I am at a loss to 
understand, if, as the writer of the letter referred to evi- 
dently intends, it is to descend again to the same spot from 
which it was raised. But, further, it having done a certain 
amount of work on our machines, and, therefore, I pre- 
sume, under ordinary conditions, having had a portion at 
least of its ene transformed into the lower or less 
available form of heat (such unfortunately is the nature of 
the generality of our machines) it is to be capable of 
** equally restoring the lost speed upon its descent.” 

But let me ask Mr. G. H. Phipps if he really supposes 
the ‘‘ force exerted by the attraction of the moon and sun’’ 
to be an intermittent one ; if so, could he favour us with 
a diagram of the probable path of the earth, considering, 
for simplicity’s sake, the sun as a fixed object? Should he, 
owever, in complying with this request refer us to the 
diagrams which are to be found in treatises on astronomy, 
&c., let me ask from him the ro she would describe sup- 
posing the attractive forces of the sun and moon were con- 
stant. It is possible we might find ‘“‘a very unnecessary 
complication” — here. 

But really the whole letter is so utterly absurd that it 
would perhaps be better not to ask for further infliction 
from the same source. 

When a man writes off in a hurry, maki 
mistake on some profound scientific principle the case is 
bad enough, but when we find one making the most 
egregious errors, and assuming conditions known not to 
exist, and arguing on these in a manner the absurdity of 
which is evident to the merest tyro in science, and, too, 
with that assurance which is contained in the words “ this 
then is the primary cause for the power of the tide mill,” 
we think his remarks should not pass unnoticed, lest 
they should be the cause of doubt in some innocent and in- 
quiring soul on principles previously clearly explained. 

I am, Sir, yours faithfully, ux 


November 26, 1877. 


IT am, Sir, yours faithfully, 
Z. H. K 





some slip or 








THE ELECTRIC LIGHT. 
To THE EDITOR OF ENGINEERING. 

Sr1r,—In their interesting letters which have appeared 
lately in the columns of ENGINEERING, Dr. C. W. Ae 
and Mr. 8. A. Varley have added a valuable contribution 
to the history of the invention of the reaction principle of 
electro-magnetic machines by giving the dates when their 
experimental machines were completed and first tried. 

*P'should not presume to trespass upon your valuable 
space did it not happen that in the little controversy which 
has been going cn, the claims of the late Professor Wheat- 
stone have been, to a great extent, inadvertently passed 
psig I therefore hasten to supply the omission as far as I 
am able. 

At what date ‘‘ the idea of making a machine which 
would work into itself occurred to’’ Professor Wheatstone, 
it is, of course, after his death, impossible to determine, 
unless some manuscript notes should turn up in evidence. 
I am also unable to ascertain when his first experimental 
apparatus was made and tried. We must therefore start 
from the later stage, viz., the finished machines which 
were exhibited at the Royal Society in February, 1867. 

These machines were made for Professor Wheatstone by 
Mr. Stroh in the months of July and 9 1866. When 
they were finished, tried, and approved of, they were, in 
the usual course of business, charged for by Mr. Stroh on 
the 12th of September, 1866. 

Mr. S. A. Varley says his ‘‘ machine (as it was exhibited 
in the Loan Collection) was completed and tried at the end 
of September, or the beginning of October, 1866.’’ 

Dr. Siemens says that his brother ‘‘ tried his first experi- 
mental machine in December, 1866.’’ 

It is clear, therefore, that Professor Wheatstone’s ma- 








chines—those exhibited at the Royal Society—were com- 
pleted, tried, and cha: for before the first experimental 
machines of either Dr. Siemens or Mr. Varley wra 
finished and ready for trial. 

The date when an undefined idea of making any machine 
first occurs to an inventor is of very little comparative 
importance, unless the idea be productive of some evidence 
of its being without which one would naturally be inclined 
to suspect that memory might after the lapse of years be a 
little treacherous. Who had the first happy inspiration of 
a reaction machine we can scarcely expect to know now. 
Of its fruits we have better evidence, and I venture to 
think that the claims of the three inventors in question 
stand thus : 

Professor Wheatstone was the first to complete and try 
the reaction machine. 

Mr. S. A. Varley was the first to put the machine 
officially on record in a provisional specification dat d the 
24th of December, 1866, which was, therefore, not published 
until July, 1867. 

Dr. Werner Siemens was the first to call public attention 
to the machine in a paper read before the Berlin Academy, 
on the 17th of January, 1867. 

Ian, Sir, yours truly, 
RoBert SABINE. 

7, Great Winchester-street Buildings, Old Broad- 

street, E.C., November 28, 1877. 


ENGINEERING CALCULATIONS. 
To THE EpIToR oF ENGINEERING. 

S1z,—I am sure the profession at large will be thankful 
for your article in your last week’s issue on the above 
subject. No doubt some praise is due to those hardwork- 
ing mathematicians for what practical formule they have 
given us, but ninty-nine hundredths of them do not come 
to light, and, therefore, the mathematicians never need 
have troubled themselves about it or wasted their time over 
it; it is really marvellous to any one who can check their 
investigations by graphic methods to discover how much 
they have been working in the dark and how much time 
hes 9 have been saved if a little more common sense 
had been applied. The worst of it is that analytical in- 
vestigations are very rarely reduced to simple formulg, or 
to a graphic demonstration, and unless this is done these 
investigations are no use to the public at large. 

Mathematicians tell us that of a sphere whose diameter is 
1, its circumference is 3.1416, and its sectional area through 
the centre is .7854, and that its cubic contents are .5236, 
and its superficies is 3.1416. Now such things as these we 
ought to be thankful to them for, and many others, of 
course. I will take another case where the analytical in- 
vestigations are reduced to simple figures, but unfortunately 
the author did not give a graphic method of checking them ; 
I allude to the investigation of the strains in continuous 
— of 23 or more spans (vide Mr. Edwin Clark on the 

ritannia Bridge, vol. i., pages 275 to 292). Here Mr. Clark 
shows that any one that can investigate the strains in a 
detached girder can by the sim ap rend at which he 
has reduced his formula to, calculate the strains of a con- 
tinuous girder of any number of spans by assuming the 
first span detached repeatedly, and using the well-known 


formula Wh =the strains in either flange at the centre, 


that is the total gross load multiplied by the span and di- 
vided by eight times the depth. Now taking the case of 


two spans and using the formula Wess, and call S=16, 


then the strain over the pier will be 16, and the greatest 
strain in the spans will be 9, and this will occur at three- 
eighths of the span from the abutments. 

Taking the case of three equal spans and using the same 
formula and calling S=25, then the strain over the pier 
will be 20, in the middle of the centre span will be 5, and 
the greatest strain in the side spans will be 16, and this 


will occur at 2 = from the end. 


Taking the case of an indefinite number of spans and 
calling S=3, then the strain over the pier will be 2, and 
the greatest in the centre of the spans =1. This I consider 
red the calculati of continuous girders to a very 
simple process, but unfortunately, as I said before, Mr. 
Clark has not given the practical engineer or his draughts- 
man pane method of checking this, which would have 
enabled them with the simple given to find the 
sectional area of the ry 4 at any given point, and the 
theoretical thickness of the web at the same time by the 
simple process of division and addition, and this is much to 
be in such otherwise nice work on the subject. 

Some future time I will give illustrations of the graphic 
method mentioned. 

W. H. Brppsr. 


1, Westminster Chambers. 

















Hunt’s Suet Lupricator.—We are requested by 
Messrs. James Hunt and Co., of Birmingham, to state 
that the suet lubricator illustrated by us on puge 399 of 
our last number has been patented by them. 


Krine’s Cottece Enaingerine Socrery.—On Frida, 
23rd inst., at a meeting of the above society, Mr. Josia 
Pierce, Jun., read a paper on “‘ Cranes,’’ He began by 
describing generally the crane and its uses, proceeding to 
mention the chief varieties and the construction and manner 
of working. Henext discussed hand, steam, and hydraulic 
cranes, describing derricks, portable steam cranes, Arm- 
strong’s hydraulic wharf crane, travelling cranes, &c., and 
concluded by pointing out the advantages and economy of 

rtable steam cranes. In the interesting and prolonged 

iscussion which followed, Messrs. Guinness, Alliman, 
Tait, and Samuel took part. The meeting was then 
adjourned, a hearty vote of thanks having to 











Mr. Pierce for his valuable and interesting paper. 
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ENGINEERING. 


' [Nov. 30, 1877. 





night week, Professor Fleeming Jenkin, C.E., F.R.S., in 
the chair, for the purpose of hearing a F a on “‘ Sanitary 
es , R. C. Reid, C.E: In the first 
of his remarks Mr. Reid spoke of the importance of an 
abundant supply of wholesome water being secured to the 
inhabitants of all towns, incidentally giving it as his 
— that as a general rule it would be found that 25 or 
0 gallons per head per day was sufficient, but that, to pro- 


vide increase in population, 50 or 60 per cent. 
should be added as the quantity when a new supply 
was being introduced. The second branch of the subject 


—the necessity for the existence of pure air being main- 
tained by the immediate and perfect removal of sewage 
and all matter which tended to pollute the atmosphere, 
and the Coo drainage of the subsoil of houses—was 
reférred to with great emphasis, it being stated in con- 
nexion with this point that in one new crescent at the west 
end of Edinburgh, where the houses were being bought 
with the utmost readiness, there was no provision for ven- 
tilation at all. As summing up the views expressed in the 
paper, the writer recommended that the following sanitary 
regulations should be adopted by ali local authorities : 
1. A water supply should be introduced into every house at 
constant pressure. 2. All water for culinary purposes 
should be filtered either in bulk or in individual houses, un- 
less it be spring water. 3. All cisterns for storing water 
should be so as to be quite accessible and well ven- 
tilated, and the waste or overflow pipe should have no con- 
nexion with the soil pipe from water-closets. 4. All appa- 
ratus for drawing off water should be approved of by a duly 
authorised officer of the corporation, and regularly in- 
spected so as to avoid waste and misuse of water. 5. All 
common sewers should be freely ventilated to the atmo- 
sphere where in wide streets, and in narrow closes venti- 
lating pipes should be carried up so as to discharge the foul 
air clear of the dwellings. Sewers for sewage should be kept 
separate from drains for service and subsoil water, if sew: 

were disposed of by purification. 6. All house drains should 
be freely ventilated by an opening in the soil pipe above 
the ridge of the house, and should have a trap between 
the house and the common sewer, with an opening free to 
the air through which foul gas, which might pass the water- 
trap, might pass out, or pure air be drawn in to ventilate 





the soil pipe. 7. All house drains and sewers should be 
efficiently inspected during their execution by a duly au- 
thorised officer of the local authority. 8. All water- 


closets should be placed next an external wall, so that they 
might ventilate fully to the open air. 9. The tanks and 
cesspools of all water-closets should be ventilated through 
the external wall. 10. Sinks and wash-hand basins should 
be connected with the rain-water conductor rather than 
the soil pipe, and the conductor should not be used as a 
ventilating pipe, but should be made to discharge into an 
open grating in connexion with the house drain. 11. If it 
could be avoided, no drain should pass under the basement 
of a house, buat if it must do so it should be made of such 
a material and laid in such a manner as to be perfectly 
water and air tight. 12. The multiplication of water- 
closets should be discouraged, even at the risk of con- 
ne inconvenience. An interesting discussion fol- 
owed. 


Sundry News Items.—Experiments are in progress with 
the view of utilising the electric light in the foundry yards of 
Messrs. James Carmichael and Co., Dundee. It is calcu- 
lated that the light will be provided at a cost of not more 
than 1s. per day.—The Town Council of Kirkcaldy are 
about to consider what means should be adopted for the 
eo of the harbour of the town. Mr. Robertson, 
C.E., Edinburgh, has devised a plan for extending the 

resent harbour at a cost of about 60,000/.—Mr. Thomas 

eik, C.E.. the engineer of the new dock works at Ayr, 
made his final examination of the whole works last Friday, 
and has reported that he finds the contract satisfactorily 
carried out.—Coal has been struck at a depth of 92 fathoms 
at Dysart Collieries, near Kirkcaldy. It is expected that 
this undertaking, which was commenced in 1872, will cost 
when completed about 40,0001.—The memorial stone of the 
new bridge over the Keloin, and connecting Glasgow with 
the suburban burgh of Partick, was laid last Saturday in 
presence of a large number of public citizens and county 
gentlemen. Messrs. R. B. Bell and Miller, C.E., Glasgow, 
are the engineers for the work, and on Mr. Charles Lindsay, 
C.E., have devolved the responsible duties of carrying out 
the undertaking. The total cost will not be much less 
than 20,000/., the major portion of which has been contri- 
buted by the road trustees, the remainder by the Glasgow 
and Partick municipal bodies. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESB.;OUGH, Wednesday. 

The Cleveland Iron Market.— Yesterday there was a 
larger attendance than usual on ’Change at Middlesbrough. 
In business, however, there was no improvement. In 
accordance with the practice of the ironmasters, to which 
we called attention last week, they held a meeting on 
Monday, and og upon the prices at which they would 
sell pig iron. The result of this meeting was made known, 
and at the Middlesbrough market everybody was aware 
without inquiring that makers’ prices were the same as 
those of last week viz., No. 3, 4ls. per ton, and other 
quantities at proportionate rates. Merchants who have 
bought forward at lower rates are selling from 1s. to 
ls. 6d. per ton below makers’ — This course, however, 
cannot long be continued, and if makers are loyal to each 
other, they will be abie to sell pig iron direct to consumers 
after Christmas, and will get the prices they ask. The 
a of affairs is simply this; either the masters will 

ave to stand firmly by each other, and refuse to sell for 
less than the prices they fix, and which just now barely 
leave them a profit, or some of them will be compelled to 
blow out a few furnaces, and reduce the total make, which 





will force up quotations. Shipments continue brisk, and 
the weather is still favourable for the export trade. 


The Finished Iron Trade.—There is nothing new to 
report in connexion with the finished iron trade. All the 
northern towns feel the effects of the prolonged depres- 
sion in this important branch of industry. A very large 
number of men are out of employment, and at Darlington 
and other places subscriptions are being raised to alleviate 
the distress amongst the families of those who are unfor- 
fanately at present leading a wearisome life of enforced 
idleness. 


Steel v. Iron.—Some of the iron plate makers are taking 
alarm at the orders which have been secured by shipbuilders 
on the Tyne and Tees for steel steamers. The iron rail 
trade has declined so rapidly since the introduction of steel 
rails that plate makers fear that they will soon have to 
adapt their works to the production of steel. 


The River Tees.—The Tees Conservancy Commissioners 
are again going to Parliament for additional borrowing 
powers to the extent of 326,0001., which they intend to 
expend on river improvements. To some of the clauses 
and dues the local traders object, and negotiations are going 
on between the commissioners and the payers of dues with 
the view of obviating opposition to the bill. The river has 
been vastly improved of late years, and in a short time it 
will be much better than it is now, although at present it 
is the highway of an enormous trade. 


The Coal and Coke Trades.—The coal and coke trades 
are having their share of depression. So keenly do the 
Northumberland coalowners feel the bad times that they 
have resolved to reduce the wages of the men, and they 
have given notice of a reduction of 12} per cent. It is 
hoped that the matter will be amicably arranged. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A New Tunnel near Wirksworth.—The completion of a 
large new tunnel in connexion with the Wirksworth Dale 
Stone and Lime Works has just been effected, the length of 
the tunnel being 491 yards, entirely cut through the solid 
limestone rock. 

The Restriction of the Coal Output.—It is ramoured that 
if the present p ings against the Lundhill miners for 
restricting the output of coal should fall through or in any 
way prove abortive, the men at other South Yorkshire 
collieries will proceed to take the same course. It is already 
advocated by the numerous miners in the Chapeltown dis- 
trict. 

Reduction in the Price of Gas.—In compliance with a 
memorial from the consumers, the directors of the Elsecar 
Wentworth and Hoyland Gas Company have agreed to make 
a farther reduction of 5d. per thousand from January Ist, 
1878. One similar drop has been made this year. 


The Leeds Boiler Explosion.—At the inquest as to the 
cause of the deaths of the two men killed ty the Bramley 
boiler explosion, near Leeds, an engineer and boiler maker 
named William Denison said he had examined the fractured 
boiler. He found the firebox to have been heated about 
7 ft. in length and a foot in width. The boiler had been 
elongated by the addition of two rows of plates, the centre 
part being formed of diagonal plates, which was suppo 
to be the strongest way of an boilers. The fire end 
had been blown 65 yards, and he found the safety valve 
and water gauge close to it. The former was bent, but all 
the fittings seemed good. The plates were } in. thick, and 
the thinnest part just under 4; in. The ends 
strengthened by four gusset stays. The boiler was 5 ft. 6in. 
in diameter, and 22 ft. 10 in. long. The second, third, and 
fourth plates over the firebox been red hot, as was 
shown by the scale having been completely burned off. 
His opinion was that there been a shortness of water, 
otherwise the top of the firebox could not have got red hot. 
This was the principal evidence, and the views thus set 
forth were virtually adopted as the cause of the accident. 


The Drainage of Pontefract.—On Friday last a Local 
Government Board inquiry was opened at Pontefract with 
regard to a petition forwarded by Messrs. Vaux and Co., 
of Dewsbury, complaining that the Pontefract corporation 
had failed to provide proper drainage to their property 
situated at Grove Town, south of the borough, and also to 
inquire into the default of the corporation in not having 
carried out the recommendations made by an inspector in 
the year 1872. It was shown that the population now 
reached 7000, that the existing drains were totally insuffi- 
cient, and that the drainage was discharged into a wash- 
beck which fell into the river Aire near Ferrybridge. The 
inspector of course, reserved his decision. 








Tue Socrery or TeLEaraPpH ENGINEERS.—At the 
annual general meeting to be held on Wednesday, the 
12th December, 1877, resolutions will be proposed to 
amend the rules of this society so as to provide for the 
payment by all those who are nominated and elected into 
the society on and from the Ist January, 1878, of an 
entrance fee of one gui for associates and forei 
members, and two guineas for members; and to fix the 
annual subscriptions for such new members and associates 
at two guineas for associates and foreign members, and 
three guineas for members; the commutations for life 
membership being raised in a corresponding manner. 
Should these resolutions be carried, the society will be 
formed of two classes, old and new. Old members will be 
those whose names are already enrolled as associates or 
members, or who may be so enrolled on or before the 
3ist December, 1877. New members will be those whose 
nominations bear date subsequent to 31st December, 1877. 
The payments of those classed as old members will in all 
cases remain as at present. 


were } in.,, 





NOTES FROM THE SOUTH-WEST. 


Drainage of Briton Ferry.—Mr. J. R. Shopland, civil 
engineer, of Swindon, has been employed to make a pre- 
nets report on the best means of draining Briton 

erry. 

Nantyglo and Blaina Iron Works sponse, (Limited). 
—This company is for a third half-year unable to meet 
the interest due upon its debentures, December 1. The 
directors, in a circular issued this week, make the grim 
remark: ‘‘The coal trade has been more disastrous 
during the past year than in any previous year.”’ 

The Forest of Dean.—The home coal trade maintains 
its recent improvement, and in the Cinderford district, the 
majority of the colliers are making full time. At Light- 
moor pits, belonging to Mr. Crawshay, overtime is being 
made, which isa boon of no small importance to these 
pitmen. Quotations at Sydney, for the best Forest home 
coal, are 1ls.; seconds, block, 10s., which is ls. higher 
than the maximum price of 1870. The iron trade is 
deplorably dull, and although the pig iron branch generally 
may be regarded as slightly looking up, there is no indica- 
tions that this is influencing the proprietors, whose works 
are now silent, to make a move. The tin plate trade appears 
to be doing fairly well. 


Newport.—Although matters are in a very bad state at 
Nantyglo, coal is brought from the pits to Newport, and 
there is not likely to be a total cessation, so far as we can 
hear. Boisterous weather has prevented several large 
steamers from arriving. There has been a good output at 
Abercarn, and that is likely to continue, at the company 
send large quantities of their coal to the West Indies at this 
season of the year. 


Penarth Dock Extension.— We are authorised to state 
that rumours of a hitch having occurred between the 
Penarth Dock, Harbour, and Railway Company and the 
Taff Vale Railway Company, on the question of the exten- 
sion of the Penarth Dock, are unfounded. The extension 
scheme is._not as has been asserted, abandoned. At a 
meeting of the Taff Vale Railway directors on Thursday, 
the subject was fully discussed, and it was unanimously 
decided to proceed with the works. 








THE MeTroroLoaicat Soctety.—The first meeting of 
this society for the present session was held on Wednesday 
the 21st inst. at the Institution of Civil Engineers, Mr. H. 8. 
Eaton, M.A., President, in the chair. The following gentle- 
men were elected fellows of the society, viz., E. D. Archi- 
bald, B.A., R. W. P. Birch, Captain W. F. Caborne, H. 
Clarke, L.R.C.P., Cohen de Lessa, F.S.S., R. Gordon, Jun., 
J. J. Lake, Rev. C. A. D. O’Gara, 0.8.B., R. Pennington, 
B.A., LL.B., E. E. Prichard, and Rev. 8. J. W. Sanders, 
M.A. The following papers were read: ‘‘ On the General 
Character and Principal Sources of Variationinthe Weather 
at any Part of a Cyclone or Anticyclone,’”’ by the Hon. 
Ralph Abercromby, F. In a cyclone the broadest feature 
of the weather as seen on a synoptic chart, isan area of 
rain about the centre, surrounded by a ring of cloud, 
beyond which the sky is clear. The precise form and 
position of these areas vary with the type of pressure dis- 


sed } tribution with the intensity of the cyclone, and with the 


rate of its progress; they are also influenced by local, 
diurnal, onl seasonal variations, the general sphere of each 
of which is indicated. By recording the appearance, toa 
single observer of any part of a cyclone, as it passes 
over him, it is discovered that the area of rain and 
cloud ring may be divided into two portions—the front and 
the rear—differing in physical appearance and general 
character of the weather by a line drawn through the 
centre, in front of which the barometer is falling, and in 
rear of which it is rising. Details are given and it is 
shown that this character remains constant whatever 
changes the variations above mentioned may effect. In 
anticyclones synoptic charts show great irregularity in the 
positions of cloud, &c., owing to local, diurnal, and other 
variations, but to a single observer, who considers the 
surroundings and physical appearance, a certain general 
character can be discovered in every part. A marked con- 
trast is shown to exist between the diurnal variation of the 
weather in a cyclone or anticyclone, and a probable con- 
nexion is pointed out between the diurnal variation of the 
weather and the diurnal variation of the barometer. ‘‘ On 
a Remarkable Barometric Oscillation on January 30, 1876,” 
by Robert H. Scott, F.R.S. At 8 a.m. a remarkable dip 
appeared in the barometric curvefor Armagh. The total 
amount of reduction of pressure was .097 in. in 25, and for 
a portion of the time from 8.5 to 8.10 the fall was .058 in., 
being at the rate of .697 in. per hour. On looking to the 
other barograms it was found that while a very similar 
oscillation of slightly greater amplitude .102 in. appeared 
at Aberdeen at noon, almost exactly four hours subse- 
quent to the occurrence at Armagh hardly a trace of dis- 
turbance could be detected in the barogram for Glasgow, 
and yet the last-named observatory lies almost on the direct 
line between Armagh and Aberdeen. The barograms for 
Stonyhurst and Halifax showed as little disturbance as 
Glasgow. At Dunecht Observatory the oscillation took 
place somewhat earlier, and exhibited less intensity than 
at Aberdeen. At Bidston, however, which lies more out of 
the probable path of the depression than Stonyhurst, the 
oscillation is seemingly recorded with considerable dis- 
tinctness. ‘Temperature showed no appreciable change at 
Armagh, Glasgow, or Aberdeen. At the time of oc- 
currence of the minimum a temporary change of direction 
and increase of velocity of the wind is recorded both at 
A h and een. ‘The Arched Squalls of the 
Neighbourhood of the Trade Winds, and of those Regions 
where the Monsoons Blow with Slight Force and with In- 
terruptions,”’ by Captain H. Schiick. 
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NOTICES OF MEETINGS. 

THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, December 
4th, at'8 p.m, Continued Discussion on “The Progress of Steam 
Shipping.” 

Tae PHYSICAL SocrkTy.—Saturday, December 1, at 3 p.m., 
“The Telephone.” By Professor Graham Bell. 


ENGINEERING. 


FRIDAY, NOVEMBER 30, 1877. 











THE INSTITUTION OF CIVIL 
ENGINEERS. 


THE animated discussion on the organisation of 
the Institution of Civil Engineers, which closed the 
last session of that body, appears likely to be re- 
newed, with equal if not with even greater warmth, 
It will be remembered that a long-cherished idea 
of the Council took a practical shape last spring, 
and the proposal to establish a new and inter- 
mediate class of members was laid before the Insti- 
tution. After a rather vague and feverish dis- 
cussion amongst the members, a ial meeting 
was convened, and the Intermediate Member scheme 
came to a sudden end, thanks to the prompt and 
wise action of a prominent member of Council, A 
somewhat extended transfer from the Associate to 
the Member class followed, and with this the 
session closed, and the question was set at rest for 
the time. The difficulty which exists is not likely 
to be easily removed, but we believe that efforts are 
now being made by members, both of the Associate 
and the Member classes, for such action as shall 
lead to certain modifications, and prevent the reap- 
pearance of difficulty in the future, 

@ present grievances all w from, and are 
subordinate to the allegation Sone the Council, 
that that body does not direct the business of the 


Institution according to the Charter, and further 
that it administers according to certain unwritten 
rules, instead of by the clearly defined and printed 


be guided. From this it has resulted—so it is 
alleged—that the letter and spirit of the Charter 
have been alike disregarded; that the class of 
Associates, originally intended for those associated 
with, but not engaged in the profession, has gra- 
dually been so altered that the great majority of 
its members are actually engineers, a of whom 
are qualified under the bye-laws for Membership, 
but from which rank they are excluded by the arbi- 
trary action {of the Council, which while ostensibly 
acknowledging the printed rules, actually make the 
election or rejection of a candidate dependent upon 
tests they themselves apply, and this can be done 
without challenge, since the Council cannot be called 
upon to give any reason for the rejection of an 
applicant. By this consistent irregularity, and 
the neglect of the existing laws, it is further alleged, 
that the constitution of the Institution has diverged 
far from what was intended by the founders, that 
many members do not receive justice at the hands of 
the Council, which withholds from them arbitrarily, 
the rights they claim to possess under the Charter, 
and that if no radical charges be made, it is evident 
that the dignity and interest of the Institution will 
suffer, either as the natural: result of a prolonged 


India | disregard of its established regulations, or through 


the combined action of aggrieved members, who may 
precipitate events by more or less judicious combina- 
tion and pressure. 

We may without difficulty imagine the replies that 
may be made by the Council against these allega- 
tions, They would probably admit at once that they 
have to a certain degree substituted other rules for 
those written in the bye-laws; that they do not 
consider the printed qualifications for the admission 
of Members sufficiently stringent; that the admis- 
sion of engineers into the Associate class is an in- 
fringement of the Charter; and they would pro- 
bably add that they propose to continue their now 
established system, in order to uphold the dignity 
and high character of the Institution. 

If this be substantially their reply, and the action 
taken seems to show clearly that it is, there is little 
doubt.that sooner of later either Members or Council 
will have to yield, since it is evident that an active 
feeling of discord cannot continue to exist within 
the walls of the Institution. 

So many years have passed since the Charter was 
drawn up and the rules prepared, and so many 
radical changes have taken place in the profes- 
sion since that early time, that possibly modi- 
fications of the original scheme are necessary to 
provide for the present condition of things, but it is 
evident that if any such modification is required, 
it should be made with the full knowledge and 
approbation of the members. But we do not think 
it is at all clear that any such modification is neces- 
sary. ‘True, the aspect of the profession has 
entirely changed since the Charter was granted, 
Then there were but few engineers, all of whom 
were more or less eminent, there were still fewer 
contractors, and those acted solely under the 
orders of the engineer. At the present time 
all this has changed. Work does not flow 
through a limited and narrow channel; it has 
ceased to be a practical monopoly, and is distributed 
widely into many hands, ‘The contractors of 
to-day are a new race; many are able engi- 
neers, planning and executing their own works, 
with an originality and boldness that would not 
seldom alarm many of the old school of engineers, 
Indeed we think that the time will come when the 
relative positions once occupied by the contractor 
and the civil engineer will be reversed, and that the 
latter will become subordinate to the former. Since 
the Charter of the Institution was granted the 
great development of industry has called into 
existence a very large number of engineering 
manufacturers, many of whom are engineers in the 
true sense of the word, while many others are a 
men of commerce, who hire the technical ability 
ne to carry on their business, and are able to 
turn it to profit. 

But it appears to us that though the development 
of the ession has been so great, the provisions 
in the Charter of the Institution are still sufficient 
for all requirements. The original idea of the two 
classes still holds as good as the day it was proposed, 
in spite of the great increase in the number of 
members of the body corporate. But it is also 

evident that no engineer should belong to 
the Associate class, but all should be Members in 
the full sense of the word. That is to say that all 





laws, by which it 


is supposed the Institution should 





—— ualified under the bye-law should be eligible 
or Membership, and that these qualifications should 


be tested, not by the personal views of the Council, 
but according to the directions clearly laid down. 
That this principle is too often disregarded is 
evident from the fact that some names appear 
amongst the list of Members that ought to be in 
that of the Associates, while a still greater number 
of the Associates should in all justice have been 
enrolled as Members, It is alleged that great 
difficulties exist in determining the class to which 
applicants shall belong, and if elections are made to 
depend upon the personal views of the Council, it is 
evident that such difficulties must exist. We con- 
sider that here is a serious ground for complaint. 
If in the opinion of the body forming the Institution 
the qualifications nee § for membership are too 
slight, there would be little difficulty in modifying 
them to suit higher requirements ; and the members 
are justified in insisting upon a clear knowledge of 
the principle upon which the Council acts in makin 
their elections, and if these principles are approv: 
of, in embodying them into a bye-law that shall be 
strictly carried out. The position of the Council in 
reference to the Members is analogous to that of a 
board of directors to a public company, which is 
appointed tocarry out adefiniteadministration forthe 
general welfare and development of the undertaking, 
and the Council is no more justified than a board 
of directors would be in substituting a new and 
unknown code for the articles of association by 
pate "on stockholder supposes his interest to be 
rded. 

We do not think that the present difficulty is one 
to be evaded, still less is it one to be overcome by 
any spirit of ee On the contrary, the 
united action of both Members and Council is ne- 
cessary to repair the errors into which the adminis- 
tration of the Institution has drifted. 

We believe it must be admitted that the prolonged 
tenure of office in the Council lies at the root of the 
difficulty. Traditions, which the progress and 
growth of the profession render it necessary should 
become extinct, are more carefully fostered than 
would be possible if t and frequent changes were 
made in the Council. Principles, perhaps good in 
their time, but unsuited to existing circumstances, 
would no longer be carefully preserved and acted 
upon, if the governing body were changed more often, 
and the requirements of the Institution would also be 
studied from far more points of view, and therefore 
become more intimately known. Such a reform 
would be effected by the resolution, that new Mem- 
bers of Council should be re-elected every year or 
every second year to the extent of one-half or one- 
third the whole number, reserving the principle that 
any old Member of Council removed to make room 
for a new one, should be eligible for re-election at 
a future time. By this means the whole of the 
directing body would be completely changed perio- 
dically, and at the same time the services of the 
most useful men-would not be lost to the Institution. 

Further, we believe, it will be found necessary to 
revert strictly to the original spirit and meaning of 
the Charter; to admit as Members all omnia 
qualified by the letter of the bye-law, and thereby 
transferring the majority of the Associates to the 
Member class, but leaving all true Associates as at 
present, and recruiting them in the future only by 

rsons connected with the profession more or less 
intimately. Such engineers as could not comply 
with the prescribed qualifications may be well con- 
tent to wait until they were so qualified, and the re- 
luctance to dilute largely the select ranks of Mem- 
bers with the more numerous engineer Associates, 
is based on sentimental or on selfish motives, which 
should not carry any weight. And, indeed, we may 
point out that the Member class is not so very select 
that its doors should be so jealously closed against 
qualified applicants. 

The more the subject is studied the more evident 
does it appear that the spirit of conservatism which 
has attenied the Institution from its earliest years 
must give way to a more liberal paliey, that it may 
keep abreast of the progress of the profession it re- 
presents. And if the members of the Institution 
consider that the time has come for revising and modi- 
fying the existing organisation, two things are abso- 
lutely necessary : first, that they should know — 
their own minds upon the subject; and, second, 
that having arrived at their resolutions, they should 
by united action carry these into effect, The matter 
rests entirely in the hands of the members, not with 
the Council, but until the former shall decide upon 
what is really required, and act in unison, the latter 
can only administer the affairs of the Institution 





according to existing practice, 
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THE ROYAL NAVAL COLLEGE. 

‘From the opening in October, 1873, up to the 
present time (September, 1877] not a single British 
private student of naval architecture has entered the 
college.” This sentence occurs in a paper read by 
Mr. W. H. White before the Institution of Naval 
Architects at Glasgow,* and refers to the Royal 
Naval College at Greenwich, during the period 
which has elapsed since the absorption into it of the 
Royal School of Naval Architecture. Mr. White’s 
statement apparently took many of his hearers by 
surprise, a surprise which cannot have been lessened 
by the rest of his paper. The more, indeed, one 
knows of some of the advantages offered by the 
School of Naval Architecture to outsiders, the more 
one is astonished that they were so little utilised. 

The late School of Naval Architecture—the third 
such institution which we have had in this country— 
was opened in 1864, and was intended to train 
private students as well as men in the Admiralty 
service. During the nine years of its existence, 
however, only thirty-eight private students joined 
it, and of these fourteen were foreigners. It scarcely 
had an average, therefore, of three English private 
students entering each year, and of these, few, if 
any, were really sufficiently well prepared to profit 
fully by the course of instruction in it. In 1873 
the school was absorbed into the Royal Naval 
College at Greenwich, with the result, as to private 
students, already stated. 

Mr. White did not attempt, in his paper, to ac- 
count for this remarkable failure to attract private 
students; he took up facts rather than speculations, 
and confined himself to describing in considerable 
detail the course of study now followed at the 
college, and to giving some illustrations of the work 
actually done by the men under the care of himself 
and his colleagues. Reasons, however, must exist 
for this failure, and it may be worth while to examine 
them briefly. Some of them, at least, do not lie 
very far below the surface. In spite of the 

rominence which was accorded to the school 

uring its existence in the Proceedings of the 
Institute of Naval Architects, we confess to doubt- 
ing whether it was ever really well known. No 
doubt the fact of its existence was tolerably widely 
known, but the circle within which its working was 
understood, and the real advantages which it offered 
realised, remained always very small. The school 
offered an especially complete and well-arranged 
(although somewhat long) course of instruction in 
the scientific part of a special profession. The 
members of that profession, in general, had had no 
such training themselves, and although they might 
admit, on being pressed, the real value of such a 
training for their successors, they could hardly be 
expected to be spontaneously very enthusiastic 
about it. The change was too great to be received 
cordially all at once, however clearly its utility, if 
not necessity, might be demonstrated. Moreover 
the men who were most energetic in pushing it on 
were for the most part, if we remember rightly, 
Admiralty men. Many of these gentlemen were 
most highly distinguished in their profession, and 
several were all the more capable of estimating the 
value of the school that they had been themselves 
connected with one of its predecessors, But the 
mere fact that they were or had been connected with 
the Admiralty would be sufficient to weaken their in- 
fluence with many. The relations between the 
private shipbuilder and the Government official are 
not always most cordial, and the former is apt 
to give himself the superior airs of a “ practical 
man” in speaking of the professional knowledge and 
capacity of the latter. ‘Thus it happened that a 
very large class of those who might most easily have 
rendered the school a great success had they chosen 
to do so, were content to look on passively, nomi- 
nally acquiescing in its ay —— kill. 
ing it by lack of active interest, Had the school been 
a private venture means might have been adopted to 
force it into notice, to compel attention being 
directed to it, and to do this so continually as to 
render its dropping out of sight, even of those least 
willing to see it, impossible. But a Government in- 
stitution could not well be handled in this way. 
The Admiralty wanted the school for its own men, 
it freely offered its advantages to outsiders, and if 
these did not choose to utilise them it left them to 
themselves. Its direct object was being served, for 
the loss was not that of the Admiralty but of the 
profession at large. 

Since the removal to Greenwich all the influences 
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tending to keep away private students have been in- 
tensified, while there has really, we believe, been no 
general knowledge as to whether or not private 
students could be still admitted, and if admitted, on 
what terms. Mr. White’s paper makes this quite 
clear, and we are glad that it was resolved at Glasgow 
to circulate it extensively, But the authorities of the 
Royal Naval College must not suppose that this 
is more than a single step towards the desired end. 
If they really wish to secure any considerable 
number of private students they must, we fear, 
make up their minds to keep themselves continually 
before the public, or at least that particular portion 
of the public with which they are concerned. If 
it be not consistent with their duty or position to 
act in this respect as they would were the college a 
private institution trying to secure pupils by every 
possible means, they may probably remain long 
enough without any private students, as they are at 
present, Unfortunately our professional men have 
as yet to be tempted and coaxed to make use of such 
opportunities as the college affords them ; how long 
it may be before the tables are turned we cannot 
say, but there does not yet seem to be much sign 
of it. 

The School of Naval Architecture, as long as it 
had a separate existence, was practically open to all 
who chose to pay the necessary (very moderate) 
fees. It was found, however, as we have already 
noticed, that few of the private students came to it 
with sufficient previous knowledge of mathematics 
properly to follow the lectures to which they 
listened. The existing arrangements at the Royal 
Naval College obviate this by insisting on an 
entrance examination* in mathematics. The wisdom 
of this we cannot doubt, but although the mathe- 
matics required for this examination is not much 
above what a clever lad may have learnt at school, 
its mere existence has probably enough had some 
deterrent influence on intending (private) students, 
The Admiralty students have spent the five or six 
years before joining the college at a dockyard, where 
they not only become familiar with practical work, 
but ‘concurrently . . . . receive a mathematical 
training which is much in advance of that required 
to pass the entrance examination .... On entry 
the average Admiralty student possesses a know- 
ledge of the differential and integral calculus with 
their application to mechanics, &c.’”” Here probably 
a real Aificulty lies, which it may require some care 
to solve. The private student has no corresponding 
period during which he is receiving both practical 
and theoretical training. If he go to the college 
straight from school, or after a year’s interval of 
study, he may have no difficulty in following the 
lecture so far as mathematics is concerned, but he 
will have had no practical knowledge, and will be at 
great disadvantage on this account. If, on the other 
hand, as seems in this case preferable, he goes to 
the college after his apprenticeship, he must. take 
much more trouble during that period in keeping up 
and extending his mathematics than most young 
men do. This, however, is at any rate possible, and 
in this way a man might be fairly well prepared for 
commencing at the end of his apprenticeship such a 
course as that of the Royal Naval College with a 
fair prospect of profiting by it. 

It is natural enough that with an overwhelming 
majority of Admiralty students, the work of the 
college should be chiefly in connexion with ships of 
war; but we notice that Mr. White says distinctly, 
‘Tf students from the private trade joined the college 
we should be very happy to further their work on 
the design of merchant ships.” 

There is only one matter in Mr. White’s paper 
to which we must take exception. He says, 
*« It has been suggested that in this country we need 
a normal school resembling the French Ecole Polytech- 
nique, wherein students might be trained for all 
the mechanical professions in the subjects common 
to all, while there would be special departments 
from which the more advanced students might pass 
into colleges established for completing their educa- 
tion for theseveral professions, There will be little 
difference of opinion as to the desirability for such a 
Technical University, but pending its formation it 
seems possible for private students to obtain the 
preliminary education described at any of our great 

orts.” There is always a great attraction about a 
— and very vague scheme of this kind, but we 
have the most profound disbelief in the possibility 
of bringing such plans into existence by a process of 





* See the Admiralty Circular quoted in Mr. White’s 


paper, page 323 ante. 





creation from nothing. We believe in gradual 
evolution here as in other matters, The conditions 
of technical life (if we may use the expression) 
abroad and here differ so essentially that one might 
almost say 4 priori of any institution copied from a 
French or German model that it would be a failure 
here—reasoning, that is, on the supposition that the 
institution is really successful in its own proper 
‘‘environment.” It would be far wiser, although 
doubtless not so popular, for the City companies to 
spend their money in helping forward technical 
education along the lines in which it is already 
moving, and with the aid of existing institutions, than 
in putting upa big building on the Thames Embank- 
ment, and calling it a “‘ Technical University.” Con- 
sidering that men seem to be able to prepare for the 
examinations of the London University in all parts 
of the country without extraordinary difficulty, we 
may fairly assume that sufficient teaching appliances 
exist to give them enough mathematics for the 
entrance examination at the Royal Naval College. 

But this question was one whith only occurred 
incidentally in Mr. White’s paper, and does not in 
the least affect the main drift of it. We heartily 
hope that one result of hisclear statement, of the 
nature of the work now being done in the depart- 
ment of the college which represents the School of 
Naval Architecture, may be to lead private ship- 
builders and others to recognise more fully the 
value of the training given there, and to show their 
sense of that value by endeavouring to send students 
to it. 


THE ACCURACY OF INDICATOR 
DIAGRAMS. 
(Continued from page 383.) 

In the second series of experiments undertaken 
by Professor Berndt, the springs were heated by a 
jet of steam of a little over atmospheric pressure 
until a thermometer placed in the spring indicated 
90 deg. Cent. (194 deg. Fahr.) In other respects 
they were carried out in exactly the same way, and 
with the same apparatus, as the experiments already 
described. The springs tested were the same as 
before, with the addition of F and G. 

The results of the experiments are summarised in 
Tables IV. and V., for which a few words of ex- 
planation will suffice. The length of the spring is 
first recorded, both cold and hot, These lengths 
do not in all cases correspond with the lengths given 
in Table II., as it was found necessary to re-mark 
some of the springs. The third line of Table [V. 
gives the length under the maximum load recorded 
in Table V., the maximum compression being the 
difference between the second and third lines of 
Table IV. The fourth and fifth lines of the same 
Table record the effect on some of the springs of 
removing and reapplying the maximum load two or 
three times, and also of setting the spring gently 
in vibration, while the maximum load was resting 
on it. The sixth and-seventh lines show the final 
length of the spring, still kept hot, when the weights 
were removed, after it had been a little stretched by 
hand in the way formerly mentioned. The eighth 
line of Table IV. shows, lastly, the observed lengths 
of the springs after they had become cold. Table V. 
is arranged in exactly the same way as Table I[., and 
needs no further explanation. 

Before calling attention to the inferences to be 
drawn from these Tables, it will be well to remind 
our readers once more that in all the direct measure- 
ments in millimetres the second place of decimals is 
only approximate. The vernier of the kathetometer 
could te read absolutely only to 0.05 of a milli- 
metre, smaller quantities being estimated. There 
may always therefore be an error in the reading of 
about 0.02 of a millimetre, and no doubt some small 
discrepancies which appear on the surface are to be 
accounted for ia this way. 

The defects in elasticity which showed themselves 
in the first series of experiments become still more 
apparent in those now before us. A comparison of 
lines VI. and VII, in Table [V. with line LI. and of 
line VIII. with line I. show that the springs by 
no means recover their original condition after strain. 
In the case of the spring E, one which had been a 

deal used, there was a set of 0.85 of a milli- 
metre, which would correspond to an alteration of 
about 4 lb. per square inch on its indicator card.* 


* Another set of experiments upon this spring gave even 
worse results. It would be not erst to think that 
the connexion between the spring and its brass rings had 
been sprung a little in use, and this may possibly have been 
the case, but the spring C,, which had been very little used, 
shows also a good deal of set. 
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But looking even at the springs least used, and other- TABLE IV. 
wise in the best condition—as B, for instance—the 
set is quite yar gg In the ~ = C, = - Spamres. 
the maximum load was removed and reapplied, aes 
without shock, two or three times, and in both (Lengths given in Millimetres). . 
instances the compression was very notably in- A;. | A, | B. | C,. | Oy | Dy. D,. E F. rel 
qsensee Mast, - See spews Cy Ne Be es. Cadadtodinone 45.31 | 47.24 | 46.87 | 46.25 | 43.39 | 97.20 | 38.88 | 41.15 
were set in ag oon a ae ee ~ "hot 1. | 45.86 | 47-29 | 46.87 | 46.20 | 43.41 | 37.20 | 38.93 | 41.26 | 49.74 | 47 58 
their maxiaum , and always, 10 will be seen,|3. Length under maximum load (hot) ... __ ...| 30.09 | 29.49 | 29.02 | 32.68 | 28.46 | 20.78 | 24.50 | 23.83 | 31.38 | 29.70 
with the same result—the increased compression|4, |, after several removals and reapplica- 
being very marked in every case. With some of the tions of maximum load (hot) sao 8 ks $2.87] ... | 20.24] ... | 
springs ty thy orp - also wane on at] 5. ——_ —_ being aren ory 5" in vi- ae a | site 
smaller loads, and always with a perceptible increase oration under maximum 410 OE)... evel ove oe te : ; ts -13 | 23. 
of compression, the alteration being naturally, | * — after a few millimetres extension 45.28 46.79 36.82 
however, less marked with the smaller pressures, 7. Final length after such extension repeated) | ; is gh ¢ apis Tying write Bp, 
The first part of Table VI. will enable a com- twenty times (hot) ... dos Ads, RE ad ay .. | 45.91] 48.88)... | $8.77 | 41.01 ; 
parison to be made between the compression of the | 8. Final length cold ae ibe his ...| 45.24 | 47.17 | 46.74) 45.938} ... | 86.85] ... | si ; a 
springs cold and hot, that is between Tables II. and 
Vv. The mean compression per kilogramme is 
distinctly, but not very greatly, different in the two TABLE V. Sprine Dy. 
cases, the hot springs having sometimes a greater SPRING A). Mean compression per kilogramme ... 1.59 mm. 
and sometimes a less mean compression, Column IV. Mean compression per kilogramme ... 0.90mm. 
in Table V. eye that the o — wh anges i. II. | Il. IV. | Vv. VI. | VIL. 
springs under load was exceedingly irregular. e *\8./p: F — 
pe compression per kilogramme was at the a a3 gs mae ~~ Cece a 0.75| 1.13] 1.51) —.08 | 5.0 —.09 | 5.1 
least load in A,, Ay, B,, C,, and Cp, and at or near 33 Bg | EM | Oe ee eR Re ae 
the greatest load in D,, Dp, and E, while in most of | 4 AE BS | 9.0 | 14.43) 1.60} +.01 | 0.6 00 | 0.0 
the springs the changes in compression at medium oa15 | Absolute Per | apsolute.| ~& | | y 
loads seem to follow no as whatever. . a *| Cent. *| Cent. > m8 
The percentage of difference between the final a ho ae peng PRING E, 
cunpninhan of the springs hot and cold is somewhat L. Tr. | ut |__¥. : we] VI. vi. Mean compression per kilogramme ... 0.98 mm. 
greater than that between their mean compressions.} 1.5 | 1.50 | 1.00 +.10 11.1 +.15 17.6 l 
But (as is shown in Table VI.) the final en = a os ” of 7 - I. II. | III. | IV Vv. | VI VIL. 
er kilogramme hot is in every case (except that of E, . . eh. 9 . : . 
where there is no difference) greater than that - tet bed pm Hr Me . br 136 | = ray ry a - 
measured cold. ;' | 9.0 | 8.92) 0.99) +.01 10 | +.08 | 31 
The results of Berndt’s experiments up to this 13.5 13.55 1.00 | +.02 | 2.0 + .04 4.2 
point cannot, of course, be applied directly to the Spring A.. 18.0 | 17.87 | 0.96) —.02 | 2.0 .00 0.0 
springs when working in the indicator cylinders, Biensaceianseden cettiibimnatate 1.78 mm 
heir value lies in giving us some —_* how far P 2s =— Since i socal 
such springs as have been ordinarily used in practice PRING F. 
are seally themselves elastic, onl how far their) 7. | U. | UL | Iv. v. VI. VII. | Compression per kilogramme at maximum load 1.22 mm. 
elasticity is impaired by use. It must be confessed} 9 14] 0.96/ 1.82 | +.04] 2.2 +.07 | 4.0 
that the results are not very encouraging. In every] 0.64] 1.16] 1.80 +.02 1.1 +.05 2.9 ) EE. | III. IV. | Vv. | VI. VII. 
case the change in the length of the spring for a} 1.14] 2.00! 1.75 | —.03 | 1.7 00 | 0.0 Se a ee ae ae 
given change in load varies very much according to} 4.14) 7.49/ 1.81 | +.03 | 1.7 +.06 | 3.4 ao aes = | | = “y: 
whether the latter change occurs near the minimum aa se a o = 3 + = : : 22 | : ; 
or near the maximum load of the spring. The . r ; ‘ ‘ : 
greatest variation from the mean compression always | ——————_—— st Sraine G. 
occurs at the smallest loads, being in Come cnans Sprina B. Compression per kilogramme at maximum load 1.19 mm. 
15 per cent. at a load of one-twelfth the maximum. Mean compression per kilogramme ... 1.00 mm. 
But, at least in the case of the hot springs, this |} ——— iT CT Ce Maes ene ee Iv | Vv VI | VII 
variation is sometimes an excess and sometimes a} , | yy | ut. | Iv Vv VI vir fe 2. ‘ : : . : 
defect, as will be seen, for instance, by comparing a Peek aa i " ‘ ‘ 12.0: | 14.16 | 1.18 : -0.1 | 08 
A, and C, with D, and EK, 1.5 | 1.55} 1.03 | +.03 | 3.0 +.04 | 4.0 15.0 | 17.88 1.19 0.0 > 0.0 
4.5 | 4.50 | 1.00 -00 0.0 +.01 1.0 ) 
9.0 | 8.80) .98 —.02 2.0 —.01 1.0 ma 
13.5 | 18.35) .99 | —.01 1.0 00 | 0.0 time on an investigation as to what scale would give 
18.0 |17.85| .99 | —.01 | 1.0 00 | 0.0 | the best readings if the springs were free. 
One more question, however, must be touched 
on here, it is illustrated by the latter part of Table 
_ Srrtne C;. VI. The experiments we have described show the 
Mean compression per kilogramme_..._ 0.84 mm. compression of — springs agen certain loads placed 
| directly upon them, and the relation between the 
‘ a. | a | | ws | Vi Vil. compuuntins and the loads. We know the dia- 
1.5 | 144/096 | +.12 | 143 +.18 | 23.1 meter of the indicator cylinder in each case, and 
4.5 | 3.86/ 0.86 | +.02 2.4 +.08 | 10.3 the ratio in which the compression of the spring is 
9.0 | 7.30] 0.81 | —.03 3.6 +.03 3.8 | increased by the parallel motion; these were all 
13.5 | 10.65 | 0.79 | —.05 | 6.0 +.01 1.3 | carefully Mad by Professor Berndt, and the 
17.5 13.62 | 07 | —£6 a1 0 0.0 results have already been given in Table I. We 
a - —__—____—_________——_ | are, therefore, able to calculate the scale of the 
s C diagram for each spring in its own indicator, neglect. 
re ing piston friction, leakage, &c. The question 
Mean compression perkilogramme ... 1.67mm. arises, how does this scale agree with the scales 
tie Seth Me pHs provided by the makers for the spring, and, there- 
I, | It. | Il. | IV. | V. VI. VII. | fore, universally used at rt ce —— of 
2% SEPT Wea more easy comparison we have reduced all the scales 
Hr | yo : - pe | 9 i | by to pounds per inch, like those we are in the habit of 
_ After the spring has reached about a quarter of| 6.00 | 9.96| 1.66 | —.01 0.6 00 0.0 using. Under the double line in Table VI. these 
ron go however, it behaves much more | 9.00 | 14.95 | 1.66 | —.01 | 0.6 00 0.0 pre oo ante oa a a pee Pipe 
uolformly, Tables II. and V. show this distinctly} 4 ss ‘ ’ for | 
enough, but it will be made still more evident by the hot a promny — is given ae — 
annexed figure, in which the results of portions Spine D,. supplied by the makers for each spring and at the 
ad those Tables are plotted down. ‘The full Mean compression for kilogramme ... 0.51 mm. erie * _ : apt es og al byes | 
ines correspond to Table II., the dotted lines to eri etween we acuuA , , a 
Table V., the loads are set off horizontally, and the} I II. | III. IV | Vv VI. VII the scale commonly used for the same springs ia 
compressions vertically, ‘The curves make it evident | —— |——— |——— the indicator. We may just give one illustration 
enough that if a scale corresponding to the mean aa = 2 | — | . —— = of the meaning of the eee ry me mes spring 
i le " y aa hr 7 cnc + ( its maximum lom logrammes 
Pog sy eg er pe: SnOE. Soreniaaee Nee, Mile ase 9.0 | 4.65 | 0.52 | +.01 | 2.0 ~ 0% 3.7 -- Chew ees a paid find it to be pont tra vi Olan 
to the full were used to measure the pressures, | 13.5 | 6.83 | 0.51 00 | 0.0 —.03 5.6 I ’ ‘ Caloulatine ft + 
its indicxtions would in most cases be fairly accurate] 18.0 | 9.08 | 0.51 00 | 0.0 | —.03 | 5.6 | or 1.56mm. per kilogramme. Calculating from the 
between those limits, But we shall find further] 31.5 [16.42 | 0.52 | +.01 2.0 —.02 3.7 dimensions of indicator C given in Table L., we find 
on that the altered conditions of working in the| 31-5* |16.96 | 0.54 | +.08 | 5.9 00 0.0 ip ae! I to a er verte of = - 
indicator change the behaviour of the spring in so per inch, te., that ib. pencli wou neg inch 4 
many respects that it is not worth while spending * Twice removed and reapplied. See Table IV. lin. for every 19.61b. pressure per square inch in 
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TABLE VI. 
SPRINGS. 
(Compressions given in Millimetres.) 
A, As B. Cc, C;. D,. D,. | E. F. G. 
war: 
i kilogramme, springs cold) 0.89, 1.79) 0.97) 0.85) 1.64) 0.53; 1.50) 0.98 
storage” * hot...| 0.90! 1.78} 1.00] 0.84] 1.67) 0.51| 1.59) 0.98 
Difference per cent. of former... ide of ‘toes |—0.6 |+3.0 |—1.2 |+1.8 |—3.8 — | 0.0 
| | 
i i kilogramme, i ld) 0.84, 1.73) 0.95) 0.77) 1.56) 0.51) 1.57) 0.96 
82 ae ee of SPeot ..| 0.85| 1.75| 0.99| 0.78] 1.66) 0.54 1.60} 0.96 1.22| 1.19 
Difference per cent. offormer | +1.2 [41.2 |+4.1 |+1.3 [+64 |+5.9 [+19 | 0.0 
oe ==—=S=SSS=-_ a: —| = => = -_ ey ee =— a 
Scale for indicator ) Mean compression cold ...| 39.1 | 19.4 | 29.1 | 36.0 | 18.6 | 68.9 | 24.3 | 35.4 
cards, pounds por (., «bob | 98.6 | 19.5 | 98.9 | 984./ 188 | 716 | 9 35.4 
inch, corresponding ( Final - cold ...| 41.4 | 20.0 | 29.7 | 39.7 | 19.6 | 71.6 | 23.2 | 36.2 
to: o9 - hot ...| 40.9 | 19.8 | 28.5 | 39.2 | 18.4 | 67.6 | 22.8 to 22.7 | 23.7 
Scale supplied with spring, pounds perinch ... 44.26| 22.13} 30.0 | 45.1 | 20.7 22.13 | 44.28 24.0 | 24.0 
} 
Difference between) Mean compression cold ...) 13.2 | 14.1 3.1 | 25.3 | 11.3 —8.9 | 25.0 
actual scale and 99 ” hot ...) 14.6 | 13.5 6.4 | 23.9 | 12.9 | -0.3 | 25.0 
scalesupplied, in per ( Final a cold ...| 6.9 | 10.6 1.0 | 13.6 5.6 —4.7 | 22.3 
cent. of the former : 9 - hot 8.2 | 11.8 5.2 | 15.1 | 12.5 |-0.3 | 22.3 5.7 | 1.2 














the cylinder. The scale supplied with the spring 
reads 20.7 lb. per inch. Every ordinate measured on 
this scale will, therefore, read 5.6 per cent. higher 


the contents of books whose titles seemed to pro- 
mise that they would supply it. We are, therefore, 
the more pleased to be able to say that Mr. Shann’s 


than it would do were it measured on a scale corre- 
sponding to the actual final compression of the 


free spring, cold. The percentages in Table Vi. | 


are startling, to say the least. Even remembering 


that the springs in the indicator do not behave as 


little book does do this to a considerable extent, and 
will be correspondingly useful to, and doubtless used 
by, young engineers, 

The author speaks modestly enough of his own 
work in saying that ‘‘ it is based almost exclusively” 


they do when free, it is still somewhat astonishing|on Rankine, Zeuner, and Clerk - Maxwell, No 
to come upon these differences of 15 and 20 per| doubt every elementary book on this subject must 


cent. The differences seem to be very irregular, 
the much-used spring E having an enormous dif- 


be based on the work of these and a few other great 
investigators. The presentation of results, however, 


ference, while the spring F, also much used, has a| in a form which shall be at the same time elemen- 


much smaller one. 
well, but C,, ‘‘ very little used,” again shows a very | 
large percentage of difference. It will be noticed | 
that all these percentages le in one case with | 
D ), are in excess, The effect of the additional re- 

sistances, &c,, of the indicator will always be, 
therefore, to reduce it, by increasing the panes | 
necessary to cause a given compression. We shall | 
return to these figures further on. 





and G, both little used, show | tary in method and mathematically exact in reason- 


ing, isa task of very great difficulty, and one which 
requires in any one who would carry it out an ex- 
ceptionally thorough knowledge of his subject. It 
is just this task which Mr. Shann has successfully 
undertaken in the little book before us. If he has 
not added anything in it to the science of Ther- 
modynamics, at least he will have added considerably 


| to the knowledge of that science possessed by many 


We have already said that all the indicators were | Whose professional work is very closely related to it, 


considered to be in fair working order. It is only 
right, however, to mention (what we find on inquiry | 
to be the case), that the makers of indicators A, D, | 
and E no longer make that type of instrument, but | 
only a type more resembling the English instru- | 
ments in ratio of increase of stroke (see ‘Table I.) and 
other things. With the change of type it is probable | 
enough that the accuracy of manufacture has been 
improved, ‘Those instruments, at any rate, are not 
of a kind which are met with in this country. 

It should also be mentioned that it has been a 
matter of some difficulty to say in some cases what 
scale has been supplied with the spring. The 
German springs have not, or at least had not until 
lately, the scale indicated on them (as with ours 


| and who otherwise might remain in ignorance of it. 

The first three chapters of the book treat generally 
of those effects of heat which are of importance ip 
connexion with the subject, and their graphic re- 
presentation, including the nature and properties 
of isothermal and adiabatic lines. In connexion 
with the former the “thermodynamic function”— 
the use of which by Rankine has proved a stumbling- 
block to so many young readers of his ‘Steam 
Engine,” and which Clerk-Maxwell has by no means 
succeeded in making clear—is explained in a way 
which can scarcely fail to be intelligible to any. 
Chapter IV. is devoted to an elementary proof of 
the common expression for the area of a rectangular 
figure having for one side a portion of an hyperbola, 





which in one transformation or another is so familiar 
in connexion with steam curves and indicator cards. 
|In Chapters V. to VII, the results which have been 
| previously obtained are applied first to a perfect 
| gas, then to natural permanent gases, and lastly to 





“4” .” &e.), nor was there any statement on 
the boxwood scales supplied with the instruments 
as to what the scales were intended to stand for. 
Measuring actually from the particular scales sup- 
plied with the instruments examined, the discre- | 

yancies are considerably greater than those given in | steam. 


‘able VI. The “scales supplied” of that table for| behaviour of air and steam in engines, tracing out | } > 


indicators A, D, and E are the scales for which it is | in detail, quantitatively, the way in which energy 
supposed that those supplied were intended, viz., | is transmitted through the machine, and a portion 
$ and yy of a (Rhenish) ‘nch per kilogramme per | of it converted into work. 
square centimetre. The scales for C are those| The author's definitions are good, and he has not 
actually supplied; we are unable to say how far | allowed his reasoning to be inexact because it is put 
they correspond to what they were intended for. | in an elementary form, All the essential parts of 
The intended scales for the English indicators are, | it can be followed easily by any one who has even 
of course, always known. |a very small knowledge of algebra. We should 
(To be continued.) | have said “all of it” without any qualification were 
| it not for Chapter IV., which is devoted, as we have 
) ry | said, to an elementary proof of an important expres- 
LIT E RAT U RE. | sion commonly proved by an iategualion. Although 
a8 in < 
An Elementary Treatise on Heat in Relation to Steam and 
the Steam Engine. By Groroe SHANN, M.A., late 


| literally elementary, its length and use of expan- 
| Sions will probably make it more difficult to many 
Scholar of Trinity College, Cambridge. London: Mac- 
millan and Co. 


readers than the easy integration which it replaces. 

Probably the author has not been acquainted with 
Sixce Professor Cotterill’s “‘ Notes on the Theory | Weisbach’s elementary proof* of the same expres- 
of the Steam Engine” fell out of print (we are glad | sion; it is certainly much shorter than his own, 
to see that the long-promised new edition is soon to | and seems to us much more likely to be un- 
appear) there has been absolutely no book in our | derstood by those to whom his book is addressed. 
language treating the steam engine theory mathe- | For a future edition, which will doubtless soon be re- 
matically and exactly, and yet in a way intelligible quired, we suggest this to the author’s consideration. 
to a reader unfamiliar with the calculus, as is done,|Some use of Zeuner’s notion of “ heat-weight” 
for instance, in the excellent book of Réintgen in | (Warme-gewicht) would not add much to Chapter II. 
German. We have frequently commented on this | — - ——— 
want, and about as frequently been disappointed in 














* Ingenieur und Maschinen Mechanik, I Theil. 


The two last chapters treat specially of the | gre 


and might help somewhat towards the right un. 
derstanding of the adiabatic process. We know 
no description of an adiabatic curve by help of which 
its nature can be better elucidated than curve of 
constant heat -weight. When so distinguished a 
physicist as Professor Zeuner admits this symbolical 
expression we feel quite content to do so. 

The construction for the hyperbola given on 

. 117 must surely have been given in forgetfulness, 

e direct construction of equal rectanglescommonly 
used does not take half the time of that given by 
Mr, Shann, and is not nearly so liable to draughts- 
man’s error. The less used method based on the 
theorem of the equality of segments of lines be- 
tween the curve and its asymptotes is even quicker, 
but not so convenient in most cases. 

The book is excellently printed and the figures 
are good, The only errata which we have noticed 
occur all together, oddly enough, in the very short 
preface. 


THE MIDDLESBROUGH NEW GAS TANK.* 
By Joun CHATTO. 
Tue writer stated that an attempt had been made to 








"| build a storage tank of a very large capacity at Middles- 


brough, the dimensions being 183 ft. in diameter, and 30 ft. 
in depth’; the result being a complete failure. The wall was 
formed of concrete 4 ft. 8 in. in thickness at its base, on the 
completion of which it was intended to build an internal 
lining of brickwork 9 in. thick to form the face of the tank. 
The concrete wall was completed for some 20 ft. in height, 
and the internal excavation forming the cone at the bottom 
of the tank was commenced, and it was at this time that 
the wall collapsed, caused by a row of adjacent houses 
giving way, and which rendered them unsafe for habitation, 
some of the cracks being as much as 6in. wide. Since the 
a of, the work the excavation has filled with water 
within a few feet from the top. In the months of March 
and May, Mr. Cail, of Newcastle, and Mr. Livesey, of 
London, were consulted as to the methods of carrying on 
the works, &c. 

The writer stated that he approved of the site for 
five reasons. First, because of its position as regards 
erecting a retort house, &c. Secondly, from a sanita 
point of view. Thirdly, as being near the town, which will 
reduce the cost of the mains to a minimum. Fourthly, 
because it is well adapted for utilising the ascensive power 
of the gas; and, lastly, because the land costs little or 
nothing. He then treated at some length the geological 
features of the district, and concluded by explaining that 
the site was formerly the bed of the Tees, and is formed of 
drift of the recent period, under which there is no regular 
stratum. The author then proceeded: We will examine 
the Middlesbrough drift as suitable for heavy foundations. 

The greatest depth attained is at Bolckow, Vaughan, 
= a Works, the boring of which presents the following 
strata : 


ft. 
Mud, loamy sand, and clay ... ove is 58 
Rock mixed with clay ... ned = eve 12 
Rock mixed with gypsum, ——s two 
beds of gypsum of 2 ft. and 6 ft. re- 
spectively, also the new red sandstone ... 69 
a dark 4ft. 1 in. 
ther ,, 39 ” ll 2” 
_ } »» light 95, 05, - 
Very ”? 47 ” 3° 


Giving a total in feet of ... ove ‘a 1306 
The salt is supposed not to have been bored through. 
The above strata cannot be en as a guide for founda- 
tions at any other part, for it is well known to local engi- 
neers that the drift} varies continually, and where the 
engineer has failed to gain a good foundation for bis work 

in one place, he has found it in another not more t 
30 or 40 yards distant. Piles have also been driven to a 
4 depth without success ; therefore the only reliable 
information is that gained either by sinking staples or 


und at site, Mr. Cail had a staple 
ft. below the surface, the strata of 


ring. 
With reference to 
sunk to a depth of 
which are as follows : 


ft. 

Clay 4 

Loam ... esa po eas én ie 10 

Peat see ees avs oo pss _ + 
Clay and vegetable fibre, and which we will 

call for convenience vegetable clay ese 38 


on 


Giving a total in feet of ode ae - 
Our next consideration will be the cause of failure. 
With all due deference to the opinions of Messrs. Cail 
and Livesey, I am, however, under the impression that the 
direct cause of failure has not yet been given, and which I 
now state as my opinion to be entirely , to the drainage 
of the surface water, and which I will now endeavour to 
prove. In the first place I have practically tested the sus- 
taining power of the ground in question, the samples chosen 
are those taken from between the peat and the vegetable 
clay, and in order that there shall be no mistake on this 
head, they are now on the table before you. The testing 
was conducted in the following manner : 

Estimated weight of building and 4 ft. slag foundation 
together with slag wall which has fallen=508 tons. 

This weight distributed over an area of 600 superficial 


feet= 8 — 946 of a ton per square foot. 








* Abstract of a paper read before the Cleveland Iron 
Trade Foremen’s Association. 
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As theslag varies in weight, the piece on the table was taken 
from the site and weighs 5 lb., and which displaces 27.55 
cubic inches of water, 1 cubic foot of slag will therefore weigh 


5x1728 _ 313.6 Ib. 
97.55 


The sample was then pressed firmly in a perforated 
cylindrical vessel 4} in. deep, the outside being wrapped 
closely with hemp, and which prevented {any of the soil 
from ¢ scaping, while it left room for the water to drain 
off; on the top of this was placed a piece of wood 4} in. 
in diameter and which fitted loosely in the vessel, and 
on the top of this again was a | a direct weight of 


4.125 x 7854 x 846 _ 9795 of a ton=175.8 Ib. This being 


144 
the proportional weight of the building the following is the 


rate that the ground 





In 12 hours $ of an inch 
oi 2 is pa 1 ine 
ie Tae ja ag a 
a ae in we ons “as i 99 
——- ont ne is EE ae 


And in 336__s,, on ie 
After which it appeared ‘to stand for the next seven days. 
Therefore, if the ground had been excavated all round the 
building to a depth of the bottom of the peat, then by 
this proportional (4.75 : 48 :: 1.5) the building would have 
sunk 15in., but in this case we have only one side of the 
building exposed to drainage, caused by the excavation, 
therefore we have as ,/600:is 24 so is 24 to 15, then 


= 683 or § in. full, and which I have no doubt will be 
found to be the vertical settlement of the building if 
measured. Again, with reference to the cracks in the 
buildings, taking one that is 6 in. wide at the top; 
now at the first sight the general impression is that 
the ground has slid away, but on investigation we 
find that it has done no such thing, for in looking to- 
wards the bottom we find that the crack there is only 2 in. 
wide, and if the same crack be examined to the bottom of 
the 4ft. slag foundation, I have no doubt that it will be 
found to diminish to nothing, or nearly so, while the ground 
will not show any crack. These cracks are, therefore, due 
to the diminishing bulk of the ground, caused by the ab- 
straction of the surface water, and which does not take 
place equally, but is the most near the edge of the excava- 
tion, and diminishes in the ratio as the square of the dis- 
tance, therefore the settlement of the ground will be in the 
form of a parabola. Referring in to the sample before 
mentioned, we find that it has reduced in bulk from 4 in. 
to 34 in. in depth, thus giving a loss of (4.75 : 1.5 :: 100)= 
31.5 per cent. Then the stratum of peat being 48in. this 
is —100 : 31.5 :: 48)—15in., but taking into consideration 
the distance that the excavation is from the weight, viz., 
15 ft. to the building and 30 ft. to the crack, we will, there- 
fore, have (30 : 15 :: 15)=7}in., or 15.75 per cent. as the 
settlement of the ground at the edge of the excavation, and 
which is found to agree exactly with the crack in question, 
for the top of the crack and the ground between the ex- 
cavation having been set off to the same radius, the dif- 
ference of each is found to be equal, viz., the crack is 6 in. 
wide and the ground has sunk 6;in. The next test was the 
sustaining power of the water in the peat, the sample, 
weight, &c., being the same as the above, and was pressed 
firmly in a cylindrical vessel which was not perforated, and 
a weight of 224 Ib. being placed on the top, in 30 minutes 
it sank 1 in., the weight was then taken off. 
And in 7 minutes it rose eee { of an inch 
eee »” 


# ” 


after which it appeared to stand for the next seven days. 
The next test was to ascertain the quantity of water con- 
tained, the sample being the same as the above in every 
respect, and weighing 2} lb., and after being placed on the 
kitchen chimney-piece for 28 days it was found to weigh 
8} ounces, thus giving (80 : 63 :: 100)=78.75 per cent. of 
water. The next is a sample of Linthorp clay, which has 
been subjected to the same process-as the above peat, and 
has diminished in weight from 3} lb. to 3 lb., thus giving 
(48:8::100)=16.6 per cent. of water, and is therefore 
(78.75 : 62.09: : 100)=78.84 per cent. better adapted for 
foundations. 

Thus itis clearly shown that the vertical settlement was 
sufficient to produce oe of to the property, supposing the 
ground not to have moved forward, therefore piling and 
timbering would not altogether have saved it. I grant that 
if the part near the buildings had been properly timbered 
that it would have stayed theslip mentioned in Mr. Livesey’s 
report ; but before proceeding further let us examine the 
cause of this slip. Now I have already shown that this 
ground diminished in bulk at the edge of the excavation at 
the rate of 15.75 per cent., and that this quantity decreas 
as the square of the distance ; we have seen also from the 
strata that it is mostly of a peaty nature, and deficient in 
alumina, which is so characteristic in clay. Then by 
reasoning, we will take the block of ‘buildings at the 
corner of Francis-street, and which are joined together as 
one mass, and resting upon some 4 ft. of slag, which in its 
turn is, as it were, floating on the ground described; the 
surface water is then ramieny Snteed by the excavation, 
in the meantime the ground above keeps its position, for 
the weight of the nearest building is suppo by the next 
one to it, and in this manner the buildings are being 
gradually undermined by the loss of the sustaining power 
of the water, and this continues to go on until the weight 
of the projecting building equals the resistance of its 
materials, the consequence being that the weight then 
comes suddenly upon the sometime undermined ground, 
and compresses it almost to its original density, and which 
compression will be exactly the same as the bulk or volume 
of water that has been taken away from it, andI have no 
doubt that if no buildings had been near that the ground 
would have given way from its own weight at some later 


~~ 2hours ,, 





period, therefore this slip is due to the drainage of the 
surface water. 

To sum up, the failure was caused by the continual loss 
of the sustaining power of the water under the buildings, 
and thus reducing the gravity of the ground until the pro- 
jecting buildings were strained beyond the adhesiveness of 
their materials, and consequently parted, the whole weight 
of the dislocated buildings (about 900 tons) falling suddenly 
for a depth of five-eighths of an inch upon the now lighter 
ground, caused it to give way, and by so doing put about 
about 800 tons of earth into motion, making a total of 
1700 tons, therefore the actual pressure against the wall 
would be=F sin. 6, and which angle is found by taking the 


distance from the parted brickwork and the bottom of the 
peat, and which gives an angle of 20 deg., we have then 
F sin. 2=1700 x .342=581 tons as the pressure exerted on 


the a concrete walling, and being of an insufficient 
strength to resist such an unexpected pressure, it broke, 
and was subsequently carried forward until the angle of 
repose of the ground was reached. Therefore the failure 
was caused by the drainage of the surface water. We will 
— consider the proposed plans for avoiding a failure in 
uture. 

It is quite evident that neither Mr. Cail nor Mr. Livesey 
anticipate any difficulty from the surface water, for neither 
gentlemen have provided for this emergency in their plans ; 
I nevertheless still hold to my opinion, and I have no hesi- 
tation in stating that I believe when the excavation has 
been cleared from water for a short time, that the buildings 
will settle still more; no doubt a system of strong piling 
will assist their stability and present slip. 

With regard to the scheme of building a smaller tank in 
the interior of the present one, I cannot see that it shows 
any engineering tact, although, no doubt, a smaller 
diameter with the same thickness of wall would be stronger, 
but that would be sacrificing the capacity of the tank for 
the purpose of utilising a broken well, which is of no use 
whatever, for being completely broken at that side near 
the buildings, it therefore offers them no protection, while 
at the opposite side no buildings being near, the wall is 
quite sound, and which simply shows that in building the 
new wall no assistance will be required from the old one. 

Again, both gentlemen suggest that the new tank should 
be increased in depth, and which is a decided improv: i 
For the depth of tanks having been duly considered, both 
by the members of the Civil Institute and the members of 
the British Association of Gas Managers, and it was found 
that a depth of less than one-fifth of the diameter was not 
desirable, for gus holders less than one-fifth are liable to 
get out of level, and consequently stick, and thus causing 
great annoyance. 

With regard to carrying the tank above the ground level, 
I consider the plan to be bad, and should only be resorted 
to in cases where it is expensive or difficult to sink the 
foundations, for instance, such as hard rock ; for tank walls 
above ground are difficult to keep tight, and are more 
exposed to the wind. 

With reference to the supporting power, Mr. Livesey’s 
plan depends at once upon the area of the base of the wall, 
for the backs being made up with artificial ground no 
supporting power from the sides will ensue. Now it is well 
known to engineers that vegetable clay cannot be relied 
upon for heavy foundations without assistance, and which 
is obtained by piling down to a firmer stratum, or by the 
supporting power gained from the frictional resistance of 
the surface of a number of piles. With reference to 
Mr. Cail’s plan, he copes to be under the impression that 
a partial upheavel too ear in the tank, if so, the line of 
inclination would be below the bottom of the foundation, 
and at an angle of 35deg. To meet such circumstances 
Mr. Cail’s scheme cannot well be surpassed, but I find from 
inquiries that no upheaval took place, and such being the 
case, the line of inclination must be somewhat above the 
bottom of the foundation, and has I have already taken 
this line at 20 deg. in a previous calculation, my reason for 
doing so will be quite apparent on examining the nature 
of the ground, for in all probability it would give at an 
acute angle from the surface to the peat, and then running 
along the peat until it reached within a short distance from 
the edge, from which point it would again run in an acute 
angle towards the bottom of the foundation ; therefore such 
being the case, resistance to lateral strain would be best 
served by a strong footing and strengthening uprights at 
intervals. \ 

It must also be borne in mind that in sinking a founda- 
tion to a greater depth the additional weight of the ma- 
terialas well as the stratum must be considered ; therefore, 
taking one of the cylinders mentioned in Mr. Cail’s report 
as an example, in the first place we find that the bottom of 
the cylinder is in the same stratum, therefore the support- 
ing power at its base must be the same ; thus it is evident 











ed | that the only power gained will be that derived from the 


frictional resistance of its sides, and which will be for the 
ground in question .2 of a ton per square foot. 
We have then for the brickwork round the cylinder : 


tons, 
5X TO5H) (OX TOON 195 = 11.198 
and for the concrete in its interior we have 
6* x .7854X14 , 3 97 = 49.406 
Giving a total of non-supporting 
power intonsof _... iis «o. = 60.539 
and for the frictional resistance we have ; 
7.5 x 3.1416 x 14x ,2 = 65.973 
Giving a gain of supporting power 
for each column of... iol »» = 5.484 


5.434 
o-*)*—.0164 of a ton per square foot. 
3 of a per sq 


Therefore, assuming that a firmer stratum cannot practi- 
cally be reached, the supporting power would be better 
served by timber piles. For in driving piles the whole of 
the material driven through is compressed on all sides, 
whereas in sinking cylinders the material is excavated 
from their interiors. Besides, timber piles have a t 
tendency to adhere, or grow asit were to the earth, and are 
also much ax” in themselves ; therefore, from these con- 
siderations I think that we may safely assume that the 
surface friction of piles will be one-fourth greater 
cylinders, and taking a cubic foot of Memel to weigh 34 Ib. 

We have then for frictional resistance 


1X4x.25 ns ont See 1.0000 
Then minus the weight of pile per 
foot run eee exe ove ist 0151 
Total per cubic foot 9849 
or “ =.2462 of a ton per square foot. Showing a gain 


of supporting power in favour of timber piles of (.2462 : 
2298 :: 100)=93.3 per cent. 

I now wish to call your attention to a plan that I 
have designed and which will be found to have the follow- 
ing advantages: 1. Of overcoming all obstacles. 2. Of 
avoiding pumping, so that the safety of the adjacent 
buildings are secure. 3. Of being more permanent and 


durable, the weight on base square foot being nearly 
one-half less than the other schemes proposed. 4. Of being 
as cheap as the other schemes, capacity compared. Of 


being of the original diameter, no extra cost will be incurred 
by the alteration in the diameter of the holder, and lastly, 
but not least, the reputation of Middlesbrough engineering 
would not be at stake by submitting to such an ordinary 
difficulty. Briefly stated, the proposed tank is rectangular 
in shape, constructed of cast-iron plates, bolted together 
with bolts lin. in diameter, all the joints being made with 
iron cement. There are ten tiers of plates on the outer 
circle and seven on the inner circle, each tier having 114 
plates in its circumference, the outer and inner bottom tiers 
are l}in. thick and 18in. in depth, and which form the 
shoe, the next outer and inner tiers are 1} in. in thickness, 
the circumferential flanges of which are 12in. wide, the 
bottom one being for the p se of resting on the bear- 
ing beams attached to the piles, and the top one being 
for the purpose of bolting the tier and bottom plates 
thereto, so that the bottom plates can be removed indepen- 
dently when required. The width of these flanges are also 
for resisting lateral pressure. The bottom plates are in 
two lengths across a width of 11 ft., and are l}in. thick, 
the i saggy Nason and inner tiersare lin. and fin. re- 
spectively. und the inside of the outer circle are 24 U 
columns 4 ft. 9in. by 4ft. 9in. and lin. thick, which are 
placed at equal distances apart, each U being cast in two 
parts and corresponding to the tier plates in depth, and 
which are bolted thereto and together by 1 in. bolts, 
the flanges of which are left off at the corners at 
an angle of 45 deg., so as to span the circumferential 
tier flanges ; the vertical centre flanges form at once 
girders for fixing the rma bars thereto, and on the tops 
are bolted soleplates 5 ft. 9in. by 5 ft. 9in. and 14 in, 
thick, for the purpose of receiving the columns. The 
U columns before mentioned also form the —- 
uprights for resisting lateral pressure. At the first join 
from the top of the inner circle a — # is provided on its 
inner side to which is bolted a ring of woodwork 9 in. b 
3in., and on the top of this again is built a brick 
cement wall 2 ft. 6 in. in depth, thus by these means secur- 
ing a tight joint. The interior of the tank is excavated to 
the bottom of the peat, after which a layer of tempered 
clay 4 ft. in depth is laid on the top and then a layer of 
concrete 15 in. thick, upon this again is bedded a top 
covering of a brick on edge in cement. The brickwork is 
strengthened at the corner in such a manner that any 
settlement that may take place in the interior will not 
affect the joint or crack the covering. 

The inlet and outlet pipes are in the tank, the bottom 
plates for two widths being dished so that the pipes lay 
clear of the bottom ofl the holder. 

The tank is 193 ft. Gin. and 171 ft. 6 in. in diameter 
respectively, and 36 ft. in depth clear, and can be erected 
upon the top of the present wall, the outer and inner circle 
overlapping each side of the wall, the bottom division form- 
ing the air chamber being completed, and having fitted on 
the top two air locks, two weber shafts, and two supply 
pipes. Underneath the bottom flange, and resting on the 
wall at intervals, are bearing beams inp eran 2 pa the 
lowering of the structure, the next tier being added as the 
work progresses. Fixed to each UY column are three 
temporary brackets for the P of keeping the tank in 
a proper form. When the tank has sank to a 
sufficient depth so as to be clear of surface water, 
and which can be proved by reducing the air pressure 
occasionally, one width of bottom plates at each side of 
each U column can be taken off, and the excavation com- 
pleted in the usual way; the piles can then be driven, after 
which the whole air chamber can be filled with concrete, 
thus forming at once a ring of the section of 11 ft. by 
7 ft. 9in., and which is sufficient to resist any lateral 
strain that may come against it. The holes in the bottom 
plates for air locks, &c., can then be covered with blank 
flanges. 

ith reference to the air ypsaeere required, I think 9 Ib. 
will not be exceeded. Wit rd to the health of the 
workmen under air pressure, it has been found that if the 
hours of labour are decreased in the proportion to the pres- 
sure, that is, if a man can work 10 hours without detri- 
ment in an ordinary atmosphere of 151b., he can work with 
the same result for 74 hours in 1} atmospheres, the time 
being divided into two portions as usual. Working in 
compressed air is not at all disagreeable, but may be said 
to act as a pleasant stimulant, causing that feeling which 





ives an inclination to laugh, but to remain too long at one 
Gas is ultimately exhausting. 
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BECKER’S RAILWAY CARRIAGE COUPLING. 
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We illustrate above an arrangement of carriage 
coupling designed by Mr. Ludwig Becker, of Vienna, 
chief engineer of the Austrian Northern Railway. This 
arrangement consists of apparatus by which the screws 
of railway couplings can be slackened or tightened, and 
by which both screw and link couplings can be coupled 
or uncoupled without the operator having to go under or 
stand between the carriages or wagons. In the case of a 
screw coupling the spindle of the screw is at the centre 
of its length cut with ratchet teeth similar to those used 
in an ordinary ratchet brace, or the ratchet wheel may 
be made separate, and be keyed on the screw. Into these 
teeth there catches a ratchet fitted with short arms and 
turning ona pin. The whole, except the arms, which 
are visible from the outside, is enclosed within a casing 
containing a spring. This spring determines the position 
of the ratchet, according as the arms are set horizontally 
or are pressed down to the right or the left. The ratchet 
wheel turns against gun-metal washers held within the 
casing, and the outside of the said casing is fitted witha 
notch or stop on each side in order to determine the stroke 
of the ratchet brace. The casing containing the ratchet 
apparatus is fitted with a ring or hook for receiving a 
hook or fork or other suitable implement to work the 
ratchet to and fro. With the link couplings this eye is 
fixed on the foremost link. The apparatus for keeping 
the nuts from turning round on the screws consists of a 
plate carrying at its ends an eye, into which fit both the 
turned down ends of the screw. One of the eyes of the 
plate is made with side projections sufficiently wide to be 
caught by one of the links, The rod for working the 
ratchet is either of wood or of gas piping, and it carries 
at one of its ends a hook suitably sha for taking 
hold of the eye fitted to the end of the ratchet. This 
rod can be rested upon one of the buffers in order to 
raise any one of th couplings. 

Figs. 1 to 7 show a form of coupling, in which A is 
the ratchet arrangement fitted with lugs, and oscil- 
lating on a pin, the whole being contained within a 
casing. An adjustable stud carried by a spiral spring 
determines the position of the double ratchet. The 
outer casing contains two gun-metal washers, and at each 
side are lugs to determine the amount of oscillation or 
stroke of the ratchet apparatus. © isa ring for taking 
the hooked handle D, Fig. 7, for working the ratchet to 
and fro. 

In Figs. 1, 2, and 3 is also indicated the plan employed 
for preventing the turning of the nuts of the screw 
coupling around on the screw spindle, C being a plate 
with its ends c’c'’ bent round and fitted into the turned 
down ends of the screw spindle. Fig. 6 shows the 
method of applying the hook from the side of the car- 
riage for tightening or slackening a coupling. Fig. 7 is 
a side view of the hook employed. e may add that 
this coupling has attracted great attention on German 
and Austrian lines, where it is being extensively adopted, 











JORDAN’S HAND-POWER ROCK DRILL. 


Tue want has long been felt of some ready and con- 
venient means of boring rocks for blasting whereby the 
slow and tedious process of direct hand-drilling might 
be efficiently and economically superseded, and the ex- 
pense of power-drilling plant avoided. It would seem 
that this want can now be fully satisfied by means of a 
very effective and handy machine which we saw in ope- 
ration on Wednesday last at Messrs. Glover and Hobson’s 
Works, St. James-road, Old Kent-road. This apparatus 
is a hand-power drill which has been invented by Mr. 
J. B. Jordan and is being introduced by the Hand Power 
Rock Drill Company, of 63, Queen Victoria-street, Lon- 
don. In this machine we have an excellent labour-saving 
substitute for the hammer and drill or the jumper; 
whilst it is also applicable where the expensive power 
drill, with its equally expensive staff of skilled labour, 
would be used but for its very costliness. The machine 
embodies an ingenious application of the pneumatic prin- 
ciple, the blow of the drill being delivered by the direct 
agency of compressed air, which air is compressed by the 
up-stroke of the drill-bar. The apparatus consists 
mainly of a power cylinder and drill-bar with the neces- 
sary connexions and details for giving motion to the tool. 
It is, however, mounted in three different ways, being 
adapted in one case specially for sinking, in another for 
open quarrying, and in a third for driving in mine gal- 
leries. The cylinder is fitted with a piston having a 
hollow steel rod working through glands at the top and 
bottom of the cylinder. The upper portion of the cylin- 
der is made air-tight by means of a cup-leather in the 
upper gland, the upper surface of the piston being 
slightly cupped and fitted with a disc of leather of 
slightly larger diameter than the cylinder. A nut holds 
it down on the cupped surface of the piston and the edge 
of the leather disc forms an air-tight joint involving very 
little friction. Air is admitted to the lower portion of 
the cylinder beneath the piston. 

The boring tool is carried at the lower end of a steel 
bar which passes up through the centre of the machine 
and is screwed at its upper end, and on which works a 
screwed nut. On the upper part of the tubular piston 
rod is fixed a lifting block for raising the piston, and 
which is formed in three parts. Two of these parts con- 
stitute the body of the block, whilst the third is a sleeve 
which holds the other together. By this means it em- 
braces the driving nut, the lower end of which revolves 
in it as in a thrust bearing. The nut is 8 in. long and is 
screwed through its entire length to fit the screwed portion 
of the steel bar which carries the drill. The lower half 
of the drill bar is made hexagonal and passes through 
& cap of corresponding internal form placed at the lower 
end of the piston rod. This bar is thus made to revolve 
with the piston, although at the same time it has an in- 
dependent reciprocating motion through its centre. By 
means of a somewhat similar arrangement, the driving 





nut is caused either to turn with the drill bar or to stop on 
it while it is always at liberty to travel through the 
bevel wheel, by means of which it is geared to the feeding 
handle. The apparatus is driven from a pair of cams 
placed on a shaft carrying a couple of wheels with winch 
handles, which are actuated by a couple of men. On 
motion being imparted to the wheels, the cams are 
brought in succession into contact with the lifting block, 
by which means the piston and drill bar are raised 4 in., 
and the air in the upper part of the cylinder is com- 
pressed. As soon as the cam has left the block, and it 
has thus been released, the compressed air acting on the 
cylinders forces the drill up to its work. The whole force 
of the blow is developed on the rock, and it can be regu- 
lated to suit the power of the two men operating the ma- 
chine. The second cam then raises the drill, and the process 
is repeated, and a blow given from 150 to 180 times per 
minute. Not only is the lifting block raised by the cam, 
but it is also slightly rotated by it, the rotation being of 
course imparted to the drill, giving it a fresh position at 
each stroke. The drill is at the same time automatically 
advanced, the rate of feed being regulated for soft or 
hard rock by a small brake, which is placed at the back 
of the feed handle. This brake either retards or wholly 
stops the rotative motion of the long nut on the drill bar. 

In the trials which took place on Wednesday last 
holes were drilled in various kinds of stone with success. 
The first was a vertical hole, which was drilled in a block 
of Portland stone at the rate of 6} in. per minute with 
a 1}-in. drill. A vertical hole was next bored in a block 
of Aberdeen granite with a 1}-in. drill at the rate of 
3 in. per minute, the machine delivering 185 strokes 
per minute. This is more than double the rate of 
advance made by hand labour. A machine in a mining 
carriage, adapted for fixing in a heading, was next 
tried against a block of sandstone grit, but owing to the 
want of rigidity in the fixings of the stone this experi- 
ment was a failure, although the machine was in no way 
compromised by it. In fact it drove its work before it, 
and it was placed underconditions the very opposite of those 
under which the machine would be put to work in a 
solid heading. Further trials were then made with the 
granite with the same satisfactory results as before. 
Altogether the trials were thoroughly satisfactory, and 
although they did not, of course, represent the actual 
conditions of work, being made under some disadvantages, 
they demonstrated the usefulness of the apparatus and 
its applicability to its intended purpose. The drill is 
complete in itself, is small, compact, and portable, and 
further is comparatively economical both as regards first 
cost and maintenance. It is well arranged and is not 
likely to get out of order very easily. The object of the 
inventor was to make the machine a thoroughly practical 
and convenient tool, fit for general application, and we 
shall be much mistaken if practice does not prove that 
he has accomplished that object. 
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PROPORTIONS OF EYE-BAR HEADS AND 
PINS, AS DETERMINED BY EXPERIMENT.* 
By C. SHauzr Suirs, C.E., Member of the Society. 

THE best method of commenting upon Mr. Burr’s very 
carefully prepared I , 1 
to present the results of a series of trials made with eye- 
bars of the usual sizes in s structures, for the pur- 
pose of determining practically what Mr. Burr has ea- 
youred to do mathematically. In experimenting on this 
— during the years extending from 1857 £0 1866, I 

ascertained, as an absolute unchangeable fact, that a 
pin, the diameter of which was 66 per cent. of the width of 
the bar, was the least size that would invariably develop 
the fall strength of the bar in testing to final rupture (pre- 
— the shearing stress has properly provided 
for). , that the required metal section across the eye was 
a variable quantity, and depended on the relative proportions 
of the pin diameter and width of bar. Also, that the shape 
of the eye-bar head required to givea slightly higher factor 
than the bar itself, depended entirely upon the material 
and mode of manufacture. 

In 1868 I broke 57 bars with pins and ‘eyes of varying 
gee in —*> eet ea the laws aa 

bypey J stre 0! mer-fo’ eyes subsequen 
welded to the bars. The results of these experiments on 

iven in the Table under “‘ No. 1, Hammered Eyes.”’ These 
als developed the fact that for hammered eyes there are 
two points to be fixed, the section behind the pin and the 
section across the pin, and that when these are determined, 
the curve passing through these two points and having its 
centre on the vertical line across the pin, is the proper peri- 
phery of the eye-bar head. 

In 1875, there were broken at the Edgemoor Works, in 
the Kentucky river bridge trials, 54 hydraulic forged eye- 
bars, or weldless links, as they are commonly termed. 
From these (referring to the Table) results under “‘ No. 2, 
Welded Eyes,’’ have , boot deduced, as also the further fact 
that in the hydraulic forged eye there is but one section to 
fix, to wit, the section across the pin, and that with this 
once established, the curve of the eye is a simple circle 
struck from the centre of the pin. In both sets of experi- 
ments, the rule was adopted of considering no proportion 
established until three similar eye-bars' had been broken 
of each size without a failure in the eye. 

To recapitulate, the following rules are unvarying : 

1. As the relative proportion of the diameter of pin to 
width of bar increases, more metal is required in the section 
across the eye. 

2. In yoy forged eyes, this is the weak point and 
a wg the rest of the eye, which is consequently a true 
circle. 

8. In hammered eyes, two points must be fixed, the 
section back of the eye and the section across the eye. 

4. A pin, 66 per cent. the width of the bar, is the smallest 
——— invariably break the bar, or develop its full 
strength. 

The importance of the first of these facts is apparent at a 
glance. A middle chord pin of a large span may have 
attached to it : first, the chord bars to which its diameter 
— | be as 0.75 to one; next, the tie-bars, say as 1.25 to 1, 
and finally the counter ties, at as 2to1. If these eyes are 
all proportioned as required for the chord bars, the ties and 
counters will be much too weak ; and this is the condition 
of these members in man: wy tye now in existence, 
owing to the erroneous belief that the metal section across 
the eye should bear a constant proportion to the section of 
the bar, irrespective of the method of manufacture and the 
diameter of the pin. 

From St, Charles bridge ex- 
periments, made at St. Charles, 

A 


5 4: 


bw 


river bridge ex- 
ie at Edgemoor, 


From Kentuck 
periments, moos | 














Example of hammered eye,in] Example of weldless eye, in 
which the diameter of pin equals | which diameter of pin equals the 
the width of bar. width of bar. 

In the above examples, Fig. 1, the thickness of bar and 
- are presumed to be the same. If they are not the same, 
the factor x, which represents linear distance, as refe 
to width of bar and diameter of pin, will express sectional 
area when used in proportioning the metal sections across 
the eye and{backiof the pin. It should be noted in this con- 
nexion, that it is not necessary to vary the metal section 
back of the pin inthe hammered eye, as the section “‘ x” 
covers all cases in common practice. In the hydraulic 
forged eye, this section is changed with the thickness across 
the eye, but this is pence on account of the greater 

£ 





facility in sags i die afforded by the circular shape, as 
owing to the con ey the iron by pressure there is a 
- surplus of strength at that point. 


It is apparent from the 111 experiments referred to, that 
so far as the width of the eye-bar is concerned, the size of 
the pin is a matter of noimportance, provided the metal is 
properly proportioned in the eye and the pin is not less than 
two-thirds the width of the bar, but the maximum thickness 
of the bar is entirely dependent on the,relative diameter of 
the pin. The considerations governing this maximum 

ickness are as follows : 
. First, is the fact that the elastic limit of solid ht- 
iron cylinders in flexure, is ter than the same limit in 
d tension and compression. This is true also of cast 
iron and steel, but we are dealing just now with wrought- 


.* Paper read before the American Society of Civil En- 
gineers, in discussion of a paper on the “ Approximate De- 
natin of Stresses in the Eye-Bar Head,”’ by W. H. 

urr. 





per on stresses on the eye-bar head, is | P&, 


iron pins. Thus, a grade of iron having an elastic limit of 
25,000 lb. in tension, will takea set at less 
inch fibre in when tested by 


than 40,000 lb. per square 

bending. It is evident, therefore, that where 10,000 lb. 

square inch is the limit in tension, 15,000 lb. per square 

oak tang bo wend wi equal ety 9 ae eae. 

. pene ae. = = me ag 
com its bearing or its counter ¢ 

a much as it affects or is affected by the cye-bar, sloated 


bar to a point wit 


ness of the eye-bar. Thus where two bars are on the 


same pin, as in Fig.2, the forces should be considered as 
:: | 
- ty. 2. 





acting with a leverage of twice the distance «, and the eye- 
bar stresses should be considered as concentrated in the 
linesabanded. This principle is well stated by Mr. 
Bender,*, but Mr. onald, in determining the same 
strain, uses # instead of 2. Fixing 15,000.lb. ox! square 
inch as the extreme fibre strain, the following Table will 
give the extreme thickness of eye-bar which can be used 
on any pin in single shear, the bar strain being 10,000 lb. 
on the flexure strain its equivalent, or 15,000 lb. per square 
inch. 

The following Table presents, in a compact form, the 
metal section of the eye-bar head and the maximum thick- 
ness of eye-bar fora pin of any size, all dimensions being 











expressed with the eye-bar width as unit. 
No. 1. No. 2. 
Hammered Eyes. Welded Eyes. 
Width; Dia- 
Ba mn * Metal Metal 
ar. ° e . e' : 
Section eee Section — 
across ‘B es8| “across Bar. 
the Eye.| © 78" | the Bye. _ : 
1.00 0.67 1.33 0.21 1.50 0.21 
1.00 0.75 1.33 0.25 1.50 0.25 
1.00 1.00 1.50 0.38 1.50 0.38 
1.00 | 1.25 1.50 0.54 1.60 0.54 
1.00 1.33 wan on 1.70 0.59 
1.00 1.50 1.67 0.70 1.85 0.70 
1.00 1.75 1.67 0.88 2.00 0.88 
1.00 2.00 1.75 1.08 2.25 1.08 




















The use of this Table may be noted from ,the following 
examples : 

If a bar 4 in. X 1 in. is attached toa 3 in. pin, the sec- 
tion across the eye (Table, under ‘‘ No. 2, Welded Eyes’’) 
should be 4 x 150 = 6 in., and the maximum thickness of 
bar, 4 x 0.25=1in. Should the same bar be attached to 
a 7 in. pin, however, the metal section across eye must be 
4 x 2=8 in., and the maximum thickness, 4 x 0.88= 
3.52 in. The irregularity in the ratios between the poms 
widths and eye-bar sections in the Table, is due to the fact 
that the test bars declined to break by formula, and, conse- 
quently, only those proportions were used which gave no 

ailures whatever in a sound eye-bar head. 

The St. Charles experiments were made on bars varying 
from 4in. X lin. to 2} in. x $in., while those for the 
Kentucky river bridge were confined entirely to bars, 3 in. 
in width and of a uniform length. 

These last tests are printed in the Report of the Cincin- 
nati Southern Rai for 1875 ; the St. Charles tests are 
still in manuscript. 

So far as I know, the Table deduced from these tests is the 
only one in which the real conditions governing the pro- 
portions of eye-bar and pin connexions are ised ; 
these conditions being—first, that the shape and proportions 
of the eye-bar head must change with a varying ratio of 
pin diameter ; next, that the manner of making this change 
depends upon the mode of manufacture; and, lastly, that 
the limit of elasticity in flexure being greater in 
direct stress, the thickness of the bar, which is a third 

roportional to the width of bar and diameter of pin, may 
& etermined with a fibre or bending strain of 15,000 lb. 
per square inch on the pin. 








FOREIGN AND COLONIAL NOTES. 
The United States Navy.—The American for 
the Sony ae oe mgm ie oar pol ag — 

" @ secre w considerable space 

stemuien of 0 ual increase of the navy and the 
adoption of a firs system of torpedoes for defence and 
attack. For these purposes he will urge suitable appro- 

priations. The secretary will Santon oceans an a 
priation for all the navy _— of the United States, to be 
used in putting them in first-class condition for ship build- 
ing and repairs. Authority will be asked for by the secre- 
tary to dispose of all the old and worthless materials in the 





* Proportions of Pins used in Bridges ; C. Bender. New 





York. 
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na the to be em in thi hase of 
many soae # proceeds ployed in the pure’ 


Swiss Railways.—The te length of completed 
railway in Switzerland is 14864 miles. The income acquired 
per has been rather less this year than in 1876. 

Te ‘ h Instruments in * Lg ag Union.—At the 
close fiscal en une 30, 

_— T h dom ane 

‘or soun ents, | 
i ° 183 duplex instruments, 11 
uadry; instruments, 98,558 cups of main battery, 
and 21,996 cups of local battery. 


The French Coal Trade.—The aspect of this trade has 
somewhat improved. In the Nord and the Pas-de-Calais 
great activity prevails, and prices have been rather tending 
upwards. 

Greek Armaments.— Certain naval armaments which 
Greece is about to undertake will, it is stated, be carried 
out in a foreign di The Greek Government 
a. to devote rather more than 1,000,0001. to This 
object. 

Western Union sSiegraph, Company.—In June, 1877, the 
Western Union Telegraph Company operated 76,955 miles 
of line and 194,323 miles of wire ; the company had also 
7500 offices. In June, 1867—just ten years previously—the 
company had 46,270 miles of line, 85,291 miles of wire, and 
2,565 offices. In 1876-7, the net revenue was 3,140,128 dols. ; 
: cies the corresponding net revenue was 2,641,711 

ols. 


Great Northern Telegraph Company.—The number of 
despatches transmitted by the Great Northern Tele h. 
Company in the first ten months of this year was 702, 
as compared with 642,386 in the corresponding period 
1876. The revenue acquired . the company in the first 
ten months of this year was 172,657/. as compared with 
177,8851. in the corresponding period of 1876, so that while 
the number of m forwarded by the company has 
been r this year, amount of money earned by it has 
been rather less. 


A South Australian Lighthouse.—The lantern of the 
Tipara lighthouse, South Australia, was to be lighted for the 
first time August 20. The landing of the matériel, ex the 
Glen Osmond, was effected in October, 1876; the average 
depth to which the screw piles have been made to penetrate 
beneath the face of the rock is 24ft. 9in. The height of 
the main platform above the rock is 50 ft., and that of the 
lantern platform above the main platform is 56 ft. 3in. 
The f pase of the light above high water line is 106 ft. 
The height of the lighthouse from screws to vane is 158 ft.,. 
and the area of the main platform 1917ft. The area 
base on which the screws rest is 2952ft. The first pile was 
pitched December 9, 1876, and the last May 13, 1877. 


Queensland Railways.—About 300 miles of fresh rail- 
way are to be constru in Queensland. An extension 
of the Western line from Dalby to Dulacca is estimated to 
cost 43001. per mile. 


Repairs on the Western Union.—In the course of the 
year ending June 30, 1877, the Western Union Telegraph 
peep es 531,069 dols. for repairs of its lines, 
and 334,380 dols. for their reconstruction. The total ex- 

diture for maintenance purposes for the year was thus 
,448 dols., showing a decrease of 85,179 dols. as com- 
read with 1875-6. 


American Mechanical Industry.—The Farrell Foundry 
and Machine Company of Ansonia, Connecticut, have con- 
tracted to build another sugar mill to be completed 
within sixty days. It is for the Haiku Sugar Company, 


Honolulu. 

Australian Railways.—At the close of 1857, there were 
509 miles of railway in operation in New Sonth Wales, 
= —s Victoria, miles in South Andesite. and 

sin Queensland roe sy miles. 
To this total we may add 38 miles o: completed railway in 


Western Australia, 1554 miles of completed railway ,in 
Tasmania, and 549 miles of completed railway in New 
Zealand. We thus arrive at the fact that when the latest 
available data were compiled there were 25554 miles of - 
completed railway in Australasia. At the close of 1876, 
there were also 179} miles of line in course of con- 
struction in New South Wales, 259 miles in course of con- 
struction in Victoria, 110 miles in course of construction 
in South Australia, and 156 miles in course of construc- 
tion in Queensland. 

The John Cockerill Company.—A provisional conven- 
tion concluded between the John Cockerill Company and 
the Hungarian Government, by which the State forges at 
Diosgyor were to be leased the om gg age fallen 
through, in other words, it has collapsed. e cause of 
the collapse has not transpired. 

Steel Rails at Philadelphia.—The market for steel 
rails at Philadelphia has been somewhat i , but 
business seems to have settled down again to about the old 
quotations. A number of sales are reported, which would 
probably make the total for October te 60,000 tons, 
the market closing at 40 dols. to 42 dols. per ton at the 
mills. There are further inquiries, and it is oo that 
at least 40,000 tons additional will be placed before the 
close of the year. 

The Belgian Iron Trade.—This trade is considered to 
have somewhat improved. by = paaiem — are 
refusing orders for the present, produc- 
tion being engaged until July, 1878. 

’ Steel Rails for Spain.—The Bochum Company has just 
concluded a contract for the delivery of 6500 tons of steel 
rails to the Saragossa and Pampeluna Railway. 

terms are very low, viz., 71. 7s. per ton delivered at 





Barcelona. 
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METALS 
2 6. £ 
ANTIMONY ORs (perton)— 12 © 15 
ReZulus (StAr) srecceeverveeee 48 0 00 
Bass (per ib.) s, 4, 8. 
BOC AB XK D4 creccerersseeee GF © ° 
Yellow metal nccsoccecrreee @ Of ° 
CASTINGS, TYNS AND OLBVEUAND 
(per ton)— & 6. £ 
Girders ... se 6 
Chairs ... 5 § { 
PIUPOD ..0sceesereeeee 5s 
Corrak ty — 
Chili bar scescsccsvonrs, 64 @ 66 
heseolien” suqnene o 67 
Kaglish tough, best... ° 73 
” ing ° 7 
Sheets, &c. o 86% 
Bottoms...... o (8% 
1808 ORES (per 8. 4. 8. 
12 0 (eo 13 

é i m6 o@ 8 

180N Pia (per ton)— 
Barrow NO. 1 ccoccesescsoee 68 © 68 
62 6 64 
62 © 64 
“4 6 45 
0° ° fore) 
oo. 2 com oe 40 «(26 41 
” » & (@orge, 39 6 40 
Other qualitios .......0060 08 © Cr) 
Welsh (South Wales)... 75 © 80 
» (North Wales)... 62 © 78 
No, 1. No 
Bcoteh Pig— 8. 4d. 8. 
G.m.b., + akan 4 0° su 
Gartaherrie ............. wee 09 G6 54 
Colt 6s 6 5s 
s lee es oe 
Lan gloan ....cccccccrseseseree 62 6 54 
Oarnbroe .. owe $6 © 52 
Monkilana.,. cocce $4 © $1 
DY EO.corcccccccvescrccesccsesse $F © $2 
Govan, at broomieclaw... § ° 53 
Calder, at Port Dundas... o §2 
Glengarnock, at Ar- 
drossaao sescrcee §9 © $3 
Eglinwa, _ epetevcaaeces 546 C6 st 
Dalmelling ton, ditto...... 34 (6 2 
Oarron, at Grangemouth 65 o 4 
Ditto, specially selected 7o o _ 
Shotts, at Leith ciccsecsecee OF 6 55 
Kinneil, at Bo'ness.. $ 0 fi 
(The above all deliverable alongside). 
s «@ - 
Shropshire ... ccccee FO @ 80 
North Staffordshire codons ic ° s 
South ° s 
Yorkshire Thornaby pig. 60 o 65 
Ridsdale Nos.land?.,, 902 © 100 
laon, Waovent— & 4. £& 
Cleveland angles,.,.....0 6 2 0) 
- DAP c.ucssseree § 22 5 
® puddied bars... 3 17 ° 
ae builer pietes.,, 7 10 8 
@ ra cooceccooes ; 10 ; 
me ship plates....., 5 
yaar | 10 q 
Sootch bare ......... 15 7 
ty BRI) FOUR ... .sereeeee i 10 8 
Stalfordshire bars ......... 1 «6=«8 
® lates se 8 0 9 
” — seeeee 2 10 11 
OOPS sesvee ° 9 
Welsh ‘alla, a W. scorseeee Hy 5 5 
° ) 
. boiler Haus sw 2 ° 1" 
” ay 3.W. weeees oe 9 
LsgAD 
Soft 1g 20 
° e 10 ar 
8; " s 19 
+ oan ° a2 
PaosPHor Bronzs— 

(per cwt.) ...... ecscmsseeenn § 88 7 
QUIOKSILV&R (per bottle) 7 § ° 
SoRaP (per ton) — 

Old rails for re-manu- 
SS ne en 5 
PSLTER (per ton)— 
Silesian, ordinary .....0..0. 19 § 19 
§ (RG ELBISEN (per ton,— 
poossers-sessescssceccccscncns 8 © 6 
o ee. .¢% 
Sres. (per ton)— 
Best ca svssasecesessssecce $4 © ° 

” doubles cooreseee 45 s 

+ Single ersscosee $3 8 §0 

_—— spring cosescesence 14 =O a2 

BUStOr ose sececcsseecseceere 08 © Oe 

MEAD oon, ccceccssssersescere 98 TO |= gO 

Bessemer rails ...cccerserss 7° 7 

o CYTOS...ccocccsccee 10 @ 18 

” BEIOE cicscssceree 10 10 12 

me DOR Ln. es ccnees i s 8 

” I BOts 0. scrceeree 1° 7 

Stress Castines (per cwt)— 

—— cylinders in 
the rough not to ex- 

coed 6 ft. in length, s. 4, 8. 

rs 6 66 38 

Do, do finished ............ 9® © 34 

Piniens and cog wheels a5 o 28 
Hammer tupas, faces, 
swages, 5 owt. and 

above. yo 20 (8 


Holders-up for ri 
machines, ac., 1} to 


AOS OA eee eeeeeeeeeeeeeeee® 
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GLUE sreseeeceecseseacesses 30 
PseTaoLeumM— 8. 
Fine (per gallon) wn... © 
—— ene ° 






—_— riush owt)— 


seseeccecssecsersenss 8 


_~ b 0 
PLomeago (per cwt.)— 














Oeylon lump ..... 14 

» chips ... 9 

10 ABBE ..cccorccccccccvce 7 
Rattwar GareEasE (per 

CWE.)—R080'S crcccoceeeee 28 
Pritchard, Offer and Co.’s 

© trated so 





Rasin (per cwt.)— 

AMETICAN ,,,.,,..c0se0eereee8  § 
TALLOW (per owt.) 

NN. AMCTICAD cccceseceseeees 

8S. American beef . 

sheep... “. 

Australian = eseee 


St. 5 ot occeee 















WIPINGS, engine (per owt; 


CHEMICALS, 
—_- 8. 
Aquafortis (per Ib.) ...... 
Sulphuric acid (per 1b.) 
Sulpharic acid, brown .., 
AMMONIA — Muriate (per 
BOM)... .eecceccercrssesee- secenecs 
ARSENIO— 
White, lump (per ewt.) ... 
Powdered (percwt.) .. 
BOEACHING powder percwt. 
Borax—refined (per cwt.) 
BRIMSTONB (per ton)— 
Rough 


TFOGUP cocsecvcscescencnseseqenene 


er? BP coo 


Mee 
27o 
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—— — wer 
Oorrae — _ ‘Suiphate “@er “1 
WE.) cccccccccccsccccccscccce SE 

Leap, SaLTs, &0., (perowt.)— 
Acetate, best 
Brown ” o00 ceeceeceeees 
te eeeee - 
LITHARGE ( r owt). eeeceenee 
eine mate (per 


O08 pee eee ree eee 











~_oeres) oo 0 


Saytreria (gr i)” 


Se 











STEEL CASSTINGS —Continued s. d. 
Side cranks, cross 
crane wheels, engine 
slides, ac. ° 
Tumbler bars and other 
Castings for se 
PUFPOSES .,.ceccerserereee 20 © 
Sweoise (RON (F.0.b.) at 
we - £ 8. 
Pig .. rman ae | 
Bar rolled. 000 -coceecees 9 °@ 
» bamme e.cccsecccccss ES © 
= Wer =e - 
° 
° 
° 
oO 
° 
° 
to 
TIN PLarss (per box a. 4, 
m PLarms (per box) 220608 
° 
° 
7. ° 
ZINC (per ton)— £ s. 
Sheets, English ............ 22 10 
Wire, Fencing ....... 10 1g 
» Telegraph (gaivan’ 3a) 16 «10 
COALS AND COKE 
OOALS (per tun) — s. 4a, 
Barrow .. 10 6° 
Bristoi $¢0C«e 
Derbyshir 8 @ 
Lancashire 8 © 
Newcastle and Durham. . 8 e@ 
Scotch ] ° 
8 © 
9 © 
8 6@ 
Coxsz— 
OlOVElADA” sescsserrecorerseeree 10 6 
Durham 20 «(8 


CoeoFoeeeoeoP ooo coon ood? 


enecacanaonF 


OILS, GREASE, OLESOAT ORS 
£ 


8. 8. 
° 4 ° 
° 344 C«e 
° 80 0° 
10 eo 60 
o* 2 <@ 
10 gt 0 
° 8 °© 
d. s. 4d. 
113 ro 
8 °° of 
° 9 10 
° 9 ° 
° 160 (Oo 
6 33 «(C6 
9 9 @ 
° eo 608 
° co (0 
V] 1 eo 
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THE CURVING OF WAVES ROUND 
BAYS AND BREAKWATERS. 
By S. R. DEVERELL. 

THERE is a point on the Australian coast, viz., 
Portland Bay, Victoria, which presents a remark- 
able case of the curving of waves round headlands, 
The bay is exposed to the sea in the south-east 
direction ; but the swe)l from the west curls round 
and approaches the shore opposite the town in 
exactly the cpposite direction, viz., from east to west 
instead of from west to east, the direction in which 
it—urged by the wind—is travelling outside the bay. 
When thus coming into the bay in its reversed 
direction, the secondary waves and disturbances on 
the surface are wholly lost, and the waves approach 
the beach in lines of the greatest regularity and 
shape, affording the best opportunities for observa- 
tion, On one side of the sweep of the bay is a high 
cliff (Lighthouse Cliff) which commands a full and 
complete view across the bay, and from whence the 
curves assumed by the long lines of waves as they 
come in from the Southern Ocean, are fully exposed 
to the observer's view, so that it would be difficult 
to conceive any point affording a more complete 
panorama for observation. 

The first fact which strikes the attention of the 
observer is, as has been said, that the waves divested 
of their secondary waves and surface disturbances 
display themselves in regular lines and ridges of 
immense length, extending in fact further than 
the eye can reach, which is about twenty miles. 
Next, that these lines seem to accommodate them- 
selves to the curves in the shore, thus maintaining 
generally the shape of the shore, but showing a ser- 
pentine deviation from it here and there. Thirdly, 
the distance from crest to crest of two waves is seen’ 
to vary at different points of the lines of their ridges. 
I think it may be shown that these several effects 
are produced by the varying velocity of the wave as 
it is affected by the depth of the water, and that 
this is the cause also of its curling round headlands 
and bays, and in some puzzling cases breakwaters, 

The accompanying diagram (Fig. 1) is an outline of 
the shape of the bay referred to, the observer being 





on the cliff at P. The arrow shows the parallel ridges 
of the waves in deep water, advancing from the 
west, and the curved lines the paths which the 
ridges assume in rounding into the bay and revers- 
ing or altering their directions. These, it will be 
seen, inside the bay show the waves to be progress- 
ing from east to west in exactly the opposite 
direction to that in which they are coming on the 
other side of the peninsula at D (Nelson Bay) or 
outside in the deep water of the ocean. 

Now Mr. Froude has shown that the velocity of 
& wave decreases with the depth of water, the 
orbits of the particles becoming more and more 
elliptical as they approach shallowing water. To 
make the present matter clear let A in the sectional 
view (Fig. 2) represent approximately the orbits of 








the particles of water of a wave (advancing in the 
direction of the arrow) in very d water, the 
lower particles having a very 1 orbit, the bottom. 
or ground being denoted by the shaded line D E F G. 
If the water continue at the same depth when the 
wave hzs advanced to the position B E, the onward 
velocity will remain the same, but if it come on 





shallower ground at C F, so that the bottom inter- 
feres more with the orbits of the lower particles at 
RB, then the wave at CF will be retarded or its 
velocity diminished, the orbits becoming elliptical ; 
and if another portion of the same wave comes on 
still shallower ground, that portion of the ridge will 
be impeded more than the other, and the ridge 
(which of course exhibits the onward progress of 
the wave at the several points) will have a curved 
form, the curve being more adyanced in the deep 
parts and less in the shallow, as is shown in the 
plan, Fig. 3, where the arrow shows the direction of 





the advancing ridge a } in uniformly deep water, 
and the serpentine curve cd assumed by it on its 
meeting with water of different depths. ‘The deeper 
the water the more advanced is the ridge of that 


rtion of the wave passing over it, and a person 
ving a bird's-eye view of the ridge can predict 
precisely under what particular portions of the sur- 


face the water shallows. For instance, he will know 
that there must be a shoal about the position E, in 
advance of the backward bend of the ridge, and that 
the deepest water is at F, denoted by the bold ad- 
vance of the ridge at d. 

With regard to the varying distance between crest 
and crest, it requires no demonstration to show that 
it must be greater where the preceding ridge in ad- 
vance is unimpeded or in deeper water than where 
retarded or in shallower water. In shallow parts, 
therefore, the ridges are closer together and in 
deep parts wider apart; in other words, the distance 
from crest to crest increases with the depth, and 
the deepest part of the water in a bay will be shown 
- the most prominent or advanced part of the 
ridge. 






Let a b (Fig. 4) be a wave ridge in uniformly deep 
water, and therefore a straight line. If, however, 
at the point 4 near the end of the headland or break- 
water, it strikes shallow water, its velocity is con- 
sequently, according to Mr. Froude’s law, retarded ; 
the ridge there lags behind, and thus presents the 
appearance of a bent or curved line ; in fact, exactly 
at the end of the point or breakwater the wave 
actually meeting the shore, its advance is there 
stopped altogether, and. the ridge presents exactly 
the appearance of a filé of soldiers in the act of 
wheeling round the pivotman, and for the same 
reason, Viz.,. the varying velocity of each man in 
the line as he is nearer or further from the pivot; 
the deeper water outside giving the greater velocity. 
In this way the wave curls round the obstruction in 
a curve exactly suited in every part to the shallow- 
ness of the water, and so by shallowing he water it 
will be quite reversed or even brought round in a 
spiral; numerous natural cases of which may be 
dsorvea on most coast lines. . 

But from what has been said, it is evident that in 
the case of a steep-down headland in water, 
the wave passing the end and having plenty of wom 
for its advance, without the. bottom es be ng 
arrested, will pass straight on unimped 
velocity, which equalling that of the outer part, the 
ridge will be a straight line, and the sea will not 
curl round. If waves, therefore, curl round a 
breakwater it would appear that the cure is to 


di 
inside, 








the water obevpey at the end and along the 
Indeed, by so doing and by gradually shal- 
lowing the water outward from the end of the 
headland or structure, the waves may be made to 
curve round the opposite way, or, so to speak, wheel 
round the shallower part B asa pivot (Figs. 5 and 6) 
instead of turning round inside the structure A. 
That the curves assumed by the ridges will follow 
the general contour of the shore is obvious from 
what has been said, For if the slope of the bottom 
from the shore edge be the same all round a bay, 
as is mostly the case, the same depth of water w 











be found equidistant from the shore at all points, 
and the advance of the wave ridge be retarded 
uniformly all round, and the line of ridge will thus 
become parallel or concentric with that of the shore ; 
wherever there is uniform depth of water in a 
straight line the Lap line will be a straight line, 
but if the uniform depth be in a curved line the 
ridge line must follow that curve. At such a point 
of observation as that I have named the relative 
soundings and peculiarities of the bottom throughout 
are indicated at a glance by the curve lines and 
agua shown by the ridge lines of the waves on 

e surface. 

There are, I am aware, multitudinous phases of 
the phenomena of the directions taken’ by waves, as 
indeed is evident by the diagram in Fig. 1, but all 
of such conditions would seem to fall under Mr. 
Froude’s simple law of the retardation of velocity in 
shallowing water. 





The tendency of waves to amplify or spread 
laterally is a phenomenon not at all esumoctad with 
their varying direction. In an article on *“ 
Sea Waves” in Naval Science Mr. Merrifield refers 
to this tendency of waves to a laterally on 
passing into a harbour, but the same tendency 
operates alike in either deep or shallow water. 
When a .wave is raised at any point it must, of 
course, merge gradually into the state of flatness of 
the surrounding water, or, in other words, extend 
laterally like the deploying of aline of soldiers ; 
and this would certainly seem to lain the ano- 
malous fact as vouched for by all aring people, 
that a ship encounters the swell arising from a gale 
before the gale itself. As the sea travels so much 
slower than the wind, this prognostic would not be 
possible in the case of a ship sailing in the track of 
the wind and sea, but the fact becomes perfectly 
explicable on the supposition that the vessel meets 
the lateral extension of the waves before crossing 
the — strip in which the originating wind 
wing 


is blo 3 
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THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. VI. 
By J. Crark Jerrerson, A.R.S.M., Wh. Sc. 

Accorpme to Kerl, the zinc blende (sulphide of 
zinc) is decomposed at the higher temperature in the 
furnace by the metallic iron. This may be the case, 
since zinc blende can be decom by heating 
with many oe - — metalli — but 
these require very hig Sompeena, Bs e zinc 
Silos capeweded by a highly reducing atmosphere 
would be immediately oxi It seems more pro- 
bable that the small traces of metallic zinc which 
are found in the work-lead, have been reduced by 
the carbonic oxide. : 

In the w m of the furnace eg a 
blende is subjected to a roasting process, being 
transformed te oxide and sulphate of zinc; the 
latter is first decomposed when it descends lower 
into the furnace and is subjected to a good red- 
heat, forming oxide of zinc and giving off sul- 
= acid. In this condition as oxide it q 
lor the most part, through the furnace unaffected, 
since any zinc which might be reduced by the car- 
bonic oxide to the metallic state, would imme- 
diately reoxidised by the carbonic acid or air, and 
thus pass into the slag, which is thereby rendered 
extremely refractory, and if in any large quantity 
would very disadvantageously affect the working of 
the furnace, requiring more fuel to melt it and a 
higher temperature than is compatible with the 
favourable working of the schlieg furnaces, and hence 
it is that so much care is taken to effect as perfect 
@ separation as ble in the dressing works,* 
The amount of le of zinc in the slags has, during 
the last few years, averaged about 4 per cent. The 
greater portion of the zinc, however, is probably 
carried off mechanically as oxide and sulphide of 
zinc, and in its escape from the furnace es other 
metallic particles along with it into the fume 
chambers, or the sulphide of zinc in contact 
with the air CO, and CS, may form incrustations 
on_the sides of the furnace, which consist essen- 


tially of 

Zn,0+CO,Zn 0+Zn 8 
combined with other sulphides, 
' Spathic iron ore, which is contained in more or 
less quantities in some of the Clausthal ores, acts 
favourably on the smelting operations, not only the 
iron but also the manganese contained it it seps- 
rating any oxide of lead which may have inte J 
the lag and rendering the slag more fusible. 

The heavy spar is injurious to the smelting oper- 
ations if present in any large quantity. The sul- 
phate is reduced to sul , this _ e in contact 
with any oxide of lead or copper which may have 
passed into the becomes converted into silicate, 
and the oxides lead and are converted 
into sulphides which fall the into the 

us, The reactions are represen in the 
following equations : 
3 Ba S+3 Pb O SiO, =8 BaO SiO +s PbS 
Ba 8+Cu, O Si 0;=Ba 081 0,+Cu, 8. 

The sulphide of lead thus produced is decomposed 

— metallic iron, forming Fe S and metallic lead, 

Cu, 8 at once into the regulus, so that 
the amount of metallic lead as well as of regulus 
is increased by the presence of heavy spar, and the 
slag is rendered cleaner and more fusible, Towards 
the lower parts of the furnace, according to Kerl, 
part of the a of barium is reacted upon by 
the iron, which forms FeS, an oxysulphide being 
thus formed consisting of 

Ba 0+ Fe 8+Ba 8, 

and as the fic gravity of this compound is be- 
tween thatof the regulus and the slag, it forms a layer 
between the two, the so-called ‘‘ mattenstein,” which 
is with difficulty separated from the slag ; and as it 
contains metallic impurities entangled in it a loss of 
metal is thereby occasioned. It seems most pro- 
bable that the — is formed by the oxidation 
of the sulphide of barium by oxide of lead, and the 
Fe 8 is accounted for by the reaction of the metallic 
iron ou the PbS thus formed, the metallic lead 
would readily separate from the ‘‘ mattenstein” by 
e+ the great difference in their specific 
gravi 

The sulphide of arsenic occurs but to a small 
extent in the Clausthal ores, this is completely de- 
composed by the metallic iron : 

AsS,+2 Fe=2 Fe 8+As, 


* The difficult fusibility of a slag entails another disad- 


. the regulus is much more imperfectly 
separated, and loss of lend and copper to ® considerable 





and as is evident from this equation it consumes 
twice its own rity of iron. In a similar 
manner any sulp of antimony, which occuf 
sometimes to as much as 4 per cent, in the ores, is 


reduced, 

2Sb, S,+3 Fe,=6 Fe S$+48b, 
and as is evident causes (though to a less extent than 
the sulphide of arsenic) a comparatively large con- 
sumption of iron, and the formation of a amount 
of regulus. These two metals also combining with 
the lead cause the formation of a lead speiss, and 
should any nickel or cobalt be present these are col- 
lected in it. The greatest loss of metal from the 
presence of antimony and arsenic is perhaps due to 
the volatility of these two metals, which will carry 
mechanically particles of lead with them, and thus 
occasion a ter amount of lead fume, 

The y materials occurring with the ore are 
not injurious except in excessive quantities, and if 
present in proportions favourable for the formation 
of readily Fas le slags are advantageous. Silica, if 
in excess, occasions the consumption of a quan- 
tity of iron, the presence of cale and brown 
spar in quantities sufficient to flux the silica is there- 
fore advantageous. Lime or carbonate of lime has 
no effect in reducing sulphide of lead, so that the 
sole advantage in its use appears to be to flux the 
silica, As we have mentioned, it is in fluxing the 
silica that the great consumption of iron takes place, 
and as the supply of the Oker slags was diminished, 
the probability of their production at Oker ceasing 
became evident, attention was directed to attempting 
to lessen the consumption of these by replacin 
them by lime, accordingly 1050 ewt, of the Clausthal 
ores were smelted with a gradual increase up to 
88 cwt. of limestone, and gave the following average 
result. A comparative trial was made at the same 
time, which we also annex.* 

imental Comparative 
eatrial Trial. 
Charge. 
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* That is, the average sey occupied in smelting 100 cwt. 
ore. 


These experiments proved that a portion of the 
highly basic copper slags could, without any material 
disadvantage, be replaced by the use of limestone, 
but, as it might be expected, that the amount of lime- 
stone would vary, and that in proportion to the 
amount of silica in the ore, which required to be 
fluxed ; it was found, however, that in no case could 
the amount of lime added exceed 10 per cent. of the 
ore; as otherwise, the insufficient tem and 
insufficient pressure of the blast were unable to 
effect the reduction of sufficient iron, and conse- 
quently the decomposition of the galena was re- 
tarded, and, besides, the slag formed is not so fusible 
as that with protoxide of iron, so that with a too 
large a percentage of limestone a stoppage of the 
furnace ensued. 

In another case the best composition for the 
charge was found to be, 100 cwt. of schlieg, 10 cwt. 
of limestone, 100 ewt. of Oker slags, 84 owt. of 
schlieg slags, and 5 cwt. of im litharge, the 
products obtained being 61 cwt. of work-lead, 48 owt. 
of regulus, with a consumption of 454 ewt. of coke. 

From what we have seen the nature 
of the reactions which occur in the furnace, it will 
be evident, that whilst a comparatively high tempera- 








* For the analyses and numerical details peesetng the 
-, we are indebted to Herr F. W ich, of 
Mining Academy. 
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uired in the lower half of the furnace, 


desirable to have the temperature in 


ture is 
that it 


ufs | the upper half reduced as much as possible. The 


temperature is regulated by the mode of charging, 
yo relative amounts of fuel and charge, 
and on the pressure of the blast. The furnace 
is charged throwing the mixture of ore, &c., 
to the back of the furnace (i.c., that side on which 
the tuyere is situated), and the charge of fuel to the 
front, This mode of charging is said to be adopted 
because it facilitates better the various reactions 
which take place in the furnace, and is used for 
mixtures which are easily fusible, and do not 
require a high reducing atmosphere. It ap 

to us, however, that the real cause of this mode 
of ss is that by this means the temperature 
of the hearth is kept comparatively high, and 
the upper of the furnace much cooler than 
woul the case if the ore and charge were spread 
in horizontal layers, as then the hearth might not be 
hot enough, and the upper part of the furnace too 
hot, allowing a great loss of lead by volatilisation, 
which ought to be condensed in the upper part of 
the furnace, When the furnace is — by throw- 
ing the ore, &c., to one side and the fuel to the other, 
these do not get intimately mixed till near the lower 
part of the furnace, and the combustion of the fuel 
takes place first towards the lower part of the fur- 
nace, and being effected in less time than if it com- 
menced higher up the temperature is proportionately 
higher. By this arrangement also the zone of re- 
duction is lower down in the furnace, and only so 
much iron is reduced as is necessary for the precipi- 
tation of the lead from the galena, Besides this the 
fluxing of the materials in the ore, which, unless a 
large quantity of iron is added, requires a higher 
temperature than the reduction of the galena by 
iron, is then Saces at "~ ee time as Pn de- 
composition of the galena, for if charged in the usual 
ou hes with horizontal layers) more fuel would be 
required to melt the earthy materials, and a great 
loss of lead due to volatilisation would be the result, 
and a higher reducing atmosphere would obtain, 
causing more iron to be reduced than is necessary, 
which would occasion the formation, as we have 
previously mentioned, of accretions in the hearth of 
the furnace. The prevailing temperature in the 
hearth of the furnace is supposed to be about 
1100 deg. to 1200 deg. Centigrade, and in the 
upper part of the furnace near the mouth from 
15 deg. to 20 deg. Centigrade. 

In the immediate neighbourhood of the mouth of 
the blast pipe, the entering air comes into contact 
with the glowing fuel and forms COy, this is almost 
immediately during the next portion of its ascent 
robbed of a portion of its oxygen and converted 
into CO, soon after, as it ascends, the temperature 
of the furnace becomes rapidly so low that the CO, 
is incapable of oxidising the fuel with which it is in 
contact, so that the zone of the furnace in which a 
reducing atmosphere is formed is much less than is 
the case in iron blast furnaces, In this part of the 
furnace the Fe O (resp. Fe, O,) of the slags, roasted 
regulus, &c., are reduced, and the metallic iron thus 
formed begins to act upon the galena in the ore, 
reducing the — to metallic lead, and at the 
same time the Fe S formed combines with of 
the galena and forms the regulus, which are both 
melted and trickle down among the as yet solid, or 
semi-solid, constituents of the This zone is 
just above the level of the tuyeres, indeed on looking 
through the eye of the tuyere, the molten lead and 
regulus may be often observed trickling down 
among the half-melted slags, &c. As the charge 
descends to the level of the tuyeres the reduction of 
the galena by the metallic iron and the melting of 
the slags proceed more rapidiy, indeed it is chiefly 
here that the decomposition of the sulphides take 
place. A small portion of the molten lead as it 
— before the tuyeres will be oxidised by the 

last, and pass immediately into the slag. Below 
the tuyeres the contents will sink down in a fluid 
state and arrange themselves according to their 
different specific gravities, metallic lead at the 
bottom, then regulus and slag. From the construc- 
tion of the furnaces it will be seen that when the 
molten products have reached a certain height, the 
flows over and along the slag gutter, on which it 
cools and solidifies, it is then lifted off with a fork 
and thrown to one side of the slag gutter until it is 
quite cool. 

A small portion of the slag, the so-called ‘‘ Deckel 
slag” or covering slag, solidifies at the furnace breast 
just above the hearth. This slag usually contains a 
greater amount of metallic impurities than that 
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which flows down the slag gutter; it is thrown to 
one side separate from the other slags, and after- 
furnaces are worked with a slag prolongation to the 
tuyere technically termed a “ nose,”\which is formed 
by throwing into the furnace soon after it is blown 
in a certain quantity of (somewhat less fusible 
than the slag produced, and called “ nose slags”) on 
the side of the furnace next the tuyere. When the 

during its descent comes in a molten condition 
in front of the tuyere, it is caught by the blast and 
blown into a pipe, the blast at the same time cooling 
and solidifying it on the inside. Its length varies 
usually from 10 in. to 15 in.; besides preserving the 
tuyere, it transfers the place of most intense heat 
towards the centre of the furnace, and is said to 
divide the blast better—this latter advantage is not 
80 Jew | obvious. It may, however, be safely con- 
si as a good criterion for the proper working 
and of the temperature of the furnace. As might 
be expected, if the temperature rises much, the 
extreme end of the nose will be melted off, and the 
nose will become shorter, which will be seen on 
looking through the eye of the furnace, the nose 
will at the same time be brighter than usual ; if, on 
the con at A ~~ tem pane te mcg pe re 
the nose e greatly prolo: ill a 
dark, and the wduie’ a intense canbunion 
will be transferred nearer to the front wall, which 
will become much warmer. The length of the nose 
is easily altered a ag eine y or diminishing the 
amount of fuel. igher tem ure of the 
furnace will in most cases be due to the addition of 
too great a quantity of fuel. A higher temperature 
in the furnace, besides causing a great loss of lead 
by volatilisation, will occasion the oy ewe of more 
iron than is necessary, which if oxi by the blast 
will be retained in slag rendering it heavier and less 
easily separated from the pages, or if not will 
collect as an incrustation in the hearth of the furnace, 
If the normal amount of blast is kept up, this will 
be then too small, and the atmosphere of the furnace 
will be more reducing than previously, so that both 
on account of a higher temperature and a more re- 
ducing atmosphere more iron will be reduced than 
is advantageous. 

If, on the other hand, the amount of fuel is too 
small, the temperature is thereby reduced too much, 
and the precipitation of the lead from the galena b 
the iron (which requires a high temperature) 
be incomplete, “ bears” will be formed | in the upper 
part of furnace, the smelting also will be more 
incomplete, and will take place more slowly, thus 
causing @ slower descent of the charge in the fur. 
nace, and in consequence of the contents remaining 
longer in the furnace, the temperature towards the 
mouth of the furnace might be increased, and even 
become glowing, whilst the lower part of the furnace 
was cooling, the upper of the charge would 
become oxidised, especially the iron, which would 

ble of precipitating the lead, and 

in the , and the lower part of 
the furnace might eventually become so cold as to 
necessitate its being blown out. 

The proper working of the furnace is no less 
dependent on the nature of the charge with regard 
to its fusibility than on the temperature. If the silica 
in the charge existsin the state of quartz, as is most 
usual in ores from veins, then the bores yf will be 
much more refractory than if it existed solely as 
silicates ; if it poco | in crystals it would never be 
completely fluxed, but would ‘be disseminated in 
grains giving the slag a porphyritic appearance ; this, 
however, would hardly ever be the case with ores 
which are dressed so fine (schlieg) as the Clausthal 
ores. The refractory c of a charge is not 
simply due to the amount of silica as such in the 
ore, but to the relative proportion it bears to the 
bases present to flux it ; an excess of lime, as we have 
seen, likewise makes a slag less fluid in its character. 
If the is refractory on account of an excess of 
bases, it might attack the sides of the furnace, and 
being incompletely melted remain attached to it, 
forming “bears” in the body and hearth of the 


urnace. 
A similar effect would be produced if the char, 
was too refractory owing to an excess of silica, the 
half-melted mass would be liable to solidify and attach 
itself to the cooler sides of the furnace, In this 
latter case the charge is rendered more fusible by 
the addition of basic slags from the same or other 


smeltings. 
We have already mentioned that Zn § renders 
“* For the smelting under consideration, it could be used 





again through the furnace. All the | floo 


a charge highly refractory, and that the best remedy 
is as complete a dressing as possible on the dressing 


Ts. 
"Both coke and charcoal are used as fuel; the 
former has the advantages of giving a higher tem- 
perature, and being heavier and more compact than 
charcoal, can bear a greater burden, and allows of 
the escape of less fume, and, besides, as less carbonic 
oxide -is formed with its use, the reduction of the 
iron can be better regulated, 





HIRN’S THERMODYNAMICS,.—No. IX. 
Ill. Discussion on the Nature and on the possible 
Values of the Term A Pu. 
Both in it itself and in.connexion with r, T, and 


oT the examination of the term A P wis one of the 
most interesting of thermodynamics. 
Zeuner has given the history of the equation 


rSyeagra 
APuzs Gp = dP 
at ' Pat 


and of the various forms it has successively received. 
He shows the value of the equation in the theory 
of saturated vapours. 


how A Py if known for any saturated vapour, 
at many successively increasing temperatures 
would serve as a critical proof of the approxi- 
mation or exactness of the law (@). The values 
of A P» expressed as a function of the tempera- 
ture increase, attain a maximum, and diminish to 
zero, but in the tables are inexact, and cause the 
errors committed in estimating the heat of evapora- 
tion 7, by means of the empirical formule hitherto 
employed, 
@ two cylinders of equal section closed 
below, and containing hermetical pistons, the one 
Asupported at the surface of saturated liquid, the 
other B by saturated vapour at a height h, 
such that SA=V,,S being the section of the cy- 
linder, and V, the specific volume of the saturated 
vapour, both at deg. 

the liquid is heated gradually, care being taken 
to increase the pressure, so that it shall be in equili- 
brium with the tension of the liquid, the piston 
will always rest on the liquid surface. Let the 
pressure of B be inc in the same manner 
and heat continually abstracted so that the vapour 
remains saturated, the temperature will remain the 
same in both liquids, The B piston will descend 
rather more quickly than A ascends, 

Whatever may be the form of the functions 

P=? t, w= 9't 

there will bea moment when both pistons will be at 
the same distance from the bottom, and the density, 
pressure, and temperature of the liquid and vapour 
will be the same. The body will be neither liquid 
nor vapour, or more correctly, the liquid will have 
become gradually a body possessing by its elasticity 
the property of gas. 

a pays that at a certain position of A the pres- 
sure P is not increased with increase of temperature, 
the liquid will boil, and when all is evaporated it 
will be at the height of B. The difference of the 
specific volumes V, and z is less as the temperature 
is higher, and ends by being nothing. The question 
which now arises is how this affects the product P x. 

As pure mathematicians we cannot decide this 
question @ priori. We can give to P any values, 
and to the function P u=?# any forms we please. 
We may conceive between P and / such a relation 
that P # may increase or diminish in such a manner 
that the product (P= a) x (w=0) shall have a finite 
and definite value, As physicists we should commit 
a great error in reasoning thus. ; 

In fact, from the moment w has become equal to 
zero, no more evaporation is possible, and r=0, but 
r=?+A Pw, and E P or the internal work per- 
formed during the passage w to V, can never be 
negative, We have thus as the limit of possible 
evaporation A P uw=0, 

e can now easily see that however great the 
value of P for ~=Q may be, this value is very far 
not only of being infinite, but even of being equal 
to the value of R, or of the cohesion in liquids, 

M, Hirn then determines valves of ¢, P, and w for 
the evaporation of water, and remarks that these 
are ps only distant approximations as the ex- 
periments of M. Regnault for the determination of 
?, g, and P as a function of ¢, were made at tempe- 


In discussing the theorem (), M. Hirn has shown | Pe 


of the phenomena. We see that at the limit in 
in which x=0, P is relatively small, and attains only 
a tenth of that of R or of the cohesion of water at 
200 deg., we see icularly that A P » after rising 
falls to zero, From these equations partly em- 
pirical and partly rational, giving the values of r 


Pat and AP w, we see that the maximum of this 


product is about 50 calories, and is attained at about 
350 deg- This number deserves more confidence 
than the values ¢=706.5 P=1859 atm., and w= 
yee me., which have been obtained as the limits 
of x=0. 

Experiments on the bichlorate of carbon, ether, 
&c., show that A P « increases to a certain limit, 
then diminishes to zero, as the temperature rises, 
and that the values of -P at this limit are not near 
as large as might be expected. 

Although probably not attainable with water 
without danger, the pressure and temperature which 
correspond to #=0 would allow of experiments 
being povermed without much danger with ether, 
chloroform, &c. 

The only attempt that has been made in this 
direction, but with a different aim, is that by 
Cagniard de Latour. Among other liquids he ex- 
rimented on water by partially filling a tube of 
very strong glass, hermetically closed after being 
freed of air, and discovered 400 deg. to be the 
temperature at which the water completely dis- 
appeared as vapour. 

Assuming this to be the temperature at which 
V=0.004 me., and substituting it in the equation of 
Roche, we find : ; 
P=258 atm. =2,665,914 kilog., 








from which 
A P y= _2:685,914 (0.004—w) 
425 
Employing M. Hirn’s empirical formula gives : 
w=0.001538 me., 
and thence: 
u=0,004—0.001538—=0.002462, 
whence : 
A Pu=15.4 cal. 


Taking these numbers for what they are worth, 
we find that whilst at zero A Pw is 31.094 cal., the 
number at 250 deg. is 50 cal., which falls again 
more and more rapidly to zero, 

Cagniard de Latour found for : 


Alcohol at 259 deg. P=119atm.? V, =3 w,.=0.00868 
Sulphuric ether at 

200 deg. ... .. P= 87 ,, ? Vs =2 we=0.0027 
Carbon disulphide 

at 275 deg. wo P= 7% ,, ? Ve =2 wo=0.00245. 


The author proceeds to explain that his empirical 
formule cannot confidently be employed here, both 
because his maximum temperatures were lower, and 
more particularly because he operated at the con- 
stant pressure of 16 atm., whilst the specific volume 
w, which enters into the product AP (V—w), is 
that of saturated liquid, submitted, like the vapour 
itself, to the variable pressure corresponding to 
the point of saturation. This considerr:ion. is of 
little importance in treating slightiy elastic liquids 
like water. It is not so when the liquid approaches 
the point w=V, at which all liquids would become 


sible would give fictitious results, if P is not pt 
equal to the tension of the saturated liquid. The 
value for alcohol established by the author is w= 
0.0055 me. at 4259 deg., which value is too great, 
On the other hand there would be an error com- 
mitted in concluding from Cagniard de Latour’s 
results that V=0.0036 me. for alcohol (for example), 
as the manner of pe naam prevented the true 
value of V being arrived at, He employed a syphon 
tube with branches of unequal length closed at the 
ends, mercury filled the bend, and the liquid operated 
upon was contained in the space between the top of 
e short branch and the surface of the mercury, 
the other branch containing dry air at a uniform 
temperature, thus serving as a manometer. The 
shorter branch was heated in a bath of oil, and as 
the temperature was raised more and more vapour 
was produced, and the specific volume of the liquid 
not yet evaporated also i , but on account 
of the species of manometer employed the travel of 
the column of mercury in the longer limb diminishes 
for equal increments of pressure, and the increments 
of the relative volumes for the vapour in the shorter 
limb also diminish. To fix the ideas, Let ?, and 
P, be the temperature and pressure at which w, = 
V.; suppose w, = 4, (the volume at zero=w,), 





ratures below 230 deg. Assuming them to be true 





over again in a subsequent smelting. 


only within 20 per cent., they give a very clear idea 


but that the space in the shorter limb was too smail 
for this volume ; by increasing the temperature and 


elastic, and experiments on their elasticity if pos- . 
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marks, lst, that with carbon disulphide and bichlo- 
ride of carbon the experimental values of AP x 
approach the values obtained from the equation 
ai Pr 
APu= —aP 
T aT 
but whilst the maximum of the tables is attained 
at 130 deg., that of experiment is not attained at 
163 deg. This result, instead of showing a dif- 
ference between theory and experiment, only 
proves that the values of r or (A—q) are not exactly 
known at high temperatures ; the reason why the 
maximum of A P ~ was not passed was that the 
vapour corroded the copper at about 170 deg. 

2. The value of AP x for benzine could not be 
calculated, as the relation of w and ¢ is not known, 
and hence V—w=z is also unknown; from 160 deg. 
to 202 deg. the values of A P V remain stable. 

3. The results with ether and alcohol prove the 
instability of these compounds, Although ing 
to a certain extent with the tabulated values at 
high temperatures (120 deg. for ether and 140 deg. 
for alcohol), the calculated and experimental values 
of AP x differ considerably ; these differences are 
caused by change in molecular condition due to high 
temperature, which was proved experimentally to 
have been the case with ether in which at about 
140 deg. there was a formation of gas, Pe mpc by 
the vapour being only partially condensed in water, 
bubbles rising to the surface. 

As the result of the experiments it may be stated 
that there exists no contradiction between the real 
sequence of the values of A Px and the theorem 


(@), or 

P (V—~))=P, —")), 
and that the ahaa ae = 4 | Pu, strongly 
anticipated in the actual tables, only commences at 
a — where one can no longer, without consider- 
able error, confuse the different variables V, V—\ 
=u and (V—w)=x. 





THE PENNSYLVANIA RAILROAD. 
No. XLIX.—Drop-Borrom Gonpoia Car. 

THE so-called drop-bottom gondola cars are 
employed for carrying coal or other freight which 
can be conveniently discharged through an oe 
ing in the bottom of the vehicle, Figs, 1 to 6 show 
the construction of this class of vehicle. The body 
measures 7 ft. 6,in. inside in width, and 23 ft. 64 in. 
in length. The depth of the sides is 2 ft.5 in. In 
the centre of its length the bottom of the car is 
placed 2 ft. 1 in. below the floor level, and this de- 
pression is closed by two doors, measuring together 
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2 ft. 10 in. by 4 ft. 7in. The floor of the car is 
connected with these doors by an incline on all four 
sides, the length of the opening on the floor level 
being 12 ft, and the width 7 ft. 64 in. The sides of 
the car are built up of 2? in. tim , two of them 
forming the depth, and the floor is 1}in. thick 
made of timbers grooved and tongued together, 
and projecting beyond the car body, so that the 
whole length of the vehicle is 26 ft. The sides and 
ends of the body are strengthened and held together 
on the inside by iron straps running from the floor 
vertically to the top of the body, and 2 in. wide 
by 4in. thick. There are four of these straps in 
each side, and two at each end of the car. ey 
are fastened to the timbers each by four 3 in, bolts 
placed 6 in. apart. Besides these straps there are 
three inner and outer corner straps at each angle 
of the car, also bolted through as shown. The = 
of the body is protected by a flat bar running 
round and fastened to the timbers by coach screws. 
The inclined portion of the bottom is of 1} in. 
timbers, held together by two straps 3 in. by $ in. 
running along it on each side, in the middle of the 
length of the incline and at the bottom, as shown. 
At the bottom of each portion are bolted the hinges 
by which the doors are attached. These doors are 
each of them 1 ft. 5 in. wide, and when closed are 
held in a horizontal position by means of chains 
passing through staples in the doors, These chains 
ass around a shaft running across the car near the 
Reon line, and having at one end a toothed wheel 
gearing into another wheel, which is moved by a 
lever from the outside of the car. Figs. 1, 2, and 3 
show this arrangement. The framing of this car 
consists of six longitudinal timbers, the outer and 
middle pair of which are 4in, by 10in., the middle j 0d 
being 34 in. by 8in. The end beams are 9 in. deep 
and § in. wide in the middle, being tapered as shown. 
The cross framing over the truck consists of a 
timber 14 in, by 8 in. in the centre, and underneath 
a timber 14 in. by 6in., extending between the 
outer frames. This is trussed in a manner similar 
to that in the passenger carriages already described, 
and is shown in Fig. 2. The longitudinal section 
shows the position of the turning plates on the car 
and truck, as well as the centre of the latter. 
A cross-beam 4 in. by 8 in, is also introduced 
immediately below the commencement of the in- 
clined portion of the floor, The under-frames at 
the ends of the car consist of two timbers placed 
underneath the central pair of main longitudinal 
timbers, and to them are attached the central buffer, 
which is also the draw bar; two bum of cast 
iron, 2 ft. 6 in. apart, are placed on each beam, as 
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shown. Two 1 in. in diameter, are introduced 
at each end, g from the buffer beam to the 


cross timber at the commencement of the incline, 
and the transverse rods are also introduced. Along 
the outside longitudinal tim’ cast-iron sockets 
are bolted at intervals of 4 ft, and 3 ft, 6 in., to carry 
posts which extend to the of the car, and to 
bn the side es sigs the manner 
own. These cars weigh 9 tons, 16 tons. 
Table No, XXXVIIL. gives detailed pec: she na of 
their cost and the amount of materials employed. 


TABLE XXXVIII.—Details of Material sapheayt ont Cost 





of one Standard Hopper-bottom Gon Car. 
° : dols. £384 
) Oa EE ee woe «28,67 544 
Proportion of fuel and stores 0.91 084 

s superintendent, r 
Swersans 1 gles ow 0.30 o11 
a) e ooo one is 

1602 Ib. Castings eee n 82.04 516 8 
3154 1b. Wrought iron eve 110.89 20 20 
116 Ib, Malleable castings ... 9.28 113 9 
636 ft. Oak dab. le wi 12.72 268 
1500 ft. Yellow pine .., . ... 39.00 722 
24 ft. Pine oe nwa se 0.48 01120 
46 ft. Hickory a 1,32 049 
106 Ib, Nuts .., . eee 7.42 ) a ds 
Ib.. Washers one we 0.25 0 Ol 
Wheels andaxies.. 149.00 27727 
2 Volute springs... ae 4.10 0m 11 
8 Boxlids., .. . 2.12 078 
116 Splitkeys 4.00 as . 0.11 0068 
4 Union springs ,,, os 29.52 5676 
4 Follower plates - 3.20 0ll 8 
4 Ib. Leather ,., seo ove 1.04 038 
Ob. Chaim ce ccc ted 0.90 088 
13 Ib, on Ws: aa? eek 1.30 048 
19 lb, , i a tan 1.90 0 611 
lb. Bronze eee oo —«26—.24 415 10 
Ee Pa: eek 0.63 023 
Wood screws ,,., ° 1.51 0656 
30 Ib. Rivets .,, “ 3.18 oll 7 
28 Ib. Hunter's paint,,, 2.76 010 0 
‘i Varnish ,,, pin 0.38 012 
132 Ib. Rati... ove oo 2.64 097 
109 Ib. Wrought iron .,. “ 3.82 0 18 10 
82 ft. Oak ooo oe eee 0.64 024 
7 ft, Hickory...  ... 00 0.21 009 
Elliptic bolster springs 2.72 0 910 
480.69 87 7 5& 








JAMIESON’S GRAPNEL FOR SUBMARINE 
CABLES. 

Tue kind of grapnel ordinarily employed in picking up 
submarine cables for repairs is that known as the centi- 
pede grapnel. It resembles a compound fish-hook in 
shape, the stem or shank being set round with several 
prongs or flukes which catch the cable as the grapnel 
is dragged across it over the sea bottom. ‘The flukes are 
rigidly welded to the stem, and one disadvantage in this 
form of grapnel is its liability to have its flukes broken 
off if it catches in submarine rocks or other obstructions 











on the bottom. When such a grapnel loses two or threo 
of its flukes it is unsafe for “ee ; and it is co bres gaa 
thing for a repairing ship wo over a rocky or 
enungd week to lave four ry be centipedes rendered 
hors de combat during a morning’s work. Another dis- 
advantage of the centipede, too, is that the ‘cable is apt 
sometimes to escape from the finkes after it has been 
caught. To remedy this a form of fluke has been 
designed which has an arm from the shank ready to close 
automatically on the cable as soon as it has been hooked, 





and so prevent its jum out again. Mr. Jamieson’s 
grapadl is. designed ta poe Hh both of these defects in 
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the ordinary centipede. It is intended to be self-relieving | 
when it comes in contact with rocks or other irregu- | 
larities and obstacles at the bottom, so that no undue | 
strain is thrown on the grapnel itself, or on the rope and 

machinery working it, and it is also intended to be 

capable of retaining the cable when caught, These are_ 
advantages calculated to greatly facilitate the operation 
of grapnelling in some waters. 

The principles of the new grapnel can be applied to the 
centipede form ; but they are best exhibited in the simpler 
and preferred form of the common grapnel, as shown on the 
preceding page. At the lower end of the grapnel shank 
there is fixed a boss for containing a spring which 
exercises a pressure upon the inner ends of the grapnel 
toes, as the outer portions of the flukes are called. The 
toe portion of each fluke is free to move round a centre 
or fulcrum carried by the joint of the fluke which is 
rigidly fixed to the boss, so that when the toe encounters 
a rock or other obstacle of the kind it yields te it, turning 
round on its fulcrum, and thereby exercising a compres- 
sion upon the spring until the obstruction is cleared, 
when the recoil of the spring restores the toe to its former 
position. When, however, the grapnel meets the cable 
the latter lies in the joint of the fluke where it is attached 
to the boss, and it is retained there by a spring which 
juts out from the boss and arches over it so as to hold 
it in. ‘ " 

Fig. 1 represents a sectional elevation of the improved 
grapnel. The shank, marked 1, carries at ita foot a cy- 
lindrical boss 2, which may be made of cast steel, iron, 
or bronze, and which contains and protects the spring 
6, which may be of steel or india-rubber, and constructed 
on the volute, spiral, or other principle, but preferably 
the volute. Round the lower end of the boss, 2, project 
the joints of the fluke 8, which are cast solitt with the 
boss, each pair of joints embracing a pointed toe 4, of 
wrought iron or steel, which is held in position by the | 
fulcrum pin 7, round which it is capable of revolving. } 

The shank, which has attached to its upper end a 
shackel, 10, provided with a swivel. joint, is _ firmly 
screwed to the boss by a long -coarse-pitched thread, | 
secured by a jam ‘nut, 14, in any desired position. 
According as the shank is gcrewed into the boss, the 
pressure of the spring on the toes of the flukes, and con- 
sequently the pull on their points at_which the toes.begin 
to turn round is regulated, Within the boss the diameter 
of the shank is reduced, as shown at 15, and the re- 
duced portion passes within the spring, and terminates 
in a screwed end 12, to which is attached the shackle 
11, for the length of chain which is always trailed 
after a grapnel to hold it well down on the bottom, and 
keep it from skidding or jumping. A movable piston, 
13, capable of sliding up the reduced part of tho 
shank, 15, acts as the head of the spring, and presses 
on the inner ends of the toes of the flukes. A steel spring, 
5, juts from the boss opposite each toe in order to 
guard the cable, shown in section at 18, from slip- 
ping out of the fluke when once caught, and also to 
protect the joints of the flukes from injury by obstacles. 

The grapnel operates in the following manner: The 
toes when engaged by rocks or other obstructions are 
pressed outwards and rotate round their respective 
fulera, their inner ends bearing against the movable | 
piston 13, which compresses the spring up the boss; | 
a movement which may continue until the toes move 
round to the angle shown by dotted lines on the left hand 
of Fig. 1, an angle amply sufficient to relieve the toes from 
the obstruction. As soon as the toes are released, the | 
piston is forced down again by the reaction of the spring, 
and bearing against the toes, restores them to their 
initial working angle. This angle is fixed for each | 
grapnel by the shoulders 17, on the boss 2, which | 
act as stops between the boss and toes preventing the 
latter from bending in towards the shank. 

In Mr. Lambert's patent grapnel provision is made | 
for cutting the cable when it is caught and retaining one | 
end only, which is brought up to the surface along with 
the grapnel. Mr. Jamieson also combines with his 
grapnel an arrangement of cutting shears for severing a 
cable or torpedo line, as shown in Fig. 2. In this figure | 
A and B are two steel knives or shears mounted on 
respective fulcra O and D and capable of rotating round 
them. These knives are ground sharp in their upper 
edges on which the cable 18 rests. When a strain is 

roduced on the cable by hauling in the grapnel, these | 
Eaives shut on each other and shear the cable in two. 
Serrated clamps, arranged sim.'arly to the knives, are | 
also employed on alternate flukes for retaining one end of 
the ca)le in order that it may be drawn up to the surface. 
We understand that this new form of grapnel has already 
proved of valuable service on the repairing expeditions of 
the Western Brazilian Telegraph Company, whose coast ! 
cables are at some places laid on coral bottoms very fatal 
to the ordinary stiff fluked grapnel, and we also hear 
that it has been adopted by the tern Telegraph Com- 
pany, who may find it a decided gain amongst the reefs 
of the Red Sea and along the north coast of Africa, 
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LIGHT-DRAUGHT STEAMER. 

On the following page we give an illustration of a class 
of shallow draught steamer, of which several have been 
constructed by Messrs. Yarrow and Co., of Poplar. 
The stern-wheel type of steamer, as our readers 
know, is much used in the United States of America ; 
but the vessels built there being constructed of wood are 
consequently much heavier than the one we illustrate, 
which is throughout of Bessemer steel. 

We annex below a few of the leading particulars of this 


vessel : 
ft. in 
Length overall ... -" 120 0 
» atwaterline ... 100 0 
Beam a oa a aa ms 24 0 
Draught with twelve hours fuel on board 0 13 
Speed at the above draught 13 miles an 
hour. 
Draught with 70 tons of cargo on board 21 
Speed with the above draught 10} miles 
an hour. 
Diameter of cylinders ss 0 13 
oo ee ae “ se0ik 3 0 
orking pressure > 
Diameter Pf wheel oe a 12 0 
Breadth of wheel... 16 3 


Bulkheads. There are numerous bulk- 
heads forming fourteen water-tight 
compartments, so that in case of 
damage to any portion of the hull the 
injury is localised sufficientlyjto avoid 
risking the safety of the vessel. 

Messrs. Yarrow and Co have built side-wheel steamers 
of precisely the same dimensions, displacement, and 
power as the above, and they find from actual practice 
there is no perceptible difference in speed between the 
two systems, and we believe the experience of American 
builders leads to the same result ; it must be clearly under- 
stood, however, this observation only refers to vessels of 
extremely shallow draught. 

For obtaining strength and lightness the stern-wheel 
system offers the builder great facilities, for the following 
reasons : 

It will be seen the boiler and the engines, by being 
placed at the two extreme ends of the vessel, throw a 
tensional strain upon the upper part of the hull, which 
strain is taken advantageously, and with a small weight 
of material by the system of trussing, as shown ; if, how- 
ever, the same weight of machinery were placed in the 
middle of the vessel, as in a side-wheeler, a’eompressive 
strain would be thrown upon the deck, a strain which 


lit is difficult to’ resist except by adding considerable 


additional material and consequent weight. It is found, 
moreover, from actual practice with stern-wheelers that 
by tightening up the diagonal tie bars, and thereby 
throwing an initial strain upon the structure, any exces- 
sive vibration is avoided, and it is this vibration which 
in, lightly built side-wheel boats practically limits their 
speed by determining the strength and weight of the 
construction. 

Messrs. Yarrow and Co. have built vessels such as we 
illustrate for the East Indies, Canada, and South 
America, and having in view the results which have been 
obtained, we consider the builders may be congratulated 
upon their success. 


THE ELECTRIC LIGHT. 
To THE EpITror OF ENGINEERING. 

S1r,—Further light has been thrown on the history of 
the reaction principle of magnetism by Mr. Sabine, whose 
letter on the subject appears in your last issue, and al- 
though I cannot agree with the conclusions he has arrived 
at, I must acknowledge the very fair and candid way in 
which he has stated the matter. 

The facts adduced seem to me to worktng to show that 








the late Sir Charles Wheatstone was working for the same 
object at the same time as myself, but the balance of 
evidence is still, I believe, in favour of having had the 
fortune to be before him in me Fae mt results. 
hould, however, as Mr. Sabine suggests, further evidence 
turn up proving this not to be the case, then I can be well 
content with having been a good second in a race where my 
competitor was Wheatstone. 

It is well known that Wheatstone was very jealous of his 
rights as a scientific discoverer, and was not slow to 
support his claims, his dispute with Sir David Brewster for 
the honour of inventing the stereoscope, and the numerous 
pamphlets which were written in support of his claim to be 
regarded as the inventor of the electric telegraph, which 
are matters of history, are cases in point. 

As Wheatstone never paten his discovery, there 
could be no reason for withholding its publication. It so 
happens he was President of the Mathematical Section of 
the British iati ti of 1866, when it is 
customary for the presidents of the sections to report the 
pane which has ~_ made during the interval elapsing 

tween the meetings in the respective departments over 
which they preside. 

The meeting referred to was held during the last week 
of August, 1866, and we may fairly assume had the 

very been completed at this period, Wheatstone would 
not have let slip so favourable an opportunity as his own 
yaar Bo sentieneg > Ings cemented 5; ox bed 8 

completed a few weeks , there would have 
been time to have brought it before the Royal Society 
before the end of the same year. Further, we must 
remember was a central figure am the 





omen of hi inte 
most eminent men of his day, and it may fairly be inferred, | she took 72 tons 





as the discovery was not kept back for the purpose of 
obtaining legal protection, it would soon have com- 
municated to some of his scientific friends. I, therefore, 
think I may fairly claim that primd facie evidence is 
decidedly in favour of my being the first. 

I do not think much importance can be attached to the 
— that —' aoe was the pow to publish the 
very, as m. was deposi nearly a 
month before ; this so-called publication must, moreover, 
be taken in a very qualified sense, as business men are not 
in the habit of invalidating their patent rights by publishing 
their invention before provisional protection in been 
obtained, or at the least applied for, and sixteen days elapsed 
between the time it is stated to have been published and 

the application for provisional protection. 
Tan, Sir, og truly, 


‘ RED VARLEY. 
Hatfield, Herts, December 4, 1877. 
THE FAIRLIE ENGINE. 


To THe EpiTor oF ENGINEERING. 
S1r,—Herewith I beg to hand you the letter from Mr. 
ee relative to the Fairlie engines in Mexico for pub- 
cation. 





Yours faithfully, 
R. F. Farrure, 
London, December 3, 1877. ° 
36, Woburn-place, March 23, 1875. 


R. F. Fairlie, Esq., Westminster. 

Dear Sir,—Having seen a letter in the Railroad Gazette 
of January 2, 1875, from Mr. W. W. Evans, of New York, 
in which he refers to me as “‘ The late Mr. Parker, late 
locomotive superintendent of the Mexican Railway;” and 
to the performance of the Fairlie engines both on that line 
and in Peru versus American engines : 

I to inform you that I am still living, and as I have 
never before written a line for publication to you or any 
one else respecting the performance of yours or American 
engines on the Mexican Railway, I now feel called upon to 
give you a short statement of some trials I made in the 
summer and autumn of last year, which you are at liberty 
to make use of in any way you please. 

My object in these trials was not so much to compare 
the two classes of engines, but to satisfy myself of the 
suitability of the American engines for working the 
Cumbres, should the necessity arise at any time for em- 
ploying them on this section of the line. 

m an experience of over twenty-five years in railway 
management as locomotive foreman and superintendent in 
several parts of the world, I have no hesitation in saying 
that for mountain lines wherever situated, such as the 
Cumbres (betwean Vera Cruz and Mexico) or any other 
mx | _ and curved railway, there is no engine built, 
— have any knowledge of, so suitable as the Fairlie 


class. 

On the Mexican Railway there are various classes and 
sizes of American engines from 10-in. cylinders up to the 
** Consolidation’ engines, which have cylinders 20 in. in 
diameter and 24 in. stroke, ten wheels—eight of which are 
coupled—a total wheel base of 21 ft. 10 in., and a fixed 


aa base of 9 ft. 10in., weighing without tender 48 tons, 
besides other engines of French, ian, and a make, 
including seven 15-in. and ten 16-in. cylinder Fairlie 


es. 

W hen our two ‘‘ Consolidation’’ engines had been running 
three weeks between Orizaba and Vera Cruz, I tried one 
(No. 38) empty on the Cumbres section, and was surprised 
to find her go round curves of 325 ft. radius and safely 
over reverse curves (at a slow s ) without any straight 
between the curves, where the drop of one inside rail was to 
the other 5 in. in 22 ft. 

On the 7th of January, 1874, I tried her with a train of 
four American wagons, containing 42 tons of goods. We 
started from Orizaba at 12.28 p.m., and arrived at Boca 
del Monte, 25} miles, at 5.18, being 4 hours 50 minutes. 
She = eleven times for steam, pine wood being the 
fuel used. 

On the 25th of the same month I tried her again with 
mixed fuel (coal and wood), as much of the former as kept 
the steam at an average pressure of 1181b. (the highest 
being 143 Ib.), when she took an additional wagon loaded 
with 10 tons, making 52 tons. Although the weather was 
— she slipped a considerable portion of the way, and 
we to use sand on the dry rails, and when we arrived 
within three miles of the top of the-mountain, being then 
nearly 8000 ft. high, we were enveloped in a cloud of mist 
which damped the rails and caused the engine to slip so 
much that the train came to a stand in spite of all the sand 
we could use. 

More water was consumed on this journey than was 
anticipated, and not having taken more in the tender than 
we thought would have been sufficient to take her to the 
top (on purpose to save the weight), we had to unhook the 
train and run on to Boca del Monte for water, sanding 
the rails both going and returning, which enabled us, when 
starting with the train, to reach the top in 4 hours 
25 minutes, exclusive of the time going for water. 

Had the rails been wet the whole way—which is the case 
for more than four months of each year—we could not have 
made the journey in less than eight hours. 

There are several points about the American engines 
which are very good and convenient for the men worki 
them, besides cheapening the manufacture and their 

eral working. ost of the working bearings are 

larger than is usual with English engines, and the springs 

compensa beams are well adapted for carrying 
these engines safely over rough roads. 

A few days after the trials referred to above, I tried one 
of the 15 in. cylinder Fairlie engines which are running 
regularly, but with wood as the general fuel, giving her as 
much coal as would keep the steam at an average of 120 Ib. ; 
of goods in seven American wagons in 
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8 hours 35 minutes, being 25 minutes less than the table 
time and 50 minutes less than the time occupied by the 
‘* Consolidation’’ engine travelling the same distance. 
When I had the 16 in. cylinder Fairlie’s running four 
months afterwards I tried one of that class, using as much 
coal as would keep the steam at an average of 130 lb. and 
she took a train of eight American wagons with 84 tons of 
goods from Orizaba to Boca del Monte in four hours, and 
could have taken 100 tons if it had been placed on the same 


ns. 

‘These engines can do similar work from one year’s end to 
the other irrespective of weather or wet or ils. 
each of these trials the weight of s was taken from 
the bills of lading, and the best performance got from each 
engine possible. 

Wood being cheap and coal dear we consumed but little 
of the latter, and during the rainy season the wood was not 
only wet but often green, which rendered it very difficult 
to make sufficient steam and work the traffic punctually 
during those seasons. 

With regard to the general management of the Fairlie 
engines, since they have double tor handles and the 
improved steam pipes, I experienced no more difficulty than 
with the ordinary engines, and as to the difficulty of getti 
them on the line when off from any cause, I experien 
even less than with the ordinary engines, for in some cases 
when the engine is only partially off the one engine can 
pull the other on by simply placing packing for the wheels 
to mount the rails. I have seen four wh of an engine 
off the line got on in ten minutes by this means, and have 
never had any injured by getting off. 

I notice Mr. Evans in his letter refers to some informa- 
tion or data I gave him when in America respecting the 
flange cutting of the Fairlie engines, and says if any one 
can show him a like disastrous flange cutting to that on 
any American engine he would like to see it. I could 
have shown him a worse specimen if he had asked me for 
it from the wheels of the ‘‘ Consolidation’’ engine, which I 
tried on the Cumbres, and which had only run 12,082 miles 
on what may be, in comparison to the Cumbres, called a 
straight portion of the line. 

A similar engine which had never been on the Cumbres, 
only ran 100 miles more when the flanges were equally as 
bad, and could not run safely any longer. Had these engines 
been working on the Cumbres, where the rails are steel, 
they would not have made 500 miles before they were cut 
worse than the Fairlie’s were, with 9000 miles run, or had 
the Fairlie engines only worked on the same portion of the 
line as the ‘‘ Consolidation’ they would certainly run 
double the distance with less flange cutting than the 
American engines. 

The first time the ‘‘ Consolidation’ went up the Cumbres 
I noticed the wear of the flanges was very perceptible, and 
as seven-eighths of this portion of the line consists of sharp 
curves, it has no more respect for American than English 
engines. The rigid wheel base being greater in the American 
than the Fairlie, the flanges are destroyed in proportion. 

My reason for showing Mr. Evans the wear of tyres 
was with the view of convincing him that even a Fairlie 
engine with only 8 ft. 6 in. wheel base could not work on 
such a line without great wear and cost. 

With regard to the note at the bottom of Mr. Evans’s 
letter respecting the cost of working, I told him that any 
monthly statement would be no criterion as to the true 
cost per mile. For instance, if an engine only ran 100 
miles in a month, and had extensive repairs during that 
period, the whole cost of such repairs would be charged to 
that month’s mileage, the amount per mile would therefore 
appear enormous for that particular engine, or if the month 
when the ‘‘ Consolidation’ engines were under repair were 
taken, the figures would be equally unfair and incorrect. 

The cost of working one class of engines cannot be seen 
by reference to a single monthly statement, and notonly so, 
but the nature of the work which one class of engines . per- 
forms over another is so very different that no fair com- 
parison could be made without each engine was. worked on 
the same portion of line and under similar cireumstances. 
For instance, firewood on one part of the line costs 5 dols. 
a cord and at another 24 dols. 

I am, dear Sir, yours truly, 
H. PARKER. 


THE SOURCE OF THE POWER OF THE 
TIDE MILL. 
To THE EpiTroR oF ENGINEERING. 

Srtr,—Under the above heading, and under the signa- 
ture ‘‘ Z. H. K.,”’ a singular letter appeared in your issue 
of November 30, animadverting in violent terms upon 
the views expressed by myself in my letter upon the same 
subject which appeared in ENGINEERING of November 23. 

I must confess my entire inability to comprehend the 
letter of “‘Z. H. K.,’’ and as I do not intend to enter upon 
any controversy with the writer, I would leave it to those of 
your readers whe take sufficient interest in the subject, to 
judge whether there is in his letter the slightest approach 
to any logical argument tending to refute the views I have 
expressed. 








Iam, Sir, your obedient servant, 
Grorce H. Purpps. 
London, December 3, 1877. 








THE INSTITUTION OF CIVIL ENGINEERS 
To THE Epiror or ENGINEERING, ] 

Str,—In virtue of ro position you are probably able 

0 appraise correctly the extent and nature of the disaffec- 
tion <a in the ranks of the Institution of Civil En- 
gineers, and Iam glad, therefore, that you have reverted to 
the subject. It cannot be doubted that the Council have 


Fyre with studied —— the —— arrived at by 
immense majority of the mem at the last ial 
meeting, and have held on to their original scheme, though 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


to traverse the popular will is going on in a neighbouring inesd 
soummeogmiape npchet will be the Galea th Instance, ie. Cuntand Ine Bekker tomeine Mae 
or 2: mt an un ~~ ° 

the President of the French Republic, will have to | jit, average attendan Nghe, Middlesbrough. 


masters had held a meeting at Middlesbrough on the 
ipheMbe cctizn tho crotch cnstaseen ies eeheee, 
ion the market qu were unc 

makers ton for No. 3 Cleveland pig, ‘and 


than 7 
learn that they rule only so lo an Cag Sapally ve oe 
to the legitimate aspiration of majority. At pr i 



















is presented with a nimbus by the earlier asking 41s 
to be worn at the Council table, and to render merchants offeri ‘i teae quality at rather all ng 
In | superior to the body of the non-elect. It a makin ore ined to adhere to the rule they have 


that the claims.of these be-nimbussed gentlemen are 
tacitly admitted by a considerable body of the members, for 
it - _ See mney to hear B on that os 
action of the Council is very illogical and unjust, 

it should not be actively resented because it woul 
hardly ro Bp to run counter to the wishes of the 


ablished, viz., to meet every Monday and decide what 
their prices shall be for the week. Although their stocks 
are increasing, they are resolved to maintain the quotations, 
and rather than dispose of their produce at less than the 
it prices they will blow out some of their furnaces. 

tis their intention to hold a meeting at Middlesbrough 


This kind of argument naturally provokes the retort: xt M ider th ; 
‘* Who are the Council that they should be so much W = onday to consider the propriety of blowing out 10 
and better than the rest of their kind?” And ne Tee blast Turnaees in that district. 


The Cleveland Ironmasters’ Association Returns. —-The 
returns of this association, showing the make and disposal 
aa weed of _ i, io oy, — ity nothing, = of rig iron for the month, were issued on Tuesday. 

y tae same rule, the proprietor oO Daily Telegrap The Finished Iron Trade.—It is much to be 
would take precedence of his political chief Lord Beacons- | guat depression still prevails throughout the North, 
field. To base a safe claim to Co and aa and that a large number of ironworkers are out of em- 
uncil m ve | ployment. Owing to the condition of this branch of industry, 


Westminster reputation, a member of 
not simply done a lot of work, but have done it better | it is feared that early next year a general reduction of wages 
will be proposed. 


poco: aprons Na Be Peg Ene ac ye 
eek, ee Cation oeaimaee ¢ a | Engineers and Shipbuilders —There is still fair amount 
of work in hand on the northern rivers. 


French or German engineer that sucha man had made a 
thousand miles of railway, and such another a thousand 
acres of docks, unless it could also be pointed out that| The Coal and Coke Trades.—Very little is doing in the 
fuel trade. Prices are low, some collieries are working 
, and others are entirely idle. Efforts are being 


special difficulties had been encountered and overcome in a 

special way. Unfortunately, we cannot poi 
made to arrange the question of miners’ wages in Northum- 
berland, and it is earnestly hoped that a stoppage of work 
will be averted. 


Canal, a Mont Cenis Tunnel, or even a Giffard’s r 
as the contribution of a member of the Council, i 
more unfortunately—because good intentions and not 

FAIRFIELD AssocraTIon.—This association held its third 
meral —— Friday evening, the President, Mr. W. 
. Ogilvie in the chair, when a paper on ‘‘ Corn-Grinding 


ability and opportunity were alone in question—we cannot 
point to any serious attempt on the part of the Council of 
or 

Machinery” was read b; r Mr. G. A. Newall, Newcastle-on- 

Tyne. atten’ to the properties of the obey 


the Institution to advance the science of 
showed how these pro 


to extend the boundaries of the field of know! ¥ 
grain, Mr. Ni portion 
tment in the mill, and enumerated the various processes 
ufacture 


of the millions of public money which have 
— of the members of the Council, not an ap 
ion has been devoted to scientific purposes. 
eternal disgrace of the Institution it has been 
in the man of flour. He then proceeded to describe 
, making —_ reference to the 
porcelain roller mill, to the disc and.roller mill 
of Santo Pini, and to the ball mill recently introduced by 


. The last named, eg is of a & ol 
ction, seems specially — ‘or beans an ian 
corn, and in wheat milling for first process of cracking 
and opening the grain, and turns out as much as 120 bushels 
r hour. Mr. Newall referred to the slow progress of 
improvement in mill machinery in this country, and 
remarked that foreign competition now demanded renewed 
attention to the subject. paper was a very interesting 
one, and gave rise to a lengthened discussion. 


have made more money than the 





ef 


He 
et 


relatively small and impecunious body the 
versity College to take the initiative in establishing 


laboratory for investigating the properties of materials 


testing the efficiency Of machines, e ting on the 
action of heat in producing the pedi, syomees-m to which it 
is applied by the engineer, and generally for sw 

the confessedly incomplete data at t available in 
almost every branch of engineering. I contend, therefore, 
that with a few notable exceptions, the Council of the In- 
stitution have by their sins of omission no less than com- 
mission, forfeited any claim to divine rights, and that they 
should judged solely upon their merits as i 
mortals elected to administrate according to the will of the 


a! 











majority. 
Your obedient servant, Lonpon AssocrATION oF FoREMEN ENGINEERS AND 
Nestor. | Dravaursman.—At the monthly sitting of the 1st inst., 
after the election of Mr. Herbert as an i member, 
and a statement by Mr. Newton (the Chairman) as to the 


THE ECCLES JUNCTION COLLISION. 
Rea bape steess to a coon 4 bry “a on ba —_ collision c 
which occu on Uc r 3, at Eccles Jun on, Discov “ . 
General Hutchinson makes the following remarks Hime Fee.” Tie welter constiored that sloiging 
“This collision, unfortunately a manval exertion was absurdly futile, and described—wi 
sequences, was due, in the first ) eee to the driver of | the aid of diagrams and drawings—a boat-sledge which 


very great rity of the Newcastle Foremen’s Associa- 
tion, Mr. D. Cartmel hief engineer of i 


; 


the fast passenger train from Liv to Manchester | he had contrived, and which should be worked forward by 
overrunning the Eccles Junction up home signal, which | means of a steam engine propelling wheels of a peculiar 
was at danger against him, and brit his into | construction, or worked onwards by the agency of anchors 
collision on the junction crossing with the tender of an placed in advance of the sledge. Mack ingenuity was 
engine with a van attached to it p ing to the branch. | gyinced in the details of this contrivance, and Mr. 
There is no doubt that, so far as the action of the | Gartmel’s mapertonsas with the Nares expedition enabled 


Eccles Junction signalman, the junction up distant signal 
lever was in the position of d 1, or otherwise, owing to 
the interlocking, the points could not have been lying and 
the signals off for the engine and van to proceed to the 
branch, as they undoubtedly were. On consideration of 
the evidence it may, I think, be assumed that the weight 
of this si , as is sometimes the case with i 
had failed to fall when the lever in the junction cabin had 
hae ae | pee > ghey ane of the previous train at 

.31, and that the light comsagantly sppeares mae” 
when the Patricroft signalman pulled over the up or a 
signal lever for the fast train. collision c 
have occurred had the ‘ Be ready’ signal for the fast train 
been sent by the Patricroft signalman, or, if sent, been | aspirant with whom he might have to deal should bave a 
attended to by the junction signalman. The co elementary education. He should desire that, in addition 
would also have been prevented under a better system of | to reading, writing, and arithmetic, he should have had 
junction block telegraph working, that is to say, hye reed such a trai as would awaken his intelligence. He 
train should not have been taken ‘On line’ from ought also to have an elementary knowl of physical 
croft when the points were set and the signals lowered for | science, drawing, and the nonioige of at least one more 
the train to cross the very line on which the fast train was than his own. The Professor deprecated too 
approaching. The collision would also have ver y astrain on the youthful intellect, and added that 
been avoided had the fast train b-en s iy & Eolivene the age of thirteen and the adult age was the 
amount of brake power under the driver's control. riod when the danger of going wrong was the greatest. 
was, he liad control of brakes on only two ont of the seven | The present condition of education, &c., afforded a very large 
M ae } soeening the nie. conta dae nucleus out of which a sntisfacto eystem of technical 

rakes e whole, or even e five f i ight develop itself. ere shou some 
would have been so much more reduced as to have a ion 

ve 


: - , machinery by which rare men of genius could be utilised 
likely given the engine and van time to have crossed the | for the Tole benefit, and the only way to do that was to 
branch before the fast train had | the crossing. | give the means of loping the faculties so sessed. 
Again, therefore, I think the public safety will not ha .H remarked further, that he should like to see 
been sufficiently provided for until these fast trains somethi the way of an intellectual ladder by which a 
supplied with far more ample brake power than the one 


n might climb from the gutter to as high a position as 
uestion. I would strongly recommend that a separate could reach. H eulogisel present atte on the 
distant signal be provided for the main line at Eccles i ~ 


the 
. ; } art of the great Live panies of the City of London 
Junction. This dispense with much hand si S foster technical pr roe and beioves ® that a most 


him to describe, and to pre means for overcoming all 
the ical difficulties in the way of steam sledging. In 
the di which followed, Mr. Newton expressed his 
8 conviction that to the engineer would be 

due the honour and glory of re&ching the North Pole. 


TECHNICAL EpucATION.—Professor Huxley delivered, 
last week, the second of a course of lectures in connexion 
with the Working Men’s Club and Institute Union. In the 
course of the lecture he remarked that the technical educa- 
tion, now so much talked about, meant the training which 


befitted those who —— handicrafts—it was the teaching 
of handicrafts. He should like in the first place, that the 
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and not be so lisble to get out of order as the present 








effective result might be attained in the 
slotted signal.” —— 
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VERTICAL ENGINE WITH’ REVERSING GEAR. 
CONSTRUCTED BY MR. F. W. TURNER, ENGINEER, ST, ALBANS. 
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In July last, in the course of our account of the Royal 
Agricultural Society’s meeting at Liverpool, we noticed 
briefly a new type of engine exhibited on that occasion 
by the patentee, Mr. F. W. Turner, of St. Albans, and we 
promised further particulars. In fulfilment of this promise 
We now give engravings of one of Mr. Turner’s engines 









ee 


























with a pair of cylinders and fitted with rev 
bited 


the engine ted being one which will be 
at har Smithfield Show next kts ee Phase 
ferring to our engravings it wi seen eac 
cylinder contains a trunk piston, the ennular e 
around the trunk being constantly filled with steam 





the boiler when the engine is running. Fitted to each 
piston and sliding on suitable faces are a pair of slide 
valves as shown in Figs, 1, 2, and 4, these 
valves being driven by horns or projections on a valve ~ 
rod, as shown in Fig. 2. The lower end of this valve 
rod embraces an eccentric turned on the crank-pin, and 
‘the motion of the slide valves relatively to the piston is 
compounded of the motion due to the direct action of 
this eccentric, and that due to the oscillation of the valve 
rod as its lower end is carried round by the ,crank-pin. 
This latter motion alone would give the necessary move- 
ment to the valves if the latter were without lap or lead, 
while the eccentric on’ the crank pin gives the advance 
which this lap and lead necessitates, It may be noticed 
that to avoid any tendency to cant the valves, the horns 
on the valve rod take hold of the valves close to their 
working faces. 

In each piston are three passages marked respectively 
a bc in Figs. 2, 3, and 5, the openings of these passages 
at mths of the piston being covered by a reversing 
valve, which is shown detached by Figs.6 and7. Of the 
three passages, two, } and c, lead from the face on which 
the reversing valve works to the two slide valve faces, 
while the other passage a leads from the reversing valve 
face downwards, and then returns upwards and opens to 
the upper end of the cylinder, as shown in Fig. 8. The 
reversing valve is so formed, that according to its position 
either of the passages 6 and ¢ can be placed in communi- 
cation with a, and thus either slide valve can be made 
to admit the steam to the upper end of the cylinder. 
The direction of motion of the en; is thus determined 
by the slide valve used. In Fig. 2 the left-hand valve is 
shown in use, while the passage b from the righ 
valve is closed by the blank part of the reversing yv 

The action of the valves can be best traced out 
aid of 8, Figs 8, 9, and 10, which show one of 
pistons in three namely, at the top, middle, 
and bottom of its stroke respectively. Thus, in Fig. 8, 
it will be seen that steam is being admitted to the top of 
the cylinder by the left-hand valve, in Fig. 9 the admission 
in . 10 the exhaust has com- 
menced, and the steam is released through the 
left-hand valve into the trunk, down which it to 
the chamber my the Ktoypr o A vase A 
reversing valve, passage 0; t- valve 
would be placed in communication with the top of the 
cylinder, and the engine would run in the te 
direction. Of course it will be understood that during 
the up-stroke the piston is driven by the constant steam 
pressure in the annular area of its underside, while during 
the down stroke the effective pressure is that on the 
difference between the upper and under areas of the 


piston. 
Each reversing valve is provided with a square spindle, 
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which slides to and fro in the sleeve shown as ing 
through the stuffing-box at the top of the cylinder. By 


turning this sleeve the valve is rotated and the engine 
reversed, but it will be noticed that, except during the 
act of reversing, there is no pressure against the faces of 
the spindle, and hence no inducement for wear. 
Altogether the valve arrangements of Mr. Turner’s 
engine are very good. The slide valves drain the top of 
the cylinder, while, as they are driven from their under- 
2 stuffing-boxes are required. The port space also 


When the lower ends of the valve rods and connecting 
rods have been uncoupled through the door provided for 
the purpose, the whole of the working gear can be drawn 
out through the cylinders, while the main bearings can 
be taken out by removing the glands at the ends of the 
casing. The crankshaft and working parts are of steel, 
while the various bearings are of large area, and are 
adjustable. It may be noted that the pin in the piston, 
taken hold of by the connecting rod, is situated just 
opposite the exhaust passages, and it is thus lubricated 
by the exhaust steam. 

A five-horse engine of the type we have been describ- 
ing weighs only 5 cwt., and it forms a compact little 
motor, handy for many purposes, Of course when a fly- 
wheel is used, but a single cylinder is necessary, while 
some of Mr. Turner's engines are fitted with governors 
acting on an equilibrium valve. For larger powers Mr. 
Turner also arranges his engines to work compound, a 
cut-off valve being provided, and the steam which during 


the upward stroke is admitted below the piston, being.) g 


allowed to expand during the downward stroke and acts 
on the enlarged area of the upper side of the piston. It 
is very probable that we may on a future occasion illus- 
trate one of Mr, Turner’s larger engines, when we shall 
have more to say of this arrangement. 


TANK LOCOMOTIVE. 

We give this week a two-page engraving containing 
a longitudinal section and sectional plan of a new type of 
tank locomotive constructed by Mr. Webb for the London 
and North-Western Railway. The engine is one the 
design of which comprises many special features, but 
we prefer to postpone our description until we publish 
further sections and detail views, which we shall do in 
an early number. 


NOTES FROM THE NORTH. 
Guasaow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday’s pig iron 
warrant market was again strong, the evident deter- 
mination of the Cleveland ironmasters to maintain the 
advance of the previous week having imparted a better 
tone. In the m business was done at 52s. 3d. cash, 
52s. 6d. ten days, 52s. 6d. to 52s. 7d. one month, the 
market closing with sellers at 52s. 4d. cash, and 52s. 7d. 
one month, buyers 1d. per ton less. Buyers were shy in 
the afternoon, and the only transaction reported was one 
at 52s. 6d. one month. The market closed—sellers 52s. 3d. 
cash and 52s. 6d. one month, buyers near. On the follow- 
ing forenoon the pig iron market was steady, and business 
was done in warrants at 52s. 3d. cash, 52s. 4d. one week, 
and from 52e, 5d. to 52. 64d. one month—the market 
closing with bayers at 52s. 3d. cash, and 52s. 6d. one 
month, sellers asking a shade higher. The afternoon 
market was steady, and there were buyers at 52s. 3d. cash, 
with sellers over, and the week closing with an advance of 
4d. ton over a of the previous Friday. Mon- 
» at wee Op advance, but 
towards the close sellers were inclining to yield a little. 
Business was done in the morning at 52s. 4d. cash and 
52s. 6)d. one month, and the market closed with sellers 
at those prices, buyers near. The afternoon market 
started at 52s. 4d. cash, but subsequently 52s. 3jd. was 
offered and accepted, and the market closed—sellers 
52s. 4d., ers 52s. 3d. cash. Yesterday’s warrant market 
opened at Monday’s prices, but was less strong. There 
was a slight decline, which was af s partially re- 
covered. Business was done in the morning at 52s. 6}d. 
one month, but the market closed with sellers at 52. 4d. 
cash and 52s. 6d. one month, and buyers 1d. per ton less. 
In the afternoon quotations were 52s. 3jd. and 52s. 3d. 
cash, and the market closed with sellers asking 52s. 3d., 
and buyers offering 52s. 2}d. cash. A quiet business was 
done this morning at 52s. hd. and 52s. 3d. cash, the market 
ing with sellers at 52s. 3d. and buyers at 52s. 2d. cash. 
The afternoon market was steady, but no business was re- 
rted. There were sellers at 52s. 34. cash, bu offering 
ld ton less. On the whole it may be said that a pretty 
good basiness has been done sines last report, but buyers 
ve not shown much inclination to follow up the et. 
Several makers of ial brands have reduced their prices 
to the extent of 6d. or 1s. ton. Shipping iron has been 
quiet in demand, and the shipments continue to be small, 
with unf: comparcaone. $00, Sota for all Scotland 
last week being only 6125 tons as jeompared with 7880 tons 
in the ceveepnading Sem of last year. The remaining 
to the Heplision tron Campuny tnve ‘tow bewn pat oot of 
n Tron pany, have now out o 
blast. "Gon eatitional fereans has been blown jy at Dal. 
Iron Works, therefore making the total now in 

as against 116 at the same time 














unimportant, and 
tons. 


rant, vice-president, 


. Th 
se heen, lo: 


occupied the chair and delivered the opening address, which 
was chiefly devoted to a sketch of the history of the 
society since it was established, now nearly a century ago, 
toa notice of the Royal Society of London and to some 
reference to the influence of Lord Bacon, the august herald 
and prophet of modern science. At the close of his 
address, the chairman announced that the Council of the 
society had awarded the Macdonugall-Brisbane prize, con- 
sisting of a gold medal and 151. 14s. 7d., to Mr. Alexander 
Buchan, for his pa) on “The Diurnal Oscillations of 
the Barometer.”’ lessor Balfour reported that the 
membership of the society at present was 427, consisting 
of 373 ordinary and 54 honorary or non-resident Fellows. 
Of the honorary members, 19 were British, 34 foreign, 
and 1 non-resident. The deaths during the past year 
ineluded 3 honorary and 5 ordinary Fellows. Professor 
Piazzi Smith, Astronomer-Royal for Scotland, afterwards 
read a biographical notice of Urbain Jean Joseph Le Ver- 
rier, who Tied in September last at the age of 66, and who 
had for 30 years been an honorary member of the society. 
The report of the deputation to the University of Upsala 
was deferred till the next meeting. 

Royal 

RM. 


Scottish Society of Arts.—A meeting of the 
Scottish Society of Arts was held on Monday, Dr. 
Ferguson,'F.R.S.E., President of the society, in the chair. 
The first of two lectures was delivered by Dr. J. A. Russell, 
M.A., on “ Sanitary Requirements of Healthy Houses.”’ 
At the close of the lecture, Dr Stevenson Macadam, 
Councillor Gowans, Professor Fleeming Jenkin, and other 
gentlemen addressed the meeting, and generally expres: 
their satisfaction with the observations made by the lecturer. 


Shipbuilders in Scotland was held last night, Mr. William 
Whyte, vice-president, in the chair. @ silver medal 
annually awarded by the Council for the best paper read 
before the section by a graduate, was presented to Mr 
George Arnison, Jun., on account of his paper on “ The 
Strength of Iron Ships’’ read last session. Mr. Arnison 
made a suitable reply. Thereafter Mr. David Johnston, 
consulting engineer, made a communication to the section 
on an improved system of underground haulage in collieries, 
one by which it is possible to reduce the cost of haulage 
from 10d. or 1s. per ton to 2d. per ton. Mr. Johnston 
mentioned that the system in question was in use or being 
applied in one of the large collieries in the Hamilton dis- 
trict. A discussion took place on the subject, and a hearty 
vote of thanks was awarded to Mr. Johnston for his paper. 

Clyde Shipbuilding.—This branch of industry is now 
showing si of more animation than it has been cha- 
i for the past six months. The workmen in 
the upper parts of the river have all returned to their 
work where there was any for them, and there is now, con- 
sequently, a’ greater degree of activity in most of the 
yards. During last month twenty vessels were launched, 
of an aggregate of about 21,000 tons, as against 20,000 tons 
in November, 1874, and 23,000 tons in the same month of 
1873. A number of specifications for new vessels are at 
present in hand. 


H.M.S. Nelson.—This twin-screw armour-clad corvette 
was handed over to the Admiralty representative to-day 
by her builders, Messrs. John Elder and Co. Ina fort- 
night or so she will be taken round to Chatham to receive 
her masts, rigging, guns, &c. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
An Alleged Trades Union Outrage.—On Saturday night 
a man named Kelley, who was seeking employment as an 
ironworker at Allercliffe, was set upon and beaten very 
badly by a number of men who are said to have attacked 
him in the belief that he was one of the ‘‘ black sheep”’ 
come to take the place of the men on strike at Cooke and 
Co.’s. The man’s leg was broken, amongst other injuries. 


Serious Occurrence at the Oaks Colliery.—About eight 
o’clock on Friday morning last a serious outburst of gas 
took place in the dip workings of the south side of the 
Oaks Colliery, near rnsley, the property of Charles 
Cammell and Co., Sheffield. There were 300 men in the 
pit at the time, but‘all fortunately escaped, albeit much 
excitement existed. The pit is worked with safety lamps 
and is under very strict supervision. A similar outburst 
took place a short time ago, and it will be remembered that 
- 1866 an explosion took place whereby 380 lives were 
ost. 
¥ Local Government Inquiry at Rotherham.—On Friday 
last an inquiry on be! ef the Local Government Board 
was held at Rotherham by Lieutenant-Colonel Ponsonby 
Cox with respect to the borrowing of 40001. for the purchase 
of land for sanitary purposes. It was shown that the rate- 
able value of the borough was 100,000/., and that the 
amount due on account of sanitary work was 20,416/. 
There are 34 miles of streets in the borough. 

Reduction in the Price of Gas.—The Whittington Gas 
yng d (Limited) has lowered the price of gas from 5s. 
to 4s. 6d. per 1000 ft. 
= Economic Use of Fuel.—,Messrs. Woodward and Co., of 
Leeds, have invented and patented a new coal economiser, 
which must be fixed at an angle of 45 d to the grate, 
and is claimed to effect a saving in fuel of 30 to 40 per cent. 

Water Supply af Doncaster.—At last week’s meeting 
of the Doncaster Town Council it was 


a 





h by Mr. Hawksley and Rawlinson. 
The extra money required was due to the extraordinary 


| is composed of their workpeople. 


. | the town at a cost of 





cost of sinking for a firm foundation for the puddle trench 
and the additional amounts paid for the valuations. It 
was agreed to push on with the work as soon as possible. 


The Water Supply of Chapeltown.—The Sheffield 
Water Company is sbout to supply, the township of Chapel- 
town with water which wi deliv into a covered 
tank to hold 140,000 gallons at Potter’s Hill, ata charge of 
74d. per 1000 gallons. It will then be distributed by the 
local authorities. 





NOTES FROM THE SOUTH-WEST. 
Penarth Dock Extension.—A meeting was held at the 
chief offices of the Taff Vale Railway Company, Cardiff, 


had | on mee f when the Penarth Dock extension scheme was 


consid the directors of the Taff Vale Railway and 
Penarth companies, acting jointly. It was decided, 
on behalf of both companies to take the necessary measures 
for promoting the scheme in question with all possible 
despatch. 

Newport Tramways.—The Newport Tramways Com- 
pany has begun to extend its tramways to the point which 

as been sanctioned by the Trede Company. 
| ga thing will be to go as as the Alexandra 

OCK. 


_ The Telephone in Mines.—A telephone is about to be 
introduced at Cyfarthfa in.connexion with the collieries. 


The Forest of Dean.—A letter has been received from 


sed | the office of Woods and Forests acknowledging a memorial 


recently adopted, praying that the Crown might take the 


Pray , : : initiative in ing and improving roads with a view of 
Institution of Engineers.—An ordinary meeting of the | ¢_3:, g P g av 

, F Serr ; g employment for persons who are suffering in con- 

raduates’ Seetion of the Institution of Engineers and sequence of the stoppage of works in the Forest of Dean. 


The Department desires to known what the mineowners 
and ironmasters propose to do to assist in relieving the 
distressed labouring population, nearly the whole of which 
The Rev. E. Machen, 
of Eastbach Court, to whom the letter was written, has 
replied that he does not know that they would be unwilling 
to assist in any well-organised scheme for the improvement 
of the Forest roads, but that it was strongly feltand expressed 
at a recent meeting that the Crown, as owners of the soil, 
must take the initiative in any such scheme. With reference 
to the remark that nearly the whole of the distressed popula- 
tion was composed of the ironmasters’ workmen, Mr. 
Machen reminds the Department that it was a question 
whether for the last two years “the Crown has not been 
= samy, party deriving profit from mineral property in this 


Mountain Ash.—The notices having expired on Frida 
at the Cwmpennar Collieries, the property of the Powell- 
Dnuffryn Company, the men were informed that the upper 
pit will be closed, and thatthe lower colliery will only be 
partially open. It is estimated, however, that as the 
quantity of coal to be raised from the latter colliery will 
=—7 average from 60 tons to 100 tons per day, the great 
bulk of the employés will be disc . Some 80 men 
were paid off on Saturday at the Abercwmboi Colliery, 
the property of Messrs. Davis and,\Sons ; and on Saturday 
notices were posted at Messrs. Nixon’s collieries intimating 
that all contracts will cease at the end of the month. 

LIydney.—The tin-plate mills at Lydney ‘are running 
with regularity, and the prospects of trade are encouraging. 
The general trade at the docks is looking brighter, a 
circumstance borne out by the increased traffic on the 
Severn and Wye Railway. 

Princetown. — The Great Western Railway directors 
have agreed to provide 28,0001. towards the construction 
of a line to Princetown. 


The Severn Bridge.—Notwithstanding the stormy cha- 
racter of the weather during the past month there has been 
but little check in the progress of the Severn Bridge 
Works and Railway. Mr. Earl, the local manager for the 
former, is instructed to make all possible progress. 





FRASERBURGH SEWERAGE WorKs.—On the 29th ult. 
the Police Commissioners of Fraserburgh, a town .in the 
north-east coast of Aberdeenshire, met and inspected the 
main drainage works, which have just been completed at a 
cost of 4000/., and had the satisfaction of finding them in 
excellent working order. The population of Fraserburgh 
is normally about 5000, but increases to about 12,000 
during the two months of the herring fishing, owing to the 
influx from the west coast of persons engaged in this im- 
portant industry, of which this town is the principal seat 
in this country, and upon which it almost solely depends. 
The sewerage works consist of a system of fireclay pipes of 
from 9 in. to 18 in. in diameter, laid at an average depth of 
8 ft. along all the streets, and with which the houses, 
yards, &c., are, or will be, conn » as well as surface 
channels. The contents of the pipe system are intercepted 
and conveyed by means of a brick culvert 3ft. by 2 ft., 
which runs along the low part of the town near the 
harbours, and discharges the sew by means of 27-in. 
iron pipes (with tide valve) into the sea near Kinnaird’s 
Head Lighthouse, a point of outfall which prevents the 
possibility of the lodgment of silt in the harbour which 
occurred in the limited system of drainage which existed 
formerly. The sewers on the whole have good ents, 
- means have been —s to nor gon ly coe —_ 

o tings placed at frequent. intervals in the cen 
of the streets. Th 


e ineer for these work was Mr. G. 

Gordon Jenkins, rm ng under whose supervision @ 
vitation water supply has recently been introduced into 
not 50001., and these improvements, 

which are not a heavy burden on the ratepayers, will have 


a beneficial effect jon the — ition of, and 
proves great convenience and boon to the inhabitants. 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 


Tue Institution of Civil Engineers was established 
to promote the welfare and development of the 
profession, and for the mutual advantage of the 
members following it. The founders of the Insti- 
tution, anxious to include within its limits all 
persons who might assist in furthering these ends, 
wisely added to the Institution an auxiliary class 
composed not of engineers, but interested more or 
less directly with engineering. 

When the Institution was incorporated by R 
Charter in 1828, this wise decision of the Duntees 
was confirmed, and by the established Constitution 
RO persons not actually engineers were eligible for 
admission into the class of Members, whilst equally 
no engineers eligible for admission into the In- 
— could be relegated to the class of Asso- 
ciates. 

The qualifications n for candidates to 
Membership were at that time clearly laid down in 
the bye-law referring to elections, ef these clauses 
of the bye-law which still remain unaltered are as 
follows : 

The Candidate ‘shall be more than twenty-five 
years of age, shall have been regularly educated as 
a Civil Engineer according to the usual routine of 
pupilage, and have had pega employment for 
at least five years in responsible situations as Resi- 





defined the Charter as constituting the pro- h to point out, that it would be impossible to 
fession of a Civil Engineer; or, He shall have | decide with justice what constitutes such eminence 
practised on his own account in the profession of | in the profession, as would justify the reception of 
a Civil Engineer for at least five years, and have | the er title, while any such on among the 
acquired a considerable degree of eminence in the | Members would be followed by internal difficulties 
same,” sufficient of themselves to endanger the Institution. 

The profession of the engineer in all its various | Such a proposition would, we feel sure, be received 
branches, developed to an extent unforeseen by the| with far more dissatisfaction than that for the crea- 
founders of the itution, and with a rapidity un-| tion of the Associate-Member class. 
paralleled in any other industry. This rapid de- 
velopment was of necessity attended by a vast 
increase in the number of the members of the pro- 
fession, and a large majority sought naturally to 
avail themselves of the benefits which the Institu- 
tion founded for them by their predecessors could 
confer, 

But with the growth of the Institution, the lead- 
ing provision of the Constitution was gradually neg- 
lected, and engineers, who if qualified for admission 
at all, should have been elected as Members, were 
placed in the Associate class, which was provided 
only for the benefit of non-professional men, 

Gradually also that clause of the bye-law referring 
to the election of Members was laid aside, and an 
unwritten law was recognised in Council, by which 
the candidate was judged, with more or less rigour. 
That such a law is in force is indicated by the last 
annual report of the Council, where it appears for 
the first time in print. In this report the Council 
state that the necessary qualification for Member- 
ship is that the candidate shall have had “ at least 
five years’ responsible professional charge of ade- 

uately important engineering works.” How entirely 
different this is from the spirit and letter of the bye- 
law, and how unjust to candidates, it is unne 
to point out. From this it appears, therefore, that 
the Constitution of the Institution has been in one 
of its most important points infringed. That this 
should have been permitted is a serious error on the 
part of the Councils through a series of years, and one 
that may be in the end attended with serious dam 
to the Institution. Indeed the danger is thoroughly 
appreciated by the Council themselves, who state 
in the last annual report: ‘‘ Hitherto it has been 
the practice to recommend such candidates for 
election as Associates ; hence it has come to that 
this class comprises more than two-thirds of the whole 
body—an undesirable result, and one that was cer- 
tain y not contemplated when the original regulations 
were framed, for in those tions Associates were 
described to be persons ‘who are not engineers by 
rofession,’ The Council adyise that in future the 
efinition of Associate should be so restricted, and 
that the class should no longer include persons 
ractising the profession, as defined in the Charter.” 
he result of this ro es has been, that persons 
pursuing the calling of an engineer, now form the 
majority of the Associate, or non-professional class 
of the Institution. 

It is also much to be regretted that the practice 
of the.Council has a confirmed without in an 
way giving notice to the members, of disregardin 
the clause of the bye-law relating to elections, an 
pec no nage ei to admit as Mem- 

ry number o eligible according to 
the Constitution to enter that ame ae 

For some years past the dangerous effects of this 
a sey practice must have been P mwremn o! 

fore the Council, who after long deliberation, 
pro last year the creation of a new and inter- 
mediate class to be called Associate-Members, and 
into which the engineer Associates were to have 
been drafted. Had this project succeeded, the 
mischievous consequences of neglecting the Charter 
would in one sense have been obviated, and the 
engineer Associates having been drafted into a new 

nondescript class, would have been left in even 
a worse position than they now occupy, while the 
honour associated with the title of Member would 
have been reserved to those fortunate enough to 
belong to that class. Happily for the credit and 
well-being of the Institution, the danger of this step 
was perceived in time, and at a — meeting 
called to consider the subject, the plan 
drawn by the Council themselves, who, 
through Mr. John Fowler, proposed a resolution to 
the effect that no occasion existed for the formation 
of a new class. This motion was unanimously carried. 

It is now, we believe, under the consideration’ of 

the Council to propose another measure, and to 
create for the benefit.of certain of the Members 
who have pr who are su 


den ineer, or otherwise, in some of the branches | plain that they need scarcely be dwelt upon. It is 
eno’ 
deci 






















































It is evident that certain well-defined changes 
must be made in the administration of the Institu- 
tion before the existing difficulties are removed, ‘and 
it is clear that these changes cannot lie in the direc- 
tion of creating new classes of a lower ora higher 


e. 

oT would appear that the most direct and surest 
way to remove the present difficulty is to return to 
the original intention of the founders of the Insti- 
tution, and to maintain strictly its Constitution 
which is so clearly and definitely established. On 
consideration it will be found that the altered con- 
ditions of the profession are in no way detrimental 
to the absolute observance of those laws. In fact, 
it is a restoration, not a revolution, that is essential, 
a maintenance of true conservatism, and not a 
further yielding to the innovations which have 
been allowed to take root and flourish. It would 
appear that the necessary changes now required may 
be summarised as follows : 

First. That elections shall in future be made 
according to the strict letter of the bye-law, and, 
therefore, in accordance with the Constitution. 

Second. That all present Associates eligible under 
that bye-law shall be transferred to the Member 
class, so that the long-continued neglect of the 
Charter may be as far as possible repaired. 

Third. That all future elections to the Associate 
class shall refer strictly to eminent persons asso- 
ciated with some branch of the engineering pro- 
fession, but not being engineers, “as defined by 
the Charter.” 

Any distinction of rank or class among members 
is not only unnece , but in every respect un- 
desirable, save as re the rank bestowed by the 
members themselves in electing certain of their body 
each year to become members of Council, ‘Such a 
rank is the only one that should be permitted or 
sought after in the Institution, and is the only one 
contemplated in the Charter or Bye-laws. 

Referring to this point the Charter says, it shall 
be lawful for Members to hold general meetings 
“ once in the year or oftener, for the purposes herein- 
after mentioned, viz., That the general meetings 
shall choose the President, Vice-Presidents, and 
other members of Council.” ‘The bye-law, Section V. 
states that ‘the President, Vice-Presidents, and 
Members and Assooiates of Council shall be elected 
annually.” The same section ones that prior to 
the annual election, the Council shall present to the 
Members a list of at least twenty-three Mem 
and at least six Associates eligible for election, an 
from this list the new Council shall be elected, the 
Members having the privilege of substituting any 
other name they may desire. Now these provisions 
clearly and definitely point out that it was the in- 
tention of the founders, and is a part of the Con- 
stitution, that these elections should promote an 
— pre acange er be Appieee table, hy that such 
ann’ ges le as might practical] 
insure an active vitality in the ‘Administration, The 
indifference or carelessness of Members has resulted 
in extremely ial changes of the Council, and 
the effects of neglect have been extremely un- 
desirable, as events have shown, and unjust to many 
Members of the Institution, who are thus excluded 
from arriving at the distinction they merit, and 
which it rests with the Members to confer on them, 

This fact therefore points to the following 
suggestion: At every annual election a certain 
number—one-third or one-half—of the Members 
of Council should be changed, a measure which 
would not prevent any popular and efficieni 
member from being voted to the Council table at 
frequent intervals. It is obvious that by this means 
a larger number of the members would thus in the 
course of time enjoy the only legitimate distinction 
the Institution can bestow—a distinction far greater 
than that of Fellow or Senior Member, assuming 
stich a title even to be sanctioned. 

Mibdorthesteade rad gous: § Ay change as this 
may not be warmly approved oi by members who 


pposed to have, achieved | have served long at the Council table, and approach 








eminence, a higher title, such as Fellow or Senior 
The dangers 


each year nearer to the Presidential Chair; but 
Member. of such a measure are 80 


doubtless each Member of Council has too truly the 
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interests of the Institution at heart to be at all in- 
fluenced motives. 

, etd Pett do well to remember that the 
annual elections are a ing, and to decide— 
for the matter lies wholly with them—what course 
they will t, whether they will sanction a con- 
tinuance of t neglect of their Charter 
and Constitution, or whether they will restore both 
to the position that should always have been main- 
tained Intact, and so remove the existing difficulty. 


TELEGRAPHY IN SCHOOLS. 

WE are informed that it is the intention of the 
London School Board to introduce telegraphy into 
the schools under their control. It seems that, after 
mature deliberation, the members of that body have 
arrived at the conclusion that telegraphy may be 
made a branch of education; and, under this delu- 
sion, they do not hesitate in adding to the long list 
of subjects that already burden the curriculum and 
hamper the efficiency of their schools. 

OF late years there has been much stir to introduce 
science, not in one, but in many of its Protean 
forms, into schools ; and studies such as chemistry, 
physiology, and geology, which were quite congenial 
to the lecture theatre of high schools and colleges, 
have been brought down to the humbler sphere of 
the elementary class-room. The useful and neces- 
sary had to be curtailed to make way for the 
fanciful and superfluous. Our lower classes were 
considered rude and benighted; it was presumed 
that a tincture of science would refine and elevate 
them. It does not appear to have occurred to those 
most earnest in the work of reform that in trying to 
educate with a vengeance they might not educate 
at all; and that in seeking to elevate, they might 
unfit people for the avocations in life. These con- 
siderations were perhaps too conservative; they 
had not a scientific ring in them, so they were 
overlooked or discarded. The new science subjects 
found their way into the class-room, and young lads 
were crammed with glacial periods, the action of 
chlorophyll, pseudo-heemal systems, and the like. 
A learned nomenclature indeed, but a meaningless 
jargon, a ridiculous parody in the mouth of children. 

y's schoolboy would be nowhere beside these 

— adepts in science ; he would be nonplussed 

the first with whom he might choose to try his 
ectic skill, 

If the old m must be modified and science 
subjects in uced, if we must witness the singular 
anomaly of eminent professors stooping to write 
science “primers,” and the crying absurdity of 
compelling children to get up every day a portion 
of these sapient texts to the neglect of their spelling- 
book, at least let the innovation be limited to 
those branches which are of fundamental importance, 
and which may be treated not only theoretically but 
chiefly experimentally. Pre-eminent among these 
are chemistry and physics. The short time at the 
disposal of the teacher will not allow a greater 
variety of these sujets d’agréments to be taken up with- 
out serious detrim: unt tothe more yoy ye 
which should almost exclusively fill u e time- 
table. An intelligent instructor will find himself 
severely tasked to give anything like a fair idea of 
these two branches to a class even of clever, hard- 
working — during a twelvemonth, nay, or three 
times a twelvemonth could he keep his class together 
for that space of time. If the London School 
are so anxious about kindling the love of science in 
tender minds, they have a better way of doing it 





them with a crude mass o! 


familiarise him imperfectly with certain instruments, 
batteries, &c. If, however, it be part and parcel 
of this novel scheme to introduce, in proper time, 
duplex and multiplex telegraph , cable-work, shunts, 
loop-tests, &c., and to finish off the education of the 
tyro-telegraphist with the telephone, in order to 
impress more vividly upon his plastic mind the 
uselessness of all previous training, then we would 
recall our former statement and admit that there is 
something educational in that m. 

Nor can the practical use to which such knowledge 
may be turned be alleged in favour of the adoption 
of the measure. Admitting the most favourable 
circumstances, few could become sufficiently pro- 
ficient to render their acquirements commercially use- 
ful to them; and even then would they be able to 
successfully compete with the carefully trained 
operators of the regular schools of telegraphy? It 
is difficult to think so. The practical utility then 
must go to the wall. 

A contemporary writing on this subject states that 
there will be no monopoly of the “ all-important 
work ;” its inestimable benefits will be extended to 
the national schools and leading colleges, and even 
to “every private school mm institution in the 
country.” ‘The principals of the national and public 
schools are earnestly invited to lose no time in 
aay the suggestions of the London School 
Board lest private institutions ‘‘ take the lead in 
extending this useful and most desirable branch of 
education.” Our contemporary proceeds to paint 
in warm colours the honour that will redound to the 
country by its taking the initiative in the matter, and 
has not the shadow of a doubt that our noble 
example will be emulated by other nations. It is 
difficult to realise that a technical paper should 
indulge in such day-dreams; and that a learned 
body, such as the London School Board is or ought 
to be, should give its sanction to a scheme so 
chimerical. It reminds one of the saying of the 
Roman philosopher: ‘‘ Nullum magnum ingenium sine 
mintura dementia fuit.” 








SELENIUM. 

‘* SELENIUM, its Electrical Qualities, and the Effect 
of Light thereon,” formed the subject of a very 
interesting eee brought under the notice of the 
Society of Telegraph Engineers, by Mr. Willoughby 
Smith, a member of the Council, on the occasion of 
its last meeting. The subject is one which has 
before met with some attention on the of Mr. 
Willoughby Smith, and his present inquiries are to 
be considered more in the light of a continuation of 
his former researches than as introductory of a new 
subject. Of selenium we have but little know- 
ledge. In 1817 Berzelius discovered a new and 
rare elementary substance, which he named selenium. 
It is obtained in small quantities from iron and 
copper pyrites, the smoke from the furnaces of 
silver works, the deposit in the leaden chambers 
employed at sulphuric acid works, and it has been 
found in the metallic copper of commerce. Of it 
there are two modifications—one soluble, the other 
insoluble, in bisulphide of carbon. The former has 
been termed ‘‘red selenium,” “ a selenium,” 
and “‘ glassy selenium.” That insoluble in bisulphide 
of carbon, “ black selenium,” “‘ granular selenium,” 
‘metallic selenium,” and “ c ine selenium,” 
Solid amorphous selenium is a bad conductor of heat, 
and a non-conductor of electricity. At the ordinary 
temperature it remains unchanged for years. It is 


f | brittle, easily scratched, and powdered; its surface of 


than by cramming 

oa biology, and the like ; let them supply their | a red-brown, a a metallic lustre, and its 
schools with furniture such as may be seen in any | fracture has a seun-giate colour, dark lead-grey, 
institution of similar grade in the United States ; | and shining. 


let them provide their teachers with the instruments 
and appliances necessary to give an interesting course 
of inorganic chemistry, or some one branch of ex- 
perimental physics, say, electricity. That may 
repay the time taken up, and the pecuniary outlay ; 
the other uncongenial subjects neve: will. 

As to telegraphy, one would have thought that 
the last of the novelties to be brought down into a 
class-room, One is puzzled to guess what motives 
actuated the patres conscripti when they passed such 
a motion. A good course of electricity, statical and 

ical, may be a means of education; but how can 

is be affirmed of ae tg ? A good deal of 
key-thumping will quicken the vaiity of the fingers, 
but will it evolve any of the faculties of the mind? 
Surely the originators of the scheme never thought 
of carrying the study to any great extent; just 
enough, we fancy, to enable-the boy operator to 
obtain a know useless in after life, and to 





Solid “ oer selenium is a conductor of 
electricity. It hasa ular lead-grey surface, and 
a finely granular dull fracture. e change from 
the “amorphous,” to the ‘‘crystalline” state is 
effected by exposure to a high temperature. 

Some seventeen bars of crystalline selenium 
required by Mr. Smith for high resistances afforded 
him the opportunity of instituting and prosecuting 
those researches into its electrical qualities in con- 
nexion with light which he has brought under our 
notice. The bars were placed in a wooden box, 
13} in. long, 6 in. wide, and 1 in. deep, havin 
vulcanite sides and a wooden cover. Through 
side of the box the ends of nineteen binding screws 
projected. Each bar was suspended in the box b 
a piece of fine brass wire in metallic contact with 
end, the wires being connected to the binding screws, 
the remaining binding screws being employed for a 
known resistance composed of silk covered copper 





wire placed in the bottom of the box, and a galvano- 
meter with which to take the required readings, 
One hundred Minotto cells, haviag a resistance of 
twenty ohms per cell, and an astatic mirror galvano- 
meter, the resistance of the coils of which was 
6200 ohms, were used. All solar light was excluded, 
and the room in which the experiments were con- 
ducted was but dimly lighted by an ordi “fish 
tail” burner, suspended 4 ft. above the centre of 
the table, The box containing the bars was so placed 
on the table that the light fell on the centre of it at 
an angle of 50 deg., and it was kept closed for three 
hours previous to the commencement of the test. 
The following Table gives the measurement in 


megohms of a oe of the bars when light was 
excluded and when light was admitted. 
Light excluded. Light admitted. 
Bar A 305.6 211.4 
a 4.385 4.172 
os ae - 229.3 163 
a 46.43 34.44 
» EB 591.3 370 
o = 281 197.3 
» © 667 361.5 
oo - 27.86 21.62 
eae 31.05 _ 
1 


9 52.33 

Each reading was taken after the current had 
been on one minute, commencing with the bar A 
and proceeding in the order shown throughout the 
ar The details of the entire number are pro- 

uced by Mr. Smith in his paper, but a portion 
only are here given as illustrative of the result 
generally obtained. With each bar alike the resis- 
tance became sensibly less when under the influence 
of light, except in one instance out of the entire 
seventeen. In this case the resistance was so low 
as to forbid satisfactory results. The great discre- 
pancy which the above Table shows between the 
resistances of the bars, very naturally attracted 
attention, and led Mr. Smith to seek a solution of 
the cause, Placing himself in communication with 
the source from which he obtained the bars the 
only reason which he could elicit for this was that 
some of the bars had been heated longer than 
others. 

Tables showing the tests obtained from the same 
bars under different temperatures were exhibited. 
From these it appeared that at a low temperature 
light has a much more marked effect in reducing the 
resistance of most of the bars than it has at the 
highest temperature. Tests were then made to 
ascertain the effect of solar as against artificial 
light, the result being that an apparent dull solar 
light had a much greater effect on the resistance of 
the bars than the apparent bright artificial light 
from coal gas. <A repetition of the teat at noon on 
a hot midsummer day, with a clear atmosphere and 
the rays of the sun falling direct on the box, pro- 
duced the following results, While light was ex- 
cluded the temperature remained at 108 deg. Fahr., 
and the resistance of the bar A remained constant 
throughout the test, which occupied twenty minutes. 
During the test with the light admitted the tem- 
perature increased from 112.5 deg. to 121 deg., and 
the resistance of the bar decreased. The interrup- 
tion of the light by an artificial cloud during this 
test had an immediate and powerful effect, The 
following are a few of the results obtained. 

Bar A 


369.1 54.41 
» B 4.928 3.046 
» C 283.5 49.80 


» D 49.8 25.93 

The test repeated between eleven and twelve on 

a dark night showed that no change took place— 
or, at least, sufficiently so to make it observable 
upon the delicate apparatus employed—when the 
box was closed or open; but when the dim light 
from an ordinary dirty street lamp was allowed to 
fall upon the bars at an angle of 26 deg., and at a 
distance of 21 ft., the resistance gradually decreased 
as follows : 
Bar 


587.7 505.2 
» B 6.965 6.810 
387.9 357.7 


64.29 56.75 
The temperature throughout this test remained 
constant at 57 deg. Fahr., but while the light was 
admitted the temperature gradually fell from 
56.3 deg. to 55 deg. While under the influence of 
the light the resistance of the bar A fell from 505.2 
to 483.9 megohms. The resistance of each bar was 
higher in this test than had been the case before, 
but from what cause was not known. A further 
test clearly illustrated that the resistance decreases 
gradually while the bar is under the influence of a 
dull light, and increases as gradually to its normal 
condition when the light is excluded, 








Dec. 7, 1877.) 


ENGINEERING. 


439 





One of the most interesting of the numerous ex- 

riments and tests made by Mr. Smith, is probably 
that effected with the object of aan to 
what extent the resistance of the bars would be 
affected by the eclipse of the moon, which took place 
on the 23rd of August last. With this view he 
joined up three bars in parallel circuit, including 
in the circuit fifty Minotto cells and an astatic 
mirror galvanometer. The box containing the bars 
was placed on the roof of a high building, so that 
the moon’s rays fell direct upon it during the entire 
course of the observations. Minute readings were 
taken. At 8.15 P.m., when not under the influence of 
light, the deflection was 171 divisions, temperature 
68 deg. Fahr. At8.16, after one minute’s exposure 
to the moon’s rays, the deflection increased to 159 
divisions. From §.16 to 9.15 the deflections varied 
owing to the passage of clouds of different density 
between the moon and the earth. At 9.15 the de- 
flection was 190 divisions, From 9.15 to 10.17, 
about two minutes before totality, the deflections 
gradually decreased to 185 (temperature 50 deg.). 
From 10.17 to 11.24 the beam of light appeared 
fixed at 185 (temperature 49 deg.). At 11.24 
the deflections began to increase, and continued 
to do so gradually until the end of the obser- 
vations (2.15 A.M. on the 24th), when the deflec- 
tion was 235 divisions and temperature 43 deg. 
Fahr. From these experiments Mr, Smith gathers 
that reflected solar light reduced the resistance 
about 26 per cent., moreover it would seem that 
while under the influence of light the question of 
time enters so as to affect the results. It would 
appear that the action of light alters the electrical 
properties of crystalline selenium but not per- 
manently, for when the light is withdrawn the 
selenium slowly returns to its normal resistance. 
Solar light has a much greater effect than artificial 
light. ‘The action of the light appears to be ana- 
logous to the polarisation of a dielectric (gutta- 


percha) while under the influence of an electric 


charge. As with gutta-percha so with selenium, 
after the removal of the cause of polarisation it 
gradually depolarises and returns to its normal con- 
dition, It is Mr. Smith’s opinion that, properly 
prepared selenium, might become, while under the 
influence of the electric current, a very sensitive 
photometer, by which a light alone would produce 
mechanical motion so as to mark upon a scale direct 
readings of its intensity. By way of experiment 
Mr. Smith constructed an instrument for this pur- 
pose, from which he obtained the following results : 


With the light excluded 322 divisions 
» half light ... : 2 
»  lightexcluded ... . 826 a 
»  falllight ... ole 


showing the power of the light in the first experi- 
ment to be 18, and that in the second 32. 

From the concluding remarks of Mr. Smith, 
which have direct reference to the employment of 
selenium for measures of high electrical resistance, 
it is clear that much depends upon the manner in 
which it is prepared. ith careful manipulation, 
there would seem good grounds for looking upon it 
as a cheap and reliable agent for these purposes, A 
Table compiled from experiments, conducted with 
the object of testing its qualities for this purpose, 
showed excellent results. It is but fair, however, 
to observe that the bar employed was one prepared 
by Mr. Smith himself. Nor does the amount of 
battery power a to affect its qualities, for with 
properly prepared bars, Mr. Smith has obtained 
very constant resistance with a battery varying from 
one hundred up to one thousand cells. In each 
case it remained constant, and did not show signs of 
being affected in temperature by the high battery 
power employed. 

An interesting discussion followed this lecture, in 
which Professor Abel, C.B., Mr. W. W. Preece, Dr. 
Obach, and Professor Adams took a The subject 
is one which will no doubt command attention, and it 
isone worth studying. The tablesshowing the various 
results obtained under an extended series of trials 
were very complete, and will prove of good service to 
. — who may wish to pursue the subject 

urther, % 


PRIVATE BILLS FOR SESSION 1878. 

WE have perused the 311 notices published in the 
London Gazette for Private Bills in the ensuing 
session, and have studied the several purposes for 
which they are to be introduced into Parliament, 
The notices exceed those of last year by 26, as the 
— then inserted in the Gazette only amounted 








The Bills may, according to present appearances, 
be classified thus: Existing railway companies 64 ; 
for incorporating new railway companies 28 ; relat- 
ing to tramways 19; gas and water 59; towns im- 
provement 19 ; bridges 6 ; roads 3; docks 6; and one 
pier; the remainder of a miscellaneous character 
amount to 38. To these must be added 63 applica- 
tions to the Board of Trade for provisional orders, 
and five applications to the Local Government Board, 
and we reach the total of 311. 

The plans deposited areas follows: Railways 77 ; 
tramways 20; miscellaneous§8]1 ; provisional orders 93; 
total 271; as against railways 73; tramways 14; 
miscellaneous 67 ; provisional orders 69; total 223, 
last year. 

The prospects of the coming session to parties 
interested in Parliamentary private business are, 
therefore, brighter than those of its predecessor, 
notwithstanding the present depressed state of 
trade and other gloomy forebodings upon the 
subject. 

In laying before our readers the results of our 
examination, we propose to deal, firstly, with the 
established railway companies, and we would 
remark in passing that the Midland Company, 
which has lately been so pushing, seems inclined to 
be peculiarly silent next session, promoting only 
one Bill itself, and affected by very few of those 
promoted by other companies; while the London 
and North-Western, as the railway chieftain, comes 
to the front with four Bills on its own account, and 
figures in the details of many others. 

The North-Western Company by its omnibus 
Bill (the short title of which is as long as many 
ordinary notices) is to authorise provisions as to roads, 
strects, and footpaths; acquisition of additional 
lands over the whole of the company’s system ; 
arrangements with the other lessees of the 
North and South-Western Junction Railway as to 
some matters at Acton; powers as to joint action 
with Great Western and Great Northern Companies; 
extension of time as to some, and abandonment of 
other authorised lines; extension of time as to 
sale of surplus lands; special provisions as to licenses 
for sale of intoxicating liquors at hotels and refresh- 
ment bars, and generally to enable the company to 
to do whatever it wants to do wherever statutory 
prohibition might interfere with its = go 

In addition to the last quoted Bill, the North- 
Western Company proposes to introduce another 
for vesting the Whitehaven, Cleator, and Egremont 
Railway in itself, and the Furness Company with 
re to the latter company over portions 
of the North-Western system. 

Thirdly, a Bill authorising the construction of 
three railways for the purpose of forming a con- 
nexion between Reddish and Leeds; and fourthly, 
a Bill for a deviation at Wolverton to join the 
authorised Bletchley, Northampton, and Rugby 
Railway, at Haversham ; a connecting railway 
with Newport. Pagnell ; arailway at Aston, near 
Birmingham; the widening of the Grand Junction 
and Aston, Runcorn, and Ditton, and- Gasston and 
Warrington lines ; a Blackbrook branch railway ; 
three Glasson Dock Railways, and widenings and 
alterations in connexion with the Stockport Railway, 
Bolton Railway, and Liverpool and Manchester 
Railway. 

The Midland Company by its additional powers 
Bill proposes to construct three new railways. At 
Burton-on-Trent a railway from High-street Ken- 
sington Station, on the direct line, to a vacant place 
near Kelsoe-place ; a railway at Ashby-de-la-Zouch 
to the company’s Woodville Junction, and a rail- 
way in the neighbourhood of Walsall, with the usual 
provisions as to extensions of time, abandonments, 
and other matters generally inserted in Bills of that 
character. 

The Great Western Railway Company is about 
to promote a Bill authorising railways from Ealing 
to Isleworth, anda railway at Tiverton ; arrange- 
ments as to railways in Cornwall, Devon, and South 
Wales; extensions of time and abandonments as 
to Swansea Canal Railways, also as to alterations of 
authorised works at Trowbridge, Hayley, and Kidder. 
minster ; subscriptions tow the construction of 
other lines and certain ay pea The com- 

also proposes by another Bill an amalgamation 
Pith the gouth Devon Railway Company. 

The Great Northern Railway Company promotes 
the construction of a railway from Spalding to 
Lincoln by one Bill, and by another the amalga- 
mation of the undertakings of the Nottingham and 





Grantham Railway and Canal and the East Lincoln- 
shire Railway Company with itself, which certainly, 





so far as the public generally know anything about 
it, would not greatly alter the present condition of, 
things. The com also prays for extension of 
time as to the ifax, Thornton, and Keighley 
Branch Railway, at Newark, with otier general 
powers, 

The Great Eastern Railway Company tenders 
a Bill for the construction of a connecting railway 
from Manningtree to their Harwich branch; cer- 
tain widenings and improvements of their line at 
various points; agreements with Ipswich Dock 
Commissioners, King’s Lynn Dock Company, and 
the Corporation of Norwich, as to works and con- 
tributions ; agreements with Epping Forest Com- 
missioners ; monetary arrangements with Northern 
and Eastern Railway Company, and regulations and 
improvements in connexion with its general system. 
This company also proposes by another Bill to try 
again for a northern extension line between Lon 
Stanton and Spalding, Spalding and Lincoln, an 
Lincoln and Askern with connecting lines and 
branches, If there is any object in dividing the 
line thus into sections, it may probably be done 
with a view to inserting the thin end of the wedge 
somewhere, and abandoning the remainder for the 
emg The company intends further to intro- 

uce a Bill for the amalgamation, sale, or lease of the 
Bury St. Edmunds and Thetford Railway. 

The London and South-Western Railway Com- 
a “apply for the sale or lease of the Staines, 

okingham, and Woking undertaking to that 
company; the amal, tion of that company and 
of the Salisbury and Yeovil Company with them- 
selves ; for an extension of time as to sale of super- 
fluous lands, and further monetary powers. 

The London, Brighton, and South Coast Railway 
Company have given notice of a Bill for revival 
of powers to construct parts of the Surrey and 
Sussex Junction lines between Croydon and Oxted 
Junction with the South-Eastern Railway, with 
powers to the South-Eastern Company to become 
joint owners of the railway between Croydon and 
Oxted, and for the purchase of the Lewes and East 
Grinstead Company’s undertaking. 

They are also promote an omnibus Bill, which 
includes the dredging and ning of New Haven 
Harbour, the purchase of Hayling Bridge Company, 
and some joint works with the South-Western Com- 


pany. 

‘The South-Eastern Railway Company, by a 
general Bill, seek power to extend the time for 
completion of works in Bermondsey and for com- 

letion of the Rye and Dungeness Railway and 
ier; the acquisition of additional lands in several 
ora to make agreements with the Seabrook 

tate eee to completing the sea wall at 
Newington and Cherrington; also powers.as to 
streets in Southwark, Bermondsey, and Rotherhithe ; 
to make agreements with Lord Radnor as to lands 
at Folkestone ; extension of powers as to Charin 
Cross Hotel, roads near Shorncliffe Station, an 
increase of capital. 

Notice is also given for a Bill under the title of 
the “ South-Eastern and London, Chatham, and 
Dover Railways.” ‘This is to effect what is called a 
working union, with provisions for joint working 
and management, appointment of joint boards of 
management, provisions as to capital and scale of 
voting, and provisions for ultimate amalgamation 
and traffic arrangements with Brighton Company. 
The Bill is also to contain provisions for the acquisi- 
tion of the Sevenoaks, Tunbridge, and Maidstone 
Railway by the amalgamated companies. The 
amalgamation provisions are to come into force at 
the time and upon the conditions to be defined by 
the Bill. 

This scheme of graduating for amalgamation is 
not a bad idea by any means, but reflects great 
credit on its author for the a of the inven- 
tion. If successful it will probably furnish a valu- 
able hint to the North-Western and Lancashire and 
Yorkshire Companies, and may, in fact, be the 
foundation stone of considerable changes among 
railway companies generally. 

The only other London companies are the Metro- 
politan and Metropolitan District, and although it is 
palpahle to every outsider who is interested in rail- 
way matters, that the interest and inevitable fate of 
these two companies is joint action and ultimate 
union, it isas amusing as anything connected with 
so business like a subject as railways can be so con- 
sidered, to note the coquetish ways adopted by each 
of them (headed as they are by the two cleverest 
of railway chairmen) to inveigle the other into taking 
the initiative step which is to bring about the de- 
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sired result. The policy hitherto adopted has been 
an expensive one on both sides, and will continue 
to be so as long as it contains the element of 


menace, 


The Metropolitan Company have given notice of a 
Bill for authorising — rece with the District Com. 
estern Company, the South- 

estern, the London, Chatham, and Dover, the 
Midland, the Great Northern, the Metopolitan and 
St. John’s Wood, and the South-Eastern Company’s 
Share capital, and borrowing powers, 
particularly with District Company as to agreement 
relating to the line between South Kensington and 
Kensington High-street stations, for constituting 
ngsbury Railway a separate under- 
taking, and for running powers over the Kensington 
ichmond Railway, which powers the District 


pany, the Great 
V 


as to traffic. 


the authorised 


and 
Company already possess. 

The Metropolitan District Com 
tended to authorise a railway to 
on the Thames near the Willow Bank, and a junction 
railway at Acton with the Ealing extension now in 
course of construction. There does not appear to be 
much in this of an alarming character so far as the 
Metropolitan Company is concerned ; but those who 
have watched the poliey of the District Company 
under the guidance of its present leader know that 
it is not always by a direct thrust that the blow is 
inflicted ; when we come to analyse the companies 
applying for incorporation we shall perhaps get a 
better notion of how the game is carried on. Nor is 
the Metropolitan Company at all behind its rival in 
its modus operandi. 

The Metropolitan Inner Circle Completion Com. 
pany intend to apply for a further extension of time 
under their Act of 1876 for powers as to purchase 
of pre rty in Cannon-street, and for the District 
an Metropolitan Companies to make the line; to 
borrow the authorised capital by instalments, to 
enable the Commissioners of Sewers and Metro- 
politan Board of Works to subscribe by instalments, 
and to transfer the undertaking to the District and 
Metropolitan Companies. 

Of the other leading companies applying to Par- 
liament the North-Eastern seek authority to make 
a railway from from Hull and Holderness to Saltend 
at Preston; to make agreements with Kingston-upon- 
Hull Dock Company as to subscriptions; to estab- 
lish a superannuation fund, and to exercise the bor- 
rowing powers of the Whitby Railway Company. 

The North British Company propose the con- 
struction of new railways and tramways and to 
advance money towards the completion of Borrows- 
tounness Harbour. 

A session without the Caledonian Railway Com- 
pany would be a novelty, and on the present occa. 
sion they are applying for an additional powers 
Bill, and a Bill to authorise a railway from Greenock 
to Gourock, with quays and pier at Gourock, and 
the raising of additional capital for its construction. 

The London, Chatham, and Dover is the | 
important company which is not promoting a Bill 
on its own account, and the East London with 
its exceptional borrowing powers is also absent from 
the list of applicants. 

The following .established and authorised com- 
panies have also given notice of intention to apply 
for Bills for various pu s too numerous to be 
mentioned in our present limited space, viz., Bristol 
and Portishead Pier and Railway Junction, Ban. 
bury and Cheltenham Direct Railway, Birmingham 
and Lichfield, Cannock Chase and Wolverhampton, 
Cleator and Wokington, Dudley and Oldbury Junc- 
tion, East Norfolk, Forth Bridge Railway, Great 
Yarmouth and Stalham (Light) Railway, Isle of 
Wight and Newport Junction, Leominster and 
Bromyard, Liskeard and Caradon, Merrybent and 
Darlington, Mid Hants, Man South Junction and 
Altrincham, Nettlebridge Valley, Rhonnda Valley 
and Hirwain Junction, Somerset and J)orset, Thet- 
ford Wotton and Swaffham, ‘Taff Vale, Teign 
Valley, Wigan Junction, and West Lancashire, 
which latter, according to the notice, proposes to in- 
clude in ita Bill the power to build steam vessels. 

The following ask for extension of time pure and 
simple, viz., Bala and Festiniog, Cleveland Exten- 
sion Mineral, Charnwood Forest, Dover and Deal, 
Newent Railway, Ross and Ledbury (works only), 
Ramsey and Somersham Junction, and Swindon, 
Marlibrough, and Andover. And the six next men- 
br x Ee: oe eee Bills pone per om of 

e Parliamen it, viz., Birkenhe ester, 
and North Wales; Bodmin, Wadebridge, and Dela- 


y’s Bill is in- 
ulham, and pier 


and North Wisbech, This completes the history of 
the 64 established companies. 
The most prominent feature in connexion with 
the notices given by the leading companies, is the 
tendency towards closer relationships and union of 
interests which seems to be developing among them. 
This has been of some years’ growth, as has been 
shown by the attempts at amalgamation between 
the North-Western, Lancashire and Yorkshire, 
Great Northern, Great Eastern, South-Eastern, and 
London, Chatham, and Vover Companies, which 
having always failed as yet, have probably con- 
vinced the applicants that they must bring about 
the same result in a different way. 
But so far as the public and trade interests are 
concerned, it must be borne in mind that this con- 
centration tends towards a utilisation of the existing 
state of things rather than improving them, or 
endeavouring to meet the demand for increased rail- 
way accommodation, and would place a monopoly 
in the hands of the great companies which might be 
difficult to remove or shake hereafter, and con- 
sequently a matter which requires careful watching 
by ies interested as well as on behalf. of the 
public generally. 
Having exhausted the established companies we 
now turn to the more congenial subject of those 
applying to be incorporated for railway purposes, 
We will begin with London, and take the Kast 
Metropolitan Railway, which is to start from the 
authorised Inner Circle Completion Railway at Fen- 
church.street, and terminate near Bow Church, 
Powers are to be inserted in the Bill giving the 
Metropolitan Company, the District Company, and 
the Inner Circle Completion Company powers to 
saree towards constructing and maintaining the 
ne. 
The Metropolitan and Regent Circus Railway, 
which is to be constructed either by the company to 
be incorporated or the Metropolitan Railway Com- 
pany is from Regent’s Circus, Piccadilly, to the 
fetropolitan Railway at Farringdon-street, and the 
Bill is to make arrangements with the Metropolitan 
Board of Works as to interference with new streets, 
Notice has been given under the title of ‘ A Rail- 
way to connect the Lines North of the Thames with 
Charing Cross” of a Bill for incorporating a company 
to empower the Central London Railway Company 
to make four railways: No. 1. From the North- 
Western fat Willesden under the Edgware-road, 
Oxford-street, and the Metropolitan Railway near 
Farringdon Station, thence under the City-road, 
Old-street-road, into the North London Railway at 
Liverpool-street, and terminating at Broad-street 
Station. No. 2. From the Company’s line under- 
et pe at the City-road to join the Great Eastern 
ilway at Liverpool-street. No. 3. Commencing 
on the Company’s underground line at Totten- 
ham Court-road, proceeding by a curve under the 
new streets to St. Martin's place, thence under the 
east side of Trafalgar-square to a station (or terminus 
we suppose) near the South-Eastern Company’s 
station. No, 4is to begin under the Edgware.road, 
and passing under Praed-street. to terminate in the 
Great Western Railway near Bishop’s-road. 
This gigantic undertaking does not condescend to 
ask for subscription powers or even working arrange- 
ments with any other company, but confines itself 
entirely to the care of the Central London Company, 
whose capital has been kept so long in the back- 
ground that nobody knows what amount it may or 
may not have reached by this time. It seems a novel 
way of doing business, too, this plan of incorporating 
one company to enable another company to do some- 
thing, but;perhaps there are reasons for it which we 
cannot penetrate. However, provided that the en- 
gineering is efficient, this line is much needed, and 
it has our best wishes, both as to tiding over the 
14th of January and raising its capital afterwards, 
A line is to be applied for under the familiar title 
of the Hounslow and Metropolitan Railway from 
Heston to the authorised Ealing Extension of the 
District Company with powers to the District Com- 
any to construct it. Another is to be called the 
Jarrow and District Railway, which is to be com- 
osed of railways from the Great Western and 
etropolitan District Railways at Ealing to join 
the Kingsbury and Harrow Railway at Harrow. 
We wonder what is at the bottom of this ? 
According to annual custom notice has been 
given of another Fulham Railway, It is called this 
ear the Fulham and Walham Green Railway. 
Railw No, 1 of the scheme is.from Grove Junction 


back of Ranelagh House, No. 3 from the termina- 
tion of railway No.1 to the district line at West 
Brompton Station. The Bill will contain running 

wers over the Hammersmith and City, the 

istrict, and Great Western Railways, with alter- 
nate powers to those companies either to execute 
the purposes of the Act or by contribution to enable 
the incorporated company to do so. 

rn is also to be made for that long de- 
layed but certainly inevitable line, the Windsor and 
Ascot Railway, from the Great Western Windsor 
Branch, skirting the forest land, and terminating 
between the Ascot Royal Hotel and the race course, 
with a branch to join the Ascot and Aldershot line 
of the South-Western Company, thus giving the 
Great Western Company the much desired access 
to Ascot, and the residents of the West-end of 
London an equally coveted option of travelling in 
decent carriages with respectable company, as 
against—well to put it mildly—the present route. 
We now get entirely beyond the sound of Bow 
bells, and as there does not appear to be any other 
new railway contemplated nearer than Ash in 
Surrey, we will briefly notice the remainder alpha- 
betically. A line is proposed to be called the Ash 
and Aldershot Railway from the the South Eastern 
Railway at Ash to High-street, Aldershot. The 
next is a branch railway with tramways at Abernant, 
Glamorganshire. The Bishop’s Castle Railway is 
from Lydham to the Cambrian Railway at Mont- 
omery. The Basle Valley Railway is from Marsh 
ridge to Withypool. The Cheadle Railway is from 
the North Staffordshire Railway at Blythe Bridge 
to Cheadle. The Clarbeston-road and Whitesand 
Railway is from the Great Western Railway (South 
Wales section) at Wiston to’ Hwyrddyn Rock, 
Whitesand Bay, with a pier at its termination. 2, 


A railway from No. 1 at Treffgarne to Prendergast. 
The Dudbridge and Stroud Railway is from the 
Stonehouse and Nailsworth Railway at Kingstanley 
to the Great Western Railway at Stroud (Gloster). 
The Daventry and Weedon Railway is from 
Daventry to the London and North-Western Rail- 
way, near Weedon Station, The Exeter and Chag- 
ford Railway is to consist of five railways and a 
tramway in the neighbourhood of Exeter. 
Market Deeping Railway is from the Great Northern 
Railway at 
Mumbles Railway and pier consists of a railway be- 
tween Swansea and the Mumbles with a pier. 
Painswick Railway is from the Great Western Rail- 
way at Stroud (Gloster) to Painswick. The Prince- 
town Railway is from the South Devon and Tavi- 
stock Railway to near Princetown. 


The 
eterborough to Market Deeping. The 
The 


The Pontypridd, Caerphilly, and Newport Rail- 


way appears to be a comprehensive scheme, consist- 
ing of four railways in Glamorganshire and Mon- 
mouthshire from Taff Vale Railway at Llantwit 
Vardre to Rhymney Railway (Walnut Tree Branch 
at mg ero two junctions with Brecon an 
Mert 

and four deviations of Brecon and Merthyr 'Tydvil 
Junction at Machen. .The Rosebush and F 
Railway is from a junction with the Narberth-road 
and Maenclocogh Railway at Rosebush to Goodwin 
near Fishguard. The South Wales and Forest of 
Dean Railway consists of a railway from the 
Merthyr, Tredegar, and Abergavenny Railway at 
Abergavenny to the Severn and Wye Railway at 
English Bicknor; a railway from Pycty at Llan- 
garen to Hereford, Ross, and Gloster Ra 

Ross; and a railway at Abergavenny between 
railway No. 1 and the Newport, Abergavenny, and 
Hereford Railway. 
running powers and compulsory facilities over parts 
of the ian 

and Abergavenny and Great Western, Newport, 
Abergavenny, and Hereford Railways, the Hereford, 
Ross, and Gloster, and the Severn and Wye Rail- 


yr Tydvil Railway, three spurs at Eglwyslian, 
ishguard 


ilway at 


This Bill proposes to take 
and North-Western, Merthyr, Tredegar, 


ways, 
‘The Ventnor, Yarmouth, Freshwater, and New- 


rt Railway is from the Isle of Wight Railway to 
Yarmouth, also from Yarmouth to Freshwater, and 


from Yarmouth to Newport. The West Bromwich and 
Cannock Chase Railway is designed for the 
of connecting Birmingham with Cannock Chase. 


urpose 


This finishes the 28 notices for incorporating new 


railway companies and exhausts the railway part 
of our subject. In reflecting upon the vast amount 
of labour both bodily and mental which has been 
bestowed u 
which the details of many of them might probably 
disclose, one cannot help falling into conjecture 


n these latter projects, and the ability 





a 
of the aed and City Railway to Walham 





hole; Charnwood mpd ee course); Corn- 
wall Mineral; Bodmin and Wadebridge; and Upwell 


Green, No. 2 from the termination of No. 1 to the 


thanks to legislati 


ive impediments) as to what will 


their fate about the 14th of January. 
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It will be observed that the majority of them are 
connecting lines with existing systems and probably 
tend to form continuous through routes, but we 
have not iy had time to study fully the details of 
them, and therefore refrain from comment upon 
this head. 

The remaining notices possess many features of 
interest which will be referred to in our next 
number, 


THE PARIS EXHIBITION.—No. X. 

GENERAL ARRANGEMENTS RELATING TO TRANSPORT. 

THE special tariffs applicable to exhibitions will 
be employed in the transport of goods of all 
classes intended for the Exhibition of next year. 
Products of every sort (objects of art and valuables 
excepted), carriages and live stock, rolling material 
that can be transported on its own wheels on the 
railways, and having the Exhibition for their desti- 
nation, will be transported by the various companies 
at half the general tariff. This reduced price will 
under no circumstances be based on less than four 
centimetres per ton and per kilometre. On the 
other hand, the sender of the goods may always 
claim to have them forwarded by the ordinary rates, 
if he can secure any advantage in doing so, as the 
general and special rates ruling on the French lines 
are equally applicable for goods intended for the 
Exhibition if the sender so desires, Exhibitors are 
liable to all accessory charges, the collection of 
which is authorised by the Administration, as well 
as the ordinary charges for registration, and the 
cost of the Treasury stamp. In consideration of 
the reduction of 50 per cent. just mentioned, the 
railway companies will be exempt from responsibility 
of every kind, even if accidents should occur in 
loading or unloading the wagons. No persons will 
be allowed to travel in the carriages containing 
goods being transported at the reduced rates. 
Works of art and valuables will be transported on 
the terms and general conditions provided for in the 
general ordinary tariff for this class of goods. Bulky 
objects which cannot be divided (other than railwa; 
carriages, wagons, or engines and tenders travel- 
ling on their own wheels) and which weigh over 
one ton, and objects of such dimensions as to 
exceed those of the freight wagons transporting 
them, will besubjected to special freights determined 
on as the occasion arises. Locomotives, tenders, 
and rolling stock, not able to travel on their own 
wheels upon the railway, will be subjected to the 
same exceptional tariff. The transport of goods 
through Paris will be effected, either by ‘the ex- 
hibitors themselves, or by the railway companies. 
In the former case the packages will be delivered at 
the terminal station in Paris to the agents nomi- 
nated by the exhibitors, In the latter the transport 
will be effected by the companies at the rates and 
on the conditions following : Packages weighing each 
less than 2640 lb., will be conveyed by the Chemin 
de Fer de Ceinture either to the right or left bank 
of the Seine, according to their destination, Various 
packages belonging to the same exhibit, such as the 
different portions of a machine, when they weigh, 
some of them less and some more than 2640 lb., will 
be combined into one delivery, and sent on to the 
Exhibition by railway. Loaded wagons containing 
foreign exhibits, addressed to their respective Com- 
missioners, will be, after the examination at the 
Douane, brought by the Chemin de Fer de Ceinture, 
and will be delivered on the railway of the Exhi- 
bition to the representatives of the Commissioners, 
who will have to supervise the unloading and the 
distribution of the contents of these wagons. The 
cost of transport in Paris, when it is performed by 
the railway companies, will be 10 francs or 8s. 4d. 
per ton. A similar proportion will be charged for 
parts of a ton, the lowest charge, however, being 
limited to one franc. Packages transported in carts 
will be unloaded on the Exhibition main road, as 
near as possible to the ultimate location of the 
exhibit, the exhibitor having to receive the goods 
at this place. ‘The cost of shifting the goods from 
the point of unloading, and getting them into place, 
will be at the charge of the exhibitor. When the 
weight of the package renders the use of cranes 
necessary, the goods will be unloaded at the crane 
nearest to the point for which the exhibits are in- 
tended. Railway wagons brought by the Chemin 
de Fer de Ceinture and the junction running to the 
Champ de Mars, will be taken on the special Ex- 
hibition lines as nearly as possible to their destina- 
tion, and then unloaded by means of the travelling 
cranes supplied by the Commission. When it 
happens that no travelling crane can be made avail- 








able for this service, the unloading of the wagons 
will be effected at the fixed crane nearest to the 
destination of the goods. The price of 10 francs 
per ton charged for transport through Paris in- 
cludes the work of unloading. 

In order that every exhibitor ma: 
benefit of the reduced tariffs, he will obliged to 
present at the railway station from which the goods 
are despatched the official documents in his posses- 
sion, proving that the goods are going to be exhi- 
bited in Paris. The railway companies will be in 
no way responsible for damage in transit arisin 
from bad packing or from a defective condition of 
the cases, All goods forwarded will have to be pre- 
paid, such payment to include the charges for trans- 
port through Paris and delivery at the Exhibition, 
when such an arrangement is made; after the close 
of the Exhibition the payment of carri will be 
made when the goods are delivered at the station 
from which they were originally despatched. All 
goods sent tothe Exhibition must be addressed to the 
care of the delegates appointed by the Commission 
to represent the exhibitors in each class at the 
Champ de Mars, and the exact ultimate location in 
the building must also be marked on each package. 

Conformably with Article IV. of the special 
regulations referring to the despatch, reception, 
installation, and re-expedition of the exhibits, 
if the forwarder or his agent be not present to 
receive the packages on their arrival within the 
boundary of the Exhibition, the Commissioners will 
immediately return such packages, either to the rail- 
way station or toa —_ depét ; and this will be 
accompanied with the ordinary charges of cartage 
and storing at the expense of the exhibitor. After 
the closing of the Exposition, the re-expedition of 
all the objects will be made under the conditions of 
the present tariff, provided always that such re- 
expedition shall take place within six months of the 
closing of the Exhibition. 


receive the 








THE BEHAVIOUR OF SHIPS AT SEA,* 


By W. H. Wurrs, F.R.I.N.A., Assistant Constructor of 
the Navy, Instructor in Naval Architecture, Royal 
Naval College, Greenwich. 


AccuRATE and extensive observations of the behaviour of 
ships at sea are of comparatively recent date ; their conduct 
may, in fact, be regarded as an indirect result of the ironclad 
reconstruction. Considerable anxiety was felt and ex- 
pressed, in many quarters, as to the safety of ships burdened 
with great weights of armour; and it was generally 
assumed that they must roll heavily. These opinions were 
not shared by the designers of the ships, but they were so 
widespread that unusual care was, from the first, bestowed 
upon the measurement of the angles of oscillation of iron- 

, both absolutely and relatively to those of the unar- 
moured ships which sailed in company. The French led the 
way, our own Channel Squadron trials soon followed, and it 
was speedily shown that the popular belief was not well- 
founded, all, or nearly all of the ironclads proving at 
least as steady as the screw line-of-battle ships. 

The observations thus commenced have since been con- 
tinued, extended, and systematised in the Royal eves | and 
in the French Navy. Correct and simple methods of 
measuring the range of rolling and pitching motions have 
been introduced: and arrangements have been made for 
noting simultaneously the conditions of wind and sea 
under which those motions are performed. These develop- 
ments are of great importance. Originally the observations 
were limited to the actual behaviour of a ship, but little 
attention being bestowed upon the attendant circumstances. 
So long as the original object alone was aimed at, these 
limi’ observations sufficed; for they enabled a trust- 
worthy estimate to be formed of the absolute or compara- 
tive steadiness of a ship. But when it is desired to obtain 
from analysis of the recorded behaviour of completed ships, 
exact information which shall be useful in designing other 
ships, Pd observations require to be as detailed and precise 
as possible. 

me great object of the naval architect is to design shi 

which shall be steady aud well-behaved ; more paar 
ships of war which are to serve as co gtens. The 
modern theory of rolling, originated by Mr. Fronde, and 
still receiving development at his hands, has enabled 
the designer to pro 
ing to produce ste: ships ; in fact, it may be asserted 
that some of the s iest ships, if not the steadiest, ever 
built, are those which have been constructed in acco’ 

with the modern theory. Amongst ironclads the Monarch, 
Sultan, and Devastation are models of good behaviour ; 
while the Inconstant, Shah, and Raleig’ are unrivalled 
for steadiness among unarmo' ships. : 

It is undoubtedly true that in order to secure this 
superior behaviour in a sea-way, some of these recent ships 
have had their stiffness—or i to resist inclination 
under canvas—reduced considerably, as compared with 
earlier vessels. Great objections have been against 
this feature of the designs; but these obj have, I 
think, been already answered sufficiently, and I will only 
add two remarks respecting them. First, the reduction in 


ao 





with greater certainty in attempt- | cl 
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stiffness was made advisedly, in order to increase the 
steadiness ; and the French designers haye followed a 
similar course. Their latest completed ironclads, the 
Ocean class, have no greater stiffness than our V; 
class had — ‘ine Boat ecm y Ey: ram 
experience wi \- these ap 
may be trusted to limit the rolling of ships, nee 
moderate but sufficient amount of stiffness; and to 
them on terms of equality, as to steadiness, with cranker 
ships having less powerful bilge-keels. With this ex- 
pratee a guide for naval architects there is no pro- 
bility that the stiffness of future ships will be diminished 
to the same extent as it is in some existing ships, designed 
saw re steadying effect of bilge-keels was so well esta- 


It may fairly be claimed for the modern th of rolling 
that it has now beyond the provisional . The 
highest authorities in this country, in France, ly, and 
elsewhere, are ous in their acceptance of its - 
ciples ; and the broad practical deductions therefrom have 
been verified by very numerous observations of the be- 
haviour of ae of all classes. Some subordinate, but not 
unimportant, branches of the theory are still in the pee 
of discussion; but the progress y made by Mr. 
Froude, and those who have followed him, makes further 
progress probable, provided only that the necessary data 
a A mo of the general soundness of the 

ur assurance e teachings 
of modern theory is greatly strengthened by their agree- 
ment with the observations already made by naval 
officers ; and all who are interested in the study of naval 
architecture gladly acknowledge the obligation. In doi 
so, however, a fresh appeal must be made to sailors for ai 
ina t peculiarly their own. Recorded observa- 
tions have considerable value ; but they are not all of equal 
value, nor do they furnish all the information required, 

ly the — of the modern theory in ship desi 

has done much to improve practice, but the problem to 
solved is clearly one which pure theory cannot deal with 
satisfactorily. Under certain assumed conditions of sea, 
fer example, it is possible to predict, with close approxima- 
tion to the truth, what the behaviour of a certain shi 
will be ; and Mr. Froude has done so in many cases. Bu 
observation alone can determine what are the actual con- 
ditions of a gea-way, how closely the dimensions and speeds 
of deep-sea waves ea pecey to those which the accepted 
theory recognises, what are the worst conditions to which a 
ship is likely to be subjected, and how nearly her behaviour 
under those conditions corresponds to that deduced from 
theoretical investigations. In short, further progress with 
the theory of rolling and pitching, as well as with the work 
of designing ships which shall be steady and well behaved, 
largely depends upon the observations which naval officers 
alone can make. 

It is often said that great advantage would result from 
some service at sea on the of naval architects; and 
this view of the matter is doubtless correct. But, on the 
other hand, it must be admitted that no naval architect, 
in practice, can devote to the performance of service at sea 
the considerable amount of time which, from the circum. 
stances of his service, the naval officer spends afloat. And 
therefore, I say again, naval architects must look to naval 
officers for further extensions of knowledge respecting the 
actual conditions of a sea-way, and the actual behaviour of 
ships. Nor will they look in vain, I feel confident, when 
naval officers become more interested in the subject, and 
obtain an intelligent acquaintance with the chief deductions 
from the modern theories of deep-sea waves and the be- 
haviour of ships. The full discussion of these theories in- 
volves high mathematical reasoning, but the deductions 


which have the greanet practical interest admit of simple 
explanation or illustration; and I have already had the 


pleasure of seeing some beneficial results, in the form of 
improved observations, follow attempts to make clear the 
fundamental principles to which I more especially invite 
attention this evening. 

First, as to wave motion in the deep sea. 

In my remarks on this subject I shall use the following 
terms : 

1. Length of waves; the distance from crest to crest, or 
hollow to hollow, meas’ in feet. 

2. Height of waves; the height (in feet) from hollow to 
crest. 

8. Period of waves; the interval elapsing between the - 
passage past an observer who is ey pews | of two succes- 
sive crests or hollows. The period is us measured in 
seconds, and may be defined as the interval occupied by a 
wave crest in advancing a distance equal to the length of 
a Booed of their velocity of ad u 

. of waves; their veloci vance, usually ex- 
samaol ta task per second. 

Let it be supposed that a single series of waves is being 
observed, successive waves being of identical form; the 
accepted or trochoidal theory leads to the following con- 


usions : 
1. That the profile of the wave (its section by a plane at 
right angles to the ridge) is a trochoid ; and that this wave 
form travels onward, often at enormous speed, while in- 
dividual particles of water in the wave revolve in circular 
orbits, contained by planes perpendicular to the wave 
ri 


oP That the disturbance caused by the passage of a wave 
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The following are a) imate rules : 
Length of wave (in fect) 5} X square of 
Orbital velocity of }aBx ight of wave. 

on surface of wave. 9 “Length of wave. 


8. That the speed of advance of the wave form depends 
upon the length of the wave, and is independent of the 
height. 


Approximately— 

Speed of advance (in feet per second) =2}+/Tength. 
a ea (in knots per hour)=3 x Period. 

4. That the limiting ratio of height to length in an 
ocean wave is that of the diameter of a circle to its circum- 
ference (7 to 22 nearly). When this limit is reached the 
profile of the wave becomes a eycloid, and the wave is on 
the v of breaking, its crest becoming a sharp ridge. 

The fact that the apparent advance of waves is one of 
form only is well known. A log dropped overboard from 
a ship, past which waves are racing at great speed, is not 
swept away, as it would be on « tide or current, but simply 
sways bac and forwards as successive waves pass. 

It is possible by means of a simple apparatus to illustrate 
the rapid advance of wave form which may accompany 
oscillatory or orbital motions of particles. Fig. 1 repre- 
sents a case of the kind sup . P, P, P, &., are 

icles on the trochoidal upper surface of a wave, the 
corresponding positions of the radii of their orbits being 
oP,oP,oP, &. The wave is advancing from right to 
left. Suppose all the radii to turn through equal angles 
Pop, Pop, &., simultaneously ; then the points p, p, P, 
&c., will determine a curve which is clearly the same tro- 
choid as formerly occupied the position P P P, and conse- 
quently the motion of rotation of the particles has brought 
about a motion of advance of the wave form. At the crest, 
rticles move in the direction of the wave advance ; at the 
follow, particles move in the contrary direction. Similar 
motion of advance in the wave form may be produced by 


— (in seconds) 
Height of wave. 








hile it might be rolling through an are of, say, 15 deg. 

. once every four or five seconds. A pendulum 
$n would also be effected by the wave motion, 
would coincide in direction with the mast. More- 


i 
. 
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variations rao upon many circumstances ; the form and 
magnitude of the ship, her course and speed relatively to 
the waves, the dimensions of the waves, their a 
of height to length, &c. It would be idle to attempt any 
discussion of these circumstances in the limited time at my 
ay suffice it to say, therefore, that for every ship 
rolling amongst waves of any assumed dimensions, the 
resultant fiuid pressure impressed upon her will pass 
through a series of variations in direction and magnitude 
during the e of each half-length of the wave, that is 
to say, during the half period of the wave. If, at any 
instant, the direction of the line of action of the resultant 
pressure could be determined, that would be the “ virtual 
upright,” towards which the ship would tend to move, if 
her masts did not coincide with it; just as in still water 
she would tend to return to the vertical if inclined from it. 
And if all the positions of the “ virtual upright’ were 
known, each of them would be normal to a surface, termed 
the ‘effective wave slope.’ This effective slope may 
differ more or less from the upper surface of the wave, but 
it will be sufficient for our present purpose to consider the 
two as identical. a ‘ 

In Fig. 3 (right-hand side) a ship is shown in cross 
section ; the instantaneous position of the virtual upright 


ee ae 











Fig. 2 


simple vertical oscillations, instead of orbital motions of par- 
ticles. This was the earliest theory of wave motion, which 
is now abandoned in favour of the trochoidal theory.* 
Probably the most important deduction from the tro- 
choidal theory has yet to be mentioned, viz., that the 
orbital motions of the icles in a wave produce notable 
variations in the direction and magnitude of fluid pressure. 
Each icle is subjected to the action of centrifugal force, 
as well as the force of gravity ; and the resultant of these 
two forces determines the direction and magnitude of the 
pressure on that particle. In Fig. 2 let B be a heavy 
i, revolving in a circle of which A is the centre; let 
he line A B represent centrifugal force, and A C drawn 
vertically represent the force of Parity, then B C repre- 
sents the resultant pressure ; and if B lies on the upper sur- 
face of the wave, that surface will place itself perpendicularly 
to C B, in the immediate neighbourhood of the icle B. 
It will be seen that the magnitude and direction of the 
resultant pressure C 7 change according as B moves 
in its —_ At the — and crest the resultant 
pressure vertically ; but at any intermediate ition 
its line of action is inclined to the bee om ; CR neuen 
that line when the particle is at R,, and similarly for 
any other position. 
P a tiny raft, with its mast, as shown in Fig. 3, 
to rep the particle, and to float on the surface of a 
wave. Its mast will always coincide with the direction of 
the resultant pressure ; and the consejuent motion will 
resemble that of a pendulum. At the wave hollow the 
mast will be vertical ; as the wave passes, and the raft 
rises higher on the slope, its mast will become more and 
more away from the vertical ; near the mid-height 
of the wave the inclination will reach a maximum, after 
passing through which it will decrease gradually, until at 
he crest the mast is once more vertical. The range of in- 


clination, Sherefere, depende upon the maximum waves! » 
which is governed the ratio of the height to the ; 
in the direction of the fluid 

i A single 
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is indicated by N N, and the masts of the ship are inclined 
to NN, at an angleG MZ, G ey) aes centre of =. 
G Z is drawn perpendicularly to N N, and instantaneously 
the righting moment tending to bring the masts into coin- 
cidence with NN, is given by the equation. 

Righting moment—apparent weight of ship x G Z. 

The apparent weight of the ship would be less than the 
true weight in the upper half of the orbit, and greater 
than the true weight in the lower half. 

The preceding brief statement contains the fundamental 
principle upon which Mr. Froude his investigation. 
Kooordt to the accepted theory, a ship is no longer sup- 
posed to be set oscillating because of the shocks of waves 
upon her sides, or because the wave surface has a steep 
slope, and heaps up water on one side as com with the 
other side ; these and all other of the earlier theses are 
discarded, for they do not — the fi of common 
experience. Vessels often roll heavily in a long, smooth 
swell, where the slope is almost imperceptible, and where 
no sensible shock is delivered against the sides. Out of the 
many cases in point, let one of the most recent be taken. 
When the Dreadnought ran outside Milford Haven for a 
preliminary trial of her engines, she encountered a long, 
smooth swell, which made her roll through quite 10 deg. 
on either side of the vertical, to the great surprise of many 


on . , on her passage round to Ports- 
mouth, this same ship met with bad weather, and 
behaved remarkable well, scarcely rolling at all. On the 
old hypotheses such occurrences almost inexpli- 


cable ; viewed in the light of the present theory they are 
easily explained. The i aoe 3 Sete a> 
tions governing the behaviour ps among waves : 

PRP Pn Bt hg oscillation fo Me: S- 

e time occupied in making a swing (say, from 
Sharbonsd te pest) when ext soliton te ast wate. - 

2. The i of the fluid resistance to her motion ; a 
measure of which is afforded by the rapidity with which 
he is ht to rest after being set rolling in still water. 

3. The di i and proportions of the ocean waves 
Species » eine Chats qyeel Gad Cyeeties ager & 

ship. 

Over the first and second of these conditions the designer 
of a ship can exercise considerable influence, but 
not in all cases. still-water period depends chi 
upon the stiffness (or “‘ metacentric height”’) of a ship, 


upon her moment of inertia, which is governed by the 
distribution of the weights, in relation the ouniee of 
gravity. Other ms unconnected with the 
ae sad Lo wag a tomate yr influence upon the distri- 

ion of the weights ; and consequently naval architects 
have chiefly influenced the peri in the stiffness 
of ships. uction in stiffness | the period ; in- 
crease in the moment of inertia has o came efledh. 

(To be continued.) 


JOHNSON’S BREECHLOADING 
MECHANISM 





THE arrangement of breechloading mechanism for 
field guns, which we illustrate on the opposite page, is 
one designed and patented by Mr. R. J, Johnson, and its 
_— feature consists in closing the breech end of 

e gun with a breech block of rectangular shape and 
parallel sides, secured against the bore of the gun by a 
strong hollow screw, which also serves to work the breech 
block horizontally in and out of the side of the gun by 
means of a pin on the end of the screw and a slot cut in the 
rear of the breech block. With this arrangement a little 
more than half a turn of the screw opens the gun for 
loading, and the same simple movement closes it for firing. 
Figs. 1 and 2 show the position of the mechanism when 
the gun is open for loading. Fig. 3 is an outside view of 
the rear end of gun ready for firing. Figs. 4 and 5 are 
views of the breech block. 

In the illustrations, ais the breech block ; 6 the screw ; 
e the pin on end of screw forming one solid mass with 
the screw; d is the horizontal chamber cut through gun 
from side to side at right angles to the bore, and in which 
works the breech block; ¢ is a projecting part of breech 
block to pass the charge over the bottom of breech block 
chamber when loading ; / is the slotway cut in the rear 
of breech block, in which the screw pin works; / is the 
stop; mand z are the starting pieces, and form part of 
the screw, m serves also to act against stop /; p is the 
lever ring forming one piece with the lever g. 

The mechanism works thus: To open the gun the 
lever g with the ring p is turned sharply till it meets the 
starting piece m; the shock produced starts the screw. 
Now the screw being engaged to the amount gf in the 
breech block it must be withdrawn, that amount to be 
clear of the breech block before the breech block can be 
moved; that is done while the pin is travelling in the 
circular part i of the slotway /, which circular part has 
its centre at k, the centre of gun and screw likewise. The 
screw is made to enter the breech block to the amount 
g ’, in order to secure the breech block more thoroughly, 
and to prevent all lateral movement when gun is fired. 
As soon as the pin reaches the horizontal centre line it 
acts upon the breech block, which it moves out of the 
gun clear of the bore in half a revolution of the screw, 
and we then have the gun open. Now when the screw and 
the breech block reach the end position the movement 
of the screw must be stopped immediately, for, if its 
movement was continued, it would work the breech block 
into the gun again. To effect the stoppage of the screw at 
the right moment a strong bolt / is screwed into the rear 
of gun, and on the end of the bolt is secured a thick ring 
of india-rubber; thus as soon as the screw has attained 
the end position, the piece m forming a solid mass with 
the screw strikes the bolt or stop J, and thus stops the 
screw, the india-rubber ring prevents the shock from 
being injurious to the mechanism. To close the gun the 
lever is turned back again till it meets the piece n, the 
screw and breech block then begin to move, half a 
revolution of the screw then brings the breech block into 
its right position to close the gun for firing, and the 
movement of the breech block then stops, while that of 
the screw continues, in order to enter the breech block 
the amount g A, the screw pin in the meantime travelling 
in the circular part i of slotway /, as when opening gun. 
The extra length j of the slotway in breech block is to 
enable the screw to make an entire revolution with the 
screw pin in the breech block when the mechanism is 
put together. The lever ring is made to work partly 
under the starting pieces mn, as shown by the sections 
of lever, ring, &c., in order to get all the mechanism at 
the rear of the gun as near the gun as possible. 

In this system of breechloading the gun is of wrought 
iron with a steel tube, the breech block is of steel, the 
serew of phosphor-bronze, and the lever ring and lever 
of wrought iron. This system is not applicable to larger 
guns than a 20-pounder, as the mechanism for a larger 
gun would be too difficult and heavy to work. 








—  mesenpmers ormag Beng Sow _—™ . 
general meeting e above society on Friday 

ult., Mr. Dekay Winans read a paper on ‘‘ The Construction 
and Illumination of Lighthouses.”’ He first described the 
construction of stone lighthouses, giving as an example some 
details co ing the Wolf Rock Lighthouse. He next 
discussed iron lighthouses, also giving examples, and 
mentioning the best form that may be used, and went on 
to describe the fixed, revolving, and intermittent lights. 
He described also the catoptric and cata-dioptric systems, 
and explained the manner in which the — = Sg are 
emitted. He then discussed the different ki lamps 
and fuel now in use, and briefly referred to the preference 
of some lights to others. A vivid description of the electric 

for 


Krne’s COLLEGE 


ewok te Dianne brought Mr. W _ reotive 
obtaining it, u r. Winans’ ins' ive 
paper to an end. in’ ing discussion followed ; a 





vote of the thanks having been then passed to Mr. Winans, 
the meeting was adjourned. 
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JOHNSON’S BREECHLOADING MECHANISM. 
(For Description, see opposite Page.) 











ANDRADE’S STEAM ENGINE GOVERNOR. 


We annex illustrations of a steam ine governor 
recently designed by M. Michel Andrade, of Paris. It is 
composed of three parts, the first of which consists of 
the ball levers or suspending rods, to which the balls are 
attached; the second, of connecting arms arranged as 
Fa ; and third, of a weighted lever connected with the 
sleeve. 
arms is fixed or centred on the axis of the governor or 
regulator, and the lower point is capable of movement. 
The other two or lateral points work in slots or openings 
in the suspending rods. 

The distance from the point of junction of the suspend- 
ing arms on the axis or spindle of the governor or re- 
gulator should be equal to the sides of the arms forming 
the diamond. The sleeve or weight is applied to the 
aoe point, and can be worked either directly or by a 
ever. 

Speed is varied by varying the position of a counter- 

‘ weight placed on the lever, or a variable counterbalance 
weight may be employed. Instead of the weight, a 
spring may be used. Figs. 1 and 2 show the general 
arrangement of the governor. 

Referring now to the diagrams it will be seen that the 
apparatus consists : 

1. Of two ball levers O L, O L' (diagram, Fig. 3). 

2. Of the diamond a, c, 6, c!. The upper point a is 
fixed, and the lower point 5, which is subject to move- 
ment on the axis or spindle of the governor or regulator. 
The other two points work or slide in slots in the sus- 
pending rods 0, c, 0, c!. : 

3. Of a weight P! applied to the apex b either directly 
or by the intermediary of a lever o! K'. The distance 
o a must be equal to the sides of the diamond. 

The following is the author’s reasoning to show that this 
apparatus is practically isochronal. Let an imaginary 
governor or regulator identical to the preceding be con- 
sidered, but in which the action of gravity on the balls 
— be destroyed without the centrifugal force being 


The diagram, Fig. 4, will show that if half of the force 
which acts on 6 be represented by the line } d, then this 
force will determine on 6c a tensile force or traction, 
which is represented by the length b c, and this tensile 
force or traction must resolve itself into two forces, one 
force of which is directed on ac, and the other on the 
normal mc too L; it will then give for component in 
the dirvetion of m ¢, a force represented by ¢ g, the 


The upper point of the diamond formed by the’ 























point g being determined by the intersection of c m 
with the line 6 g drawn from 6 parallel to a c. In 
other words, the force which will act normally on the 


lover o L,, will be equal to =" I© orto E I° or to 


bd Z ab 
-s ™ ©; it will then be seen that the weight acting on 
a 
the sleeve will produce on the ball levers a momentum 
proportional to the surface of the triangle o m c. 
his momentum has for its value, 
Pigc P'mc.oc 
26a aa’ 
On the other hand the momentum produced by the 
centrifugal force for a given speed is proportional to the 
surface of the triangle O L n. 
This momentum is equal to 


P w*.nl.on, 
g 


Or it will be seen that for all the positions in the dia- 
gram, Fig. 4, the ratio of the surfaces of the similar 
triangles o m c, o Ln, which have the constant hypotenuses 
is invariable; it therefore results that if the equilibrium 
exists for a certain position of the system it will exist 
for all the others, supposing the speed of rotation 
does not change, that is to say, the apparatus will be 
strictly isochronal. 

The ordinary speed is deducted from the equality of 
the two momenta previously considered : 

P' 
and replacing mc.oc.and nl.on by the proportional 
quantities 4 a? and 7 the formula becomes 


4a Pist . w?, l*, which can be written wnfteF 


ocor 


me.oc = w* .nt.on. 


Suppose now that the weight acting on the sleeve be 
suppressed, then the governor or regulator will become 


an ordinary Watt governor, and the speed of rotation w, | 


will be given by the formula, 
wera f putting h=o n. 

Let w, be the speed of the ot isochronal 
governor before considered, the centrif force being 
proportional to the square of the speed of rotation, 
it will then be seen that if the balls of the governor are 
not in equilibrium the governor itself will be in equili- 
brium at each moment for a speed w, determined by the 
rotation w*==w,?-+-w,?, or in designating by— 

N the number of revolutions per minute of the governor 
just considered. 
N, the number of revolutions per minute of the imaginary 
corresponding iscochronal governor. 
N, the number of revolutions per minute of the corre- 
a Watt governor the relation will be N?=N,? 
2 


The equare of the number of revolutions is therefore 
the sum of two terms, one of which N,? is independent of 
the of the sleeve, and the other N,? is dependent 


of — 

The following example is borrowed from a ‘ernor, 
the working of which is very satisfactory, to show that 
the variation of speed which results from the variable 
term may be dispensed with. 

On this apparatus the limits of h are 0" 25 and 0" 27, 
the number of revolutions of the isochronal correspond- 


ing governor N,=150, it therefore results that the speod 
of the apparatus is always included between— 


_9 ( @\* , 4 NaS) 

Ni% (=) sar Wns 0.27 \ 2.9 sheae- 
that is to say, between 161 and 160 revolutions per minute. 
The difference of the limits of speed is then lower than 
rio, or 0.6 per cent. Practically it can be dispensed 
with, and more, this defect of absolute isochronism con- 
tributes to give to this governor a stability entirely 
sufficient. 




















By varying the position of the counterweight on the 
lever OK, the speed may be varied. The majority of 
engines should always work at the same — but the 
d ent of the counterweight allows the apparatus 
to be regulated with great facility. A variable counter- 


balance weight canalso beemployed. In thegreater number 
of isoc governors, when the relative equilibrium 
is d ed, the sleeve is in one direction submitted to a 


constantly increasing forec, and in the other or contrary 
direction to a constantly decreasing force ; it therefore 
results that when it is displaced in the first direction it 
becomes generally loose, whilst the displacement in the 
second direction is often’ effected too slowly. 

The following are the advantages claimed by the in- 
ventor for this governor: 1. Anisochroniom as complete 
as can be desired. 2. A sufficient stability, superior to 
that of the majority of other isochronal governors. 3. A 
very large course or revolution. 4. Extreme pee ree 
It also permits the speed to be changed wi 
engine is working by simply displacing a weight. 


Tux Suzz CanAL.—The business of the Suez Canal con- 
tinues to be well maintained. Hi he: Sam Genmage of 
canal, the 








November, 39 ships passed Sosagh the 
transit revenue ancumete 30,0001. 
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HYDRAULIC MINING IN CALIFORNIA, 
By T. Eauzston, Ph. D. 
(Continued from page 410.) 

Tue feed pipe is made either of canvas or of iron. 
Canvas hose has been almost entirely = eo 
by iron pipe, and is only used in inaccessible loca- 
lities, or on very small claims, It is made of heavy 
duck sewn together. As sailors usually sew, it will 
bear a pressure of 50 ft. perpendicular height with- 
out any other support. When greater pressure is 
required it is surrounded by iron rings about 3 in. 
apart, each one being connected by cords. So ar- 
ranged, it is called ‘‘ crinoline” hose, and will bear a 
pressure of 180 ft. of water. When iron rings can- 
not be had the hose is covered over with a net made 
of rope }in, to ¢in. in diameter, with meshes about 
2 in. square, and is then almost as strong as 
the crinoline. This pipe was easily shortened, 
lengthened, repaired, and transported, and seemed 
at the time of its invention the perfection of water 
conduit ; but it was not long before iron pipe very 
generally took its place. From the bulkhead the 
feed pipe should go to the workings in as direct a 





line as possible, upon an even grade, and should be 
provided about every hundred feet with air valves 
about 2 in, in diameter, These valves are of the 
greatest importance, since in case there is any de- 
pression in the pipe the water will be retained 
there, and if the water is di faster than’ it 
can enter the pipe, a collapse must take place unless 
air valves which can act quickly are in to pre- 
vent a vacuum being formed. These valves should 
be made of brass and never of wood. When wooden 
valves are used they have been known to swell and 
become so tight as not to act, and a collapse of the 
pipe is likely to take place. Collapses in these 
pipes occur more frequently than bursting. Every 
—— — be taken » avoid them, for 

oug e inj ipe can quickly replaced, 
while it is being donee water must be ple of, and 
inconvenient delays may result. 

The deeper the water in the bulkhead over the 
mouth of the pipe, other things being equal, the less 
the amount of air which will enter it, This depth 
should be at least 4 ft. 

The usual dimensions of feed pipes are as follow : 








Diameter of Number of J mgey od 
0) umber 0} ron in 
Pipe. Pressure. een, * of an 
Inch. 
in. ft. 
22 150 16 0.060 
22 150 to 250 14 0.078 
22 250 to 310 12 0.098 
30 150 14 0.078 
30 150 to 275 12 0.098 
40 160 a 0.236 














The iron used for these feed pipes generally varies 
from No. 16 to No. 11, oqsentan t> the pow th or 
fad | the seay eae The 

of the pipe will depend wu: the supply of 
water. With 1500 in, to 2000 in. of water 2.99 in. 








pipe will be all that is uired, Where the supply 
is as much as 3000 in., 30 in. in diameter must 
be used. For a larger supply a larger pipe will have 
to be constructed. 

The rivets which are used for No. 14 iron are 
made of wire jin. in diameter, for No, 12 iron the 
same, for No. 11 iron yyin., and for No, 7 jin. 
The pipe is made in pieces 23 ft. long, and the sheets 
are rivetted together by a steam rivetting machine. 
The feed pipe ends in a distributor, which can be seen 
in the foreground of the illustration on page 448. It 
is a box generally made of cast iron, and is provided 
with openings to which the pipes connected with the 
nozzles are attached. These openings are closed with 
ordinary water gates, which are ie ese by 
means of a screw upon the outside. The water is 
in this way turned on to or off from any one of the 
nozzles, ese distributors often have four gates, if 
the supply of water is sufficient to work four nozzles 
from one single box. When the most convenient 
place for the distributor has been selected, it is 
firmly fastened there, to remain permanently. ‘The 
pipes which lead from the distributor to supply the 
nozzles vary fron 10 in. to 15 in. in diameter; they 


are made of No. 14 to No, 12 sheet iron, and are 
about 12 ft. in length. This length was that usually 
adopted for the sluice of early shallow placer mining, 
and is still called a ‘‘ box.” It is nike up of pieces 
of sheet iron, about 18in. long, rivet together. 
The boxes are sometimes connected by flanges, or 
by hooks and wire. At Smarteville bolts and nuts 
are used, so that when necessary the boxes can be 
easily separated. The joints in all cases must be 
made perfectly tight. In some places the end of one 
joint is made to ft into the end of the next. The 

xes are thus put together like a stove pipe, and 
without any other support. This should not usually 
be done except for a very temporary construction. 
The line of pipe is generally placed on supports, as 
shown, to avoid bends in the pipe, but if it is laid on 
the ground the air valves must be carefully looked 
after, and each box should be thoroughly painted 
with coal tar. 

The miners always repair their own pipes, where 
they have been injured by collapse, or any other 
cause ; the box is taken out and carried to the shop, 
where the injured piece is removed, If it is too 
much damaged to be used again, a new piece is put 
in, if not, the rivets are removed, the sheet 
straigthened between rollers, made = with 
shears, and replaced. If only a hole has been made, 
a piece of sheet iron is rivetted over it. On a large 
claim there will always be a number of men engaged 
in this kind of repair. 

In agder to discharge the water against the bank 
with cient force, a number of nozzles are em- 
ployed, which are of more or less ingenious con- 
struction. ‘The first of these nozzles which was 
used is what is called a “‘ goose-neck,” Fig, 9, which 
consists of two elbows of iron pipe A working the 
one over the other, with a flexible joint B between 
them. Beyond the upper elbow is a short piece of 
hose D, and then the nozzle proper'C. The flexible 
joint gives a movement of rotation in a horizontal 
plane; the hose allows of a certain amount of 








movement in a vertical plane. ‘his is a im- 
provement over the straight nozzle, since it allows 
easy movement in every direction ; but the abrupt 
double curve of the elbow diminishes the force of 
the water, and the upward pressure makes the 
flexible joint hard, and requires precautions to pre- 
vent its ‘‘ bucking” from too great movement in the 
hose joint. 

A decided 7 porys upon this was ‘* Craig’s 
monitor,” Fig. 10, which is used at Smartsville, North 
Bloomfield, &c. This consists of a hollow globe H, 
with an opening at the side into which the main supply 
4 e feeds, and an opening in the top for the nozzle. 

is has an elbow with a hemispherical attachment J, 
which is turned so as to fit exactly the interior of a 
flange K, which is bolted to the globe, and makes, 
with a leather packing, a water-tight joint. ‘This 
permits the movement of the nozzle in any direction 
at pleasure, allowing of a vertical motion of nearl 
40 deg., and of a horizontal motion of 860 deg. It 
is usual, when the direction has been fixed, to tie up 
the nozzle, but when the force of the water is, say, 
180 ft., it will remain where it is put without any 
support, It is made of a wrought-iron tube U, 


EZ, Z 


Ke 


10 ft. long; to the end of this tube the nozzle 
proper, which is of cast iron 6 in, to 8 in, inside 

iameter, is screwed. It is held firmly in position 
by being bolted to wooden beams L. 

The next machine used was called ‘ Hoskins’ 
dictator,” the main difference being that the joint 
was external instead of internal, so that the water, 
instead of forcing the joints together as in the globe 
monitor, tends to force them apart, The joint was 
provided with an india-rubber pecking. Friction 
wheels were introduced to diminish the friction, and 
as the pressure is all inst elastic packings, the 
movements are easy, and the nozzle easily managed, 
It has all the motions of the monitor, but is more 
complicated in construction, There is a consider- 
able loss of power from the abrupt curves of the 
joint; a defect which might easily be remedied, 
This nozzle is extensively used. 

The next one introduced was Fisher’s knuckle- 
joint, Fig. 12, consisting of two elbows placed 
together in the. form of an S, arranged in such a 
way as to revolve horizontally by means of a ring 
joint B provided with friction rollers. This ring is 
slipped down over the lower elbow, and held to 
its place by a flange on the pipe. It is then 
bolted to a flange on the top elbow connecting the 
two, allowing the latter to move. The pressure of 
the water is such as to reduce the friction, so that 
it can be moved easily. The joints are made water- 
tight by an india-rubber packing. The nozzle 
itself is fastened to the upper elbow by means of a 
knuckle-joint E. The vertical movement is effected 
by a series of levers G F, the main arin of which is 
10 ft. to 12 ft. long, and is held in place by a ratchet. 
The movements in every direction are easy, and 
allow of an instantaneous change. The elbow and 
knuckle-joint are‘ made of cast iron of fin. to #in. 
thick. The pipe C is 8 ft. long of No. 16 sheet iron, 
the nozzle is of cast iron. The pipe when in use 
keeps its position, and does effective work at a dis- 
tance of 200 ft. 
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The nozzle which is now most used is known as 
the “little giant,” Fig. 13. It was invented by Mr. 
Hoskins, of Datch Flat. It has a complete hori- 
zontal movement on the plane BB, a vertical 
one on a knuckle-joint E, which is counterpoised at 


I to keep it in position. It is exceedingly simple, 
easily i has no abrupt angles, and it is 
claimed that it discharges a larger amount of water 


with less resistance than any other. The joints are 
packed water-tight with leather, and are thus pre- 
vented from wearing. In order to prevent the rotary 
motion of the water, which is very apt to take place 
when it is discharged at high velocities from long 
tubes, it is provided in the inside with three rifle 

lates, which force the water to issue in a straight 
fine from the nozzle, and thus prevent the breaking 
up of the stream, whose effectiveness depends upon 
the round shape being preserved. e “little 
giant” has been worked with a 6-in. nozzle with a 
pressure of 435 ft. 

The water is frequently discharged from these 
nozzles with a velocity of 150 ft. per second, and 
will strike the bank from a distance of 150 ft. to 
200 ft. with such force as to undermine it. They 
discharge from 1000 to 1500 cubic feet of water 
per second according to the pressure and the size of 
the nozzle, The velocity of the discharge is so 
great, that a man striking the stream near the nozzle 
with an iron bar will have it twisted out of his 
hands without affecting the shape of the current of 
water at all, and the pressure is so great that the 
water will retain its cylindrical form unbroken for 
more than 100 ft. 

The total amount of water which will be required 
to wash a given quantity of gravel is exceedingly 
variable, and may range from single to more than 
double, varying with the situation and compactness 
of the bank, and the size and grade of the sluices. 
In low grade sluices it may be as low as 1.5 cubic 
yards per miners’ inch; in high grade sluices as 
much as 5 cubic yards per inch are moved, The size 
of the nozzle and the pressure of water will there- 
fore be regulated in each particular case accordin 
to the circumstances. It will generally be foun 
best however to arrange for a maximum supply and 
pressure. If it is necessary to make any changes in 
the supply it can be regulated from the distributor. 
It is generally calculated that with a fall of half an 
inch to the foot will require 7 cubic feet of water to 
work ] cubic foot of gravel. 

(To be continued.) 





NOTES ON GAS MAKING.—No. X. 
By R. H. Patrerson. 
Iy wat Form Dogs THE “‘ SULPHUR” EXIST ? 

As a sequel to my last “‘ Note” on the sulphur 
question, there is one point, and asa matter of science 
a highly interesting one, which remains to be 
noticed. An opinion generally, if not universally, 
prevails that it is still impossible to extract the 
who/e of the sulphur —that a small residuum of this 
impurity must still remain in the gas even under the 
most successful processes for extracting it at present 
in use, As regards the public, the correctness or in- 
correctness of this opinion is of no importance what- 
ever; for if the gas supplied to the public contain 
no more than four or five grains, as it has been practi- 
cally demonstrated can be done, and has been done by 
the Companies, there certainly will be no complaints 
made, But in connexion with the science of gas 
purification, the question is a very interesting one, 
and worthy of elucidation. 

Along with this prevalent belief as to the impossi- 
bility of entirely extracting the sulphur, there exists 
another and quite different one, namely, that some 

rtion of the sulphur in coal gas exists in a form or 
orms not yet known to chemists, And this second 
belief is based chiefly upon the first one, viz.,’ that a// 
the sulphur cannot be extracted—the inference being 
that some portion of the salp ur exists in this un. 
discovered form. It is now acknowledged that if 
the alkaline sulphides be employed according to my 
process, the whole of the bisulphide of carbon can be 
extracted, therefore those who maintain that the 
rey or cannot be wholly extracted are compelled 
to bold that a portion of the sulphur exists in some 
other form than CS,, and also in such a form as 
cannot be extracted b any known process. 

The subject which t here propose to deal with, 
therefore, gives rise to three questions: What are 
the grounds for believing that some ion of the 
po die exists in an unknown form? Secondly, 
assuming that such is the case, what is the form or 


forms in which this sulphur is likely to exist? Thirdly, 
whether such unknown compounds exist or not, is 
it the fact that they defy extraction by any of the 
otherwise successful processes now in use? In other 
words, is it the fact that the sulphur (in whatever 
form it may exist) cannot be wholly extracted in 
the practical operations of manufacture ? 

I shall take the last of these questions first, not 
only because it is the one of chief practical im- 
portance, but also because it is this assumed im- 
possibility of extracting the last grains of sulphur 
which forms the main ground for the belief in the 
existence in coal gas of some as yet undiscovered 
compounds of this substance. 

Until recently I shared in the prevalent opinion 
as to the impossibility of extracting the last few 
grains of sulphur, at least as a manufacturing opera- 
tion, nor can I yet affirm with confidence that it is 
wrong. But I now feel assured that, as the case at 
present stands, there is not a particle of fact 
or of well-grounded reasoning for entertaining this 
opinion, otherwise than merely as a speculation or 
conjecture. Indeed'I think that it is not only 

ssible, but probable, that this opinion will prove to 

a mistake, similar in character, although lesser in 
degree to the others, now exploded, which have pre- 
vailed in connexion with this long-doubtful branch 
of gas purification. 

‘*It is to be remembered,” said Dr. Odling in 
1872, ‘‘ that there was a time when it was 
doubted whether the sulphur (other than sul- 
phuretted hydrogen) existing in coal gas was sul- 
phide of carbon at all.” And after this point was 
clearly settled, indeed until quite recently, it was 
further doubted, if not wholly disbelieved, that 
alkaline —— (or, I may add, anything else) 
could be efficiently employed to extract this im- 
purity from coal gas. Although some of the 
alkaline sulphides, notably sulphide of potassium, 
had been found by Berzelius to act as absorbents 
of CS, in laboratory experiments, and when the 
CS, was operated upon dy itse/f—but with no 
reference to gas manufacture, and under widely 
different circumstances from those of gas purifica- 
tion—it was believed, and for years continuously 
affirmed, even by the most eminent chemists 
in this country, that no such seeuhe could be 
obtained when these substances were employed in 
gas purification. Sulphides both of calcium and 
of ammonium had been tried for this p , on 
the suggestion of Hawksley, Letheby, and others, 
and had always failed. At the instance of Messrs. 
Wood and Barrett, a trial was made at the Bow 
Common Works in 1866 with sulphide of calcium ; 
but as no one at that time even know how to 
produce this substance in gas works, it was im- 

orted from a distance into the works in the 
orm of ‘soda waste;” and as the result of a 
protracted trial of this material, Mr, Harris, the 
manager of the Bow Works, reported to the Gas 
Referees in 1869 that it was ‘‘ Not any good.” 

Finally, so late as April, 1872, a month after I 
had made public my new lime process, Mr. V, 
Harcourt, in a lecture at the Royal Institution 
stated in the most confident manner that lime in 
any form was quite incapable of effectually removing 
the bisulphide of carbon. In fact, the various 
failures in the attempt to employ the alkaline sul- 
phides in gas purification created little or no 
surprise; for it isa well-known fact in chemistry 
that a substance which may be readily absorbed 
when presented to the absorbing agent dy itsel/, i.e., 
without admixture, may almost entirely resist 
absorption when admixed with other substances, 
and especially when (like CS, in coal gas) it exists 
in the admixture only in a minute quantity—a cir- 
cumstance of + import in gas purification, as was 
clearly pointed out to the Gas agers’ Associa- 
tion and earnestly enforced by Dr. Odling in 1868. 
Accordingly, as recently acknowledged and affirmed 
by Dr. Stevenson, of Guy’s Hospital, and Gas- 
examiner for St. Pancras, down to 1872, “it was 
wholly unknown to gas engineers and chemists that 
in the complex processes of gas purification, the com- 
bination of sulphide of calcium with bisulphide of 
carbon could be effected in such a manner as to con- 
stitute an efficient and reliable process for arresting 
the bisulphide of carbon or the ter of it,” 
Nevertheless, as now known, the whole and sole 
defect or cause of failure, lay sof with the material, 
but in the then existing ignorance of the proper 
method of employing it; no attention being then 
paid to the chemical reactions produced by the 
carbonic acid in the gas, which, by desulphurating 





the alkaline sulphide (imported into the works), not 


merely-rendered it useless for.absorbing the bisul- 
phide of carbon, but thereby put more 
sulphur (in the form of sulphuretted Soleegen) into 
the gas than the gas itself contained! A similar 
failure attended the repeated —— to employ 
the sulphide of ammonium contained in gas liquor, 
but in this latter case the mistake was greater and 
twofold: because the originators of these attempts 
or experiments (Hawksley and Letheby, followed 
by various gas engineers) not only did not know 
how to employ the material (i.e, by first depriving 
the gas of its CO,), but actually they were not 
operating with the right material—they did not 
know, and mistook the nature of the material with 
which they worked. Ignoring the carbonic acid in 
the gas, and which is absorbed along with and in 

reference to the SH, by the gas liquor, they be- 
ieved that they had got sulphide of ammonium, 
whereas they had merely got a portion of that sub- 
stance in the liquor, largely intermixed with the 
wholly inert carbonate of ammonia. 

It was in this way that the erroneous belief arose 
and long prevailed as to the uselessness of the alkaline 
sulphides in gas purification—the defect being not in 
these materials but in the ignorance of the chemists 
and gas engineers (1) as to how to produce or obtain 
them, and (2) as to how to employ them. On the 
other hand, since. I showed how these materials can 
be produced perfectly pure in gas works, by the mere 
action of the gas itaolf, and also how to afford play 
to their operation on the bisulphide of carbon by 
excluding the destructive COs, the es 
efficiency of these alkaline sulphides is fully 
acknowledged, as well as the ease and simplicity 
with which they can be produced and applied in 
gas works, 

But—reverting to the main question—it is now 
said, ‘ Although we now know and have found 
that these alkaline sulphides will efficiently extract 
the bisulphide of carbon from coal gas, we are not 
yet able to extract the whole of the sulphur; and 
therefore we believe that the sulphur must exist to 
some extent in some other form than bisulphide of 
carbon, and in one which no ee process is 
capable of removing.” In 1874 I held and expressed 
the opinion contained in the first part of the above 
statement or proposition, viz. that probably an 
infinitesimally small portion of the sulphur exists 
in some other combination than that of bisulphide 
of carbon, and I also suggested what this other 
combination might be; adding, however, that even 
if such other sulphur compound actually existed 
in the gas, it was nevertheless possible that i also 
might be capable of absorption by the pure alkaline 
sulphides as produced and employed in my new 
processes of purification, My remarks at that time 
were as follows : 

‘* Any oneof the above described forms in which my process 
is' applied is perfectly mate to purify coal gas from 
the bisulphide of carbon. It appears to me, however, that 
a trifling portion of the sulphur impurity may possibly 
exist in another form. nearly all my : 
ments I have found that from two to three grains of 
the impurity still remained in the gas; and the best result 
which obtained was a reduction of the sulphur to half a 
grain. [On referring to my memoranda, I find that on one 
occasion the sulphur was xl, and on another .3 of a grain. ] 
An ample and perfect perm of my processes may 
possibly remove this s residuum of sulphur; but it 
— to me a = - as I omens ¢ — been the 

8 at 16 ma exist in a form never 
yet obtained a in the = dae meng and which, if it does 
exist, would be very difficult to remove, namely, as CS— 
the analogue of CO, or carbonic oxide. My processes will 
remove CS, as certainly as alkalies will remove CO, ; but 
no practicable process yet been found for amater | 
CO from coal gas, and probably a similar difficulty woul 
be encountered if sueh a compound as CS really exists and 
is present in coal gas.*’’ 

This opinion that the alkaline sulphides, as em- 
ployed by my process, “will remove CS, as 
effectually as alkalies will remove CO,,” has subse- 
quently been acknowledged fotidem verbis as correct 
by Mr. V. Harcourt, at least, as regards one of those 
similar materials, viz., sulphide of calcium. And 
this statement on his part is all the more striking 
and worthy of note, because Mr. Harcourt had 

reviously, and shortly after I made public my new 
=“ process, pledged his authority as a gas chemist 
to the very opposite opinion. In a lecture on sul- 
hur purification, which he delivered at the Royal 
itution on 19th April, 1872, after speaking of 
lime and oxide of iron employed in gas purification, 
he said: ‘But the sulphur existing in the form of 
carbon-bisulphide is not arrested by these agents, 


* Vide my treatise on “Gas Purification in London.” 
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nor is there at present any material or process known 
by which it can be effectually removed.” But 
recently, in a lecture delivered before the Society 
of Arts on the 19th of March last, he stated that 
lime employed by my process will ‘‘ wholly remove 
the bisulphide of carbon.” ‘I believe,” he added, 
‘¢ this removal can be effected almost as completely 
by the action of — of calcium as that of 
carbonic acid or sulphuretted hydrogen by the 
agency of clean lime.” This change of opinion, and 
frank acknowledgment of error, in face of the evi- 
dence of accomplished faets, ought to be a caution 
to those persons (of whom there are still many) who 
are too ready to dogmatise as to alleged impossi- 
bilities in gas purification. 

The experiments above referred to, and which I 
made in the opening months of 1872, were directed 
to ascertain the efficiency of the alkaline sulphides 
and other substances, when properly applied, for 
reducing the ‘‘ sulphur” in the gas, but I did not 
extend the experiments with the view of determining 
whether or not they were capable of removing the 
last traces of this impurity in whatever forms it may 
exist. Nor, so far as I know, have any experiments 
yet been made directly for this purpose, unless some 
of those made by Mr, Harcourt, and referred to by 
him in his lecture to the British Association of Gas 
Managers in 1875, were of this character. As there 
stated, the purifying materials used in those e i- 
ments were such as operate upon er e of 
carbon, but, so far as known, upon CS, only. 
Nevertheless, he thereby reduced the sulphur—the 
total amount of it, in whatever forms it may exist, 
to about one grain—the results which he mentions 
being respectively 1.6, 1.4, and .8 of a grain. Now, 
such results, so nearly complete, certainly do not 

7 se warrant the conclusion that the sulphur exists 
in some other, and unknown, form than bisulphide 
of carbon. The small residuum may well be owing 
merely to the exceptional difficulty which attends the 
extraction of the last traces of this particular gas 
impurity, as I shall proceed to show. 

Ties already referred to the well-known chemical 
fact that a substance which is readily absorbed when 
presented alone (i.¢., byitself) to the absorbing agent, 
always and necessarily proves far more difficult of 
absorption when it is mixed to any extent with 
another substance ; and if it exist only in a minute 
quantity in the mixture, the difficulty of absorbing it 
may become well-nigh insuperable. The affinity 
between water and ammonia is quite remarkable, 
one cubic inch of water being capable of absorbing 
780 cubic inches of ammonia-gas; and if the 
ammonia-gas be presented by itself to water, the 
absorption will take place instantaneously. On 
the other hand, as Dr. Odling showed to the Gas 
Managers’ Association in 1868, when the ammonia 
was mixed with 75 percent. of coal gas, the absorp- 
tion of the NH, by the water was hardly completed 
during the pale: of the lecture; and when he 
operated with only a few grains of ammonia in the 

as, the difficuty of absorption became very great. 
us, said Dr. Odling, ‘‘the mere passage of any 
gas over a considerable extent of water surface will 
not be sufficient to cause its soluble impurities to be 
taken up, but that long contact or considerable 
agitation with the water is required.” After giving 
another illustration of the same difficulty, he said : 

** This shows how very difficult it sometimes is to remove 
small proportions of ammonia, not only by a substance like 
water, in which it simply dissolves, but even by sulphuric 
acid, with which it enters into chemical combination. And 
this is true, not only of ammonia, but of all other im- 
purities of coal gas: when they are reduced to small 

uantities, it is most difficult to get rid of them entirely. 

e nearly pure gas requires to come into most intimate 
contact with the several absorbent substances employed 
for a considerable length of time in order to become entirely 
freed from impurity.’’* 

Inthese words of thiseminent chemist, the principle 
of the present question is clearly set forth. The 
difficulty of extracting the last grains of ammonia 
is the nearest, but is a very inadequate illustration 
of the present phase of the Sulphur-difficulty. Only 
& few years ago it used to be pretty generally held 
that, whether possible or not, it was not practicable 
toremove the whole amount of the ammonia. In the 
Referees’ Report on Ammonia Purification, dated 
June 1, 1871, I drew attention to this difficulty, 
and also to a great mistake of opinion then prevalent, 
which had arisen owing to the circumstances not 
being owe f perceived. Although the Referees 
had early fixed the ammonia-maximum at five grains 
per 100 ft. of gas, any transgression of which would 





* Lecture before the British Associati of 
Managers, June 2, 1868. — - 





penaltics 


render the re Or] liable to the hea’ , 
ct ore the 


imposed by the of 1868, it was long 
London companies could avoid such transgressions, 
Indeed the Blackfriars Works, under the skilful and 
painstaking management of Mr, Mann, were the only 
and a very remarkable exception—the gas from these 
works, from the outset of the official testings, bei 
absolutely free from ammonia. The companies 
more than a year’s time to perfect their ammonia 
purification, to such extent at least as to enable 
them to keep that impurity below five grains ; and 
yet, when the official testings began in the autumn 
of 1869, even the chief gaswork of the Chartered 
Company (the Westminster station) under the 
special control of Mr. F. J, Evans, could not ob- 
serve the maximum. During the first four weeks 
the ammonia, on every day but one, wasin excess of 
the maximum, averaging 6} grains and rising to 
84 grains. At the Curtain-road works of the same 
company the state of matters was much worse, the 
ammonia averaging 11} grains and rising to no less 
than 20 grains! In fact, the ammonia at those 
works was at that time larger in quantity than the 
‘‘sulphur” now is in some of the works of the same 
and other London companies. Nevertheless there 
was no real difficulty beyond that which has — 
been known to chemists, and which has been already 
stated in the extract from Dr. Odling’s lecture, viz., 
the difficulty of absorbing the last traces of any 
substance diffused throughout an immense mass of 
alien matter. 

This, and no other, I believe is the difficulty 
which is found in extracting the last few grains of 
sulphur from coal gas. It is merely the ammonia 
diffeulty repeated in a worse form. Since there is 
a difficulty in removing the last grain or two of a 
substance like ammonia, which has so remark- 
able an affinity for the purifying material employed 
Cee it is only natural that a similar and greater 

ifficulty should be experienced in absorbing the 
last few grains of bisulphide of carbon, This kind 
of sulphur is, first of all, by far the smallest of the 
gas impurities in bate fF other words, it is 
much more largely iffused throughout an alien sub- 
stance, and therefore more difficult to be oe 
upon, Secondly, of all the gas impurities the CS, 
has the weakest affinity for the purifying agents 
employed, viz., the alkaline sulphides. As Dr. 
Odling says: ‘* The act of combination of bisulphide 
of carbon with sulphide of calcium is more slow and 
gradual than the act of combination of the other 
impurities in crude gas with the several agents used 
to absorb them ; so that, to effect a corresponding 
degree of purification, the gas requires to be kept in 
contact with the purifying material for a longer 
time.” But there is no doubt whatever that it can 
be wholly extracted, Indeed, as Mr. V. Harcourt 
has stated, the CS, can be almost as effectually 
removed from coal gas by sulphide of calcium 
as CO, and SH, are removable by fresh lime. All 
that is wanted is a sufficiently prolonged or effec- 
tive exposure of the gas to the purifying agent— 
exactly as iis the case with the last traces of am- 
monia. 

I need not refer again to the laboratory experi- 
ments of myself, and recently of Mr, V. Harcourt— 
experiments not directed to ascertain whether it is 
possible to extract the whole of the sulphur, but 
simply to test the efficiency of the alkaline sulphides 
in gas purification—but which nevertheless in one 
instance removed the whole of the sulphur, and in 
several instances left only a fraction of a grain in 
the gas. But I may refer to the official testings of 
the Gas Examiners to show what has actually been 
done in this respect on a manufacturing scale, in 
some of the large London gas works. For example, 
at the Bow Common Works, in the summer of 1872, 
shortly after I made known my invention, the sul- 
phur in each 100 ft. of gas, as shown by the daily 
official testings, was as follows: 








Sulphur in the Gas. June. | July. | August. 
Minimum one ove op 2.2 2.2 3.8 
Maximum ose ia «| 10.6 5.6 10.8 
Average ... - a wil | 45 4.4 6.7 











Here, then, it is demonstrated (1) that in what- 
ever form the sulphur does exist, it can be reduced 
to an average of bd rary and (2) that as on several 
days it was reduced to 2.2 grains, it is obvious that 
if any portion of the sulphur exist in another form 
than CS,, and such as cannot be extracted by the 
alkaline sulphides, this portion must be a very small 





one indeed. In truth, these results, together with 
the laboratory experiments, render it unnecessary at 
present to conjecture the existence of any ion of 
the sulphur in an unknown and unextractible form. 
It may 80 exist, but we are not as yet forced to this 
conclusion by the facts of gas-purification. At the 
Bow Common Works only two lime purifiers (supple- 
mented by three of oxide of iron) are employed, 
while the gas make is from 100,000 ft. to 120,000 ft. 
per hour. And since the sulphur at these works 
can be reduced to an average of five grains for 
consecutive months, and on some days to only two 
grains, it is a most probable inference that with 
equal care and the employment of an additional 
lime purifier the whole of the sulphur would be re- 
moved, 

I may conclude this portion of my subject by ex- 
pressing my opinion (1) that, whether or not any 

rtion of the ‘‘sulphur” exist in some unknown 
orm, so far as the facts of gas purification are con- 
cerned, these do not at present of themselves warrant 
the belief that the sulphur exists in any other form 
than CS, ; (2) still less that this other form of sulphur 
is not extractible by the alkaline sulphides ; and (3) 
that if any such unextractible portion of sulphur 
exist, it is manifestly so small as need not be taken 
into practical account, The public will not complain 
of 10 grains of sulphur in their gas, but, were it 
requisite for the satisfaction of the public, 1 am 

uite sure that there is no real difficulty in gas manu- 

acture to keep down the sulphur to an average. of 
even half this amount; and I am confident that this 
will soon be accepted as a recognised fact in gas 
purification, 

The remaining conjectural part of the subject, 
viz., the probable form or forms in which sulphur 
may exist in coal gas in other shape than SH, and 
CS, I shall reserve for a future article. 





THE SMITHFIELD CLUB SHOW. 

THE annual show of the Smithfield Club has but 
rarely been marked by the introduction of any 
striking novelty in agricultural engineering, and this 
year’s gathering at the Agricultural Hall forms no ex- 
ception to the general rule, for although the exhibits 
are as numerous as ever, and certainly not wanting 
in interest, there is a decided scarcity of striking 
features, and of machines or implements which can 
really be called novel. Notwithstanding this, how- 
ever, there are numerous exhibits worthy of special 
notice, and there are certainly no signs of our agri- 
cultural engineers slackening in the energy which 
has earned them their present position. 

PORTABLE AND FIxeD ENGINES. 

No one who has regularly attended the chief 
agricultural shows during the last few years can 
have failed to notice the steady advance which has 
during that time been made in the introduction of 
self-moving engi We have ourselves long held 
that it is only a question of time for self-moving 
engines to replace ordinary portables, as completely 
as the latter have themselves replaced the stationary 
engines and fixed barn work of the early days of 
agricultural suaiunacing, and year by year we find 
this state of affairs steadily approaching, It, in fact, 
only needs a stroll round the exhibition now being 
held at the Agricultural Hail to show the hold which 
self-moving eugines have alréady obtained, such 
engines being exhibited by nearly all the leading 

rs of portables, 

Starting at the north-west corner of the Hall, we 
find at the stand of Messrs, John Fowler and Co., 
of Leeds, three engines, namely, a fourteen-horse 
ploughing engine aud an eight-horse and a six-horse 
traction engine. In all these engines the plummer- 
blocks of the crank and intermediate shafts and of 
the hind axles are fitted into the wrought-iron plates 
forming the brackets or frame, these plates being 
bored and the various plummer blocks having cor- 
respondingly turned projections fitting into the 
plates. In the case of the eight-horse traction 
engine the boiler is made of steel, the barrel being 
formed of a single plate and the longitudinal joint 
being double-rivetted, This boiler is exhibited un- 

. Both the traction engines, also, are fitted 
with hauling drums carrying 50 yards of rope and 
mounted on the differential gear on the plan intro- 
duced by Messrs, Burrell last year and noticed by 
us at the time. This arrangement is a very neat 
and handy one, the drum taking up very litile room 
and involving no complication. By the aid of such 
a hauling drum an engine can pull itself and its load 
successively up a steep incline or out of a difficult 
place where it might otherwise be brought toa 
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stand. The workmanship of Messrs. Fowler's en- 
gines is, we need eamesly say, fully up to their 
usual excellent standard. 

Before leaving Messrs. Fowler's stand we should 
say a few words of two models which are worthy 
of notice. One of these represents a discer for 
cultivating newly reclaimed land after ploughing. 
This implement is also useful on mossy or weed 
pasture land, as it-pulverises the top soil to a dep 
of 5 in. and leaves the turf at the bottom, while on 
stiff clay lands it is found to serve as an advanta- 
geous substitute for a harrow or grubber. The 
other model represents Decauville’s portable tram- 
way, which we had occasion to notice favourably 
in the course of our account of the Liverpool meet- 
ing of the Royal Agricultural Society. The manu- 
facture of this tramway in this country has been 
taken up by Messrs. Fowler, and we expect it will 
come largely into use, The details of these minia- 
ture railways and their rolling stock have been capi- 
tally worked out. 

Next to Messrs. Fowler and Co. are Messrs. Clay- 
ton and Shuttleworth, who as usual exhibit a hori- 
zontal engine of exceptionally beautiful finish, The 
engine this year is a small one—a four-horse—and it 
combines in its design the features of engines shown 
by Messrs. Clayton and Shuttleworth on former 
occasions. ‘Thus it has a bedplate provided with 
legs which raise it considerably above the floor 
level, and in this respect, as well as in others, it 
greatly resembles the engine which these makers 
exhibited in 1874, and which we illustrated at the 
time (vide pages 462, vol. xviii.). 








The chief novelty at Messrs. Clayton and Shuttle- 
worth’s stand is their straw-burning engine, of 


which we this week give engravings on page 452 ; 
Figs. 1 and 2 showing the engine arranged for burn- 
ing straw, while Figs. 3 and 4 show it being fired 
with coal, and Figs. 5 and 6 as arranged for burning 
wood. Referring to these illustrations it will be 
seen that the engine is provided with a kind of sup- 
plementary firebox, this firebox being about half 
the height of the main firebox and joining the 
latter asshown. The supplementary firebox with its 
casing has an elliptically arched top, the crowns of 
the supplementary firebox and casing being stayed 
together like the firebox sides. The supplementary 
firebox is provided with a deep ashpan, and when the 
engine is arranged for burning straw or coal the 
two fireboxes are separated by a bridge as shown in 
Figs. 2 and 3. It will be noticed from these figures 
that for either of the fuels mentioned the supplemen- 
tary firebox only is fitted with a grate, the grate 
used for straw-burning being of peculiar construc- 
tion, as shown in Fig. 2. From this section and the 
plan of the grate annexed to it, it will be seen that 
only one firebar in three is long, the remaining bars 
only extending about half the length of the firebox. 
The bars, too, are so shaped that for about one-fourth 
of the length of the firebox they come close together, 
then comes a short length having s 
to the thickness of the bars, while finally there is the 
portion of the grate formed by the extension of 
every third bar, the air spaces here being of course 
very wide. The firehole, it will be noticed, extends 
nearly the whole width of the firebox, while the 


s about equal . 








door used when burning straw is arranged so that 
it can be readily opened by the pressure of the foot 
on a treadle, and an inclined trough leading from 
the ground up to the firehole is provided to facili- 
tate the feeding in of the straw. e modified form 
of grate for burning coal will be readily under- 
stood on reference to Figs. 3 and 4, while when 
wood is the fuel used the bridge is removed, and 
the grate transferred to the firebox proper, as shown 
in Figs. 5 and 6. In this latter case, as will be seen, 
a long dead plate is formed at the bottom of the 
supplementary firebox. We have not seen Messrs. 
Clayton and Shuttleworth’s straw-burner at work, 
but we hear that the arrangement answers well. 
From a report of a trial of one of these engines 
carried out in August last year by Professor T. F. 
Radinger, of Vienna, we quote the following par- 
ticulars: ‘The engine was of ten-horse power of 
your usual make, the boiler had 34 tubes, 2 in. in- 
ternal diameter, and a total;heating surface of about 
189 square feet. Thestraw was burned in a furnace 
30 in. long by 373 in. wide, from which the flames 
entered over a bridge into the firebox of the boiler 
and only from thence into the tubes. The furnace 
itself consisted of a simple plate-iron box lined with 
firebricks,* and the firing took place by hand with- 
out any tools. The weighing of the straw was un- 
dertaken by one without the assistance of any other 
person. At 10.33 a.m. firing commenced, At 11.26 
10 lb. steam pressure, with a consumption of 87 Ib. 
of straw. At 12..m., 64]b. steam pressure, with 

* The only firebricks in the furnace were those forming 
the bridge. 
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an additional consumption of 65 lb. straw. A brake 
was then put on the flywheel of the engine, which 
ran regularly with uniform firing of straw at 122 re- 
volutions per minute, and carrying a weight of 
196 lb. hung on a radius of 3643in. The actual 
duty performed is 14 horse power. To perform 
this duty 176 Ib. of clean straw were burned during 
one hour, the boiler being kept fed in the ordinary 
manner, and water level and steam pressure kept 
constant. The consumption of straw per horse 


power per hour is calculated as follows: 176. 


14 
12.42 lb. of straw per horse power per hour.” Be- 
sides the engines already noticed, and a portable of 
their regular type, Messrs. Clayton and Shuttleworth 
are, like other leading makers, also the exhibitors 
of a six-horse traction engine, this engine being 
fitted with the steering gear which we illustrated on 
page 25 of the present volume. 

Next come Messrs. Burrell and Sons, of Thetford, 
who are represented by two well-finished traction 
engines, but who do not this year appear to have 
brought out any novelties, while adjoining them is 
the stand of Mr. Savage, of Lynn, who exhibits 
one of his steam ploughing engines in which the 
driving wheels form the rope drums, these wheels 
being lifted clear of the ground when the engine is 
working the ploughing tackle. We have already 
described Mr. Savage’s arrangement, and we need 
only remark here, then, that besides the special ar- 
rangement of the rope drums there are many neat 
points of detail about the engine worth examination. 














Next comes Mr. Allchin, of Derby, who, however, 
has nothing new this year, while next we find a firm 
who now make their first appearance at a Smith- 
field Show, namely, Messrs. J. and H. McLaren, of 
Leeds. The engine shown by Messrs. McLaren is 
an eight-horse, of the same type as the six-horse 
traction engine exhibited by them at the Liverpool 
Show of the Royal Agricultural Society last summer, 
and described by us at the time (vide pages 37 
and 68 ante), its leading feature being that the cy- 
linder and the brackets carrying the crankshaft 
lummer blocks are connected ty wrought-iron 
rames, the cylinder being free to slide on the 
boiler to allow of the expansion of the latter. All 
the gear is of steel, and the excellent workmanship 
and finish of Messrs. McLaren’s engine deserves 
special notice. Messrs. McLaren, we may mention, 
are now making all their engines with two speeds, 
the pinions for changing the speeds being shifted by 
two levers working on a catch plate, and by a 
simple knee forged on one lever it is rendered im- 
— to put both pinions on gear at the same time. 

essrs. McLaren have also, we notice, adopted 
the use of a long-stroke pump worked from the 
crosshead instead of the short-stroke pump previousl 
employed. The engine exhibited is also fitted wit 
a rope drum on the main axle for hauling the engine 
or its load out of a bad place. 


Messrs. Davey, Paxman, and Co., of Colchester, 
who come next, show several examples of their neat 
vertical engines which we have already noticed in 
this journal, and also a portable engine of their regular 





IN CALIFORNIA. 


type, but fitted with Petzold’s operon, 25° 8:5. 
apparatus. This apparatus, which appears to have 

ready obtained a considerable reputation in Ger- 
many, is shown by the sketch annexed. From this 





sketch it will be seen that the base of the chimney 
is fitted with an inner tube which is perforated as 
shown, the space between this perforated tube, and 
the chimney base forming a chamber into which a 
portion of the exhaust steam is led by a branch 
from the exhaust pipe. The portion of the exhaust 
steam thus drawn off is of course — into 
the chimney through the perforations in the inner 
tube, and the effect of this is stated to be the com- 
plete prevention of the discharge of sparks eveu 
when peat fuel is used, We have not ourselves 
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seen the a tus in action, but it appears 
probable that it will form an efficient spark arrester ; 
we are, however, somewhat doubtful re ing its 
effect upon the draught. If not objectionable in 
this respect the contrivance will prove valuable, 
for an arrangement which will efficiently stop 
sparks, and at the same time not spoil the draught, 
is decidedly wanted, icularly for use in countries 
where wood or peat fuel is used. 

Messrs J, and F. Howard, of Bedford, occupy 
their usual corner of the Hall, and exhibit their 
‘* farmer's engine,” which we have already described, 
and in which we) do not notice that they have made 
any modifications, xt come Messrs. Aveling and 
Porter, of Roch are as usual represented 
by two engines, one being exhibited with the 
boiler unlagged to show workmanship, which is 
excellent. Messrs, Aveling and Porter’s engines are 
of their regular —patterns which have now 
been well tested, and in which they do not, for 9 

resent at least, to find anything to modify. 

essrs. Holmes, ot Norwich, Messrs. Eddington, of 
Chelmsford, and the Iron Works Com- 
pany, are also all represented by engines of their 
regular types, and so also are Messrs, Ransomes, 
Sims, em ead, of Ipswich ; theirengines, however, 
showing many minor improvements in detail. This 
latter firm exhibits besides portables, a six-horse 
ete traction engine of the type which they 

rought out at the Liverpool Show last summer. 
We hope shortly to illustrate this neat little engine, 
and we do not propose therefore to add anything 
here to the iculars which we have already 
given of it. The 14-horse portable exhibited by 
Messrs. Ransomes.is worthy of notice. It is fitted 
with ex ion gear, the working parts are 
thoroughly balanced, and the details generally are 
well considered. 

Messrs. E. R. Turner and Co., of Ipswich, are 
this year the exhibitors, amongst other things, of 
a new pattern of horizontal engine to which they 
have given the name of the “ Gyppeswicke” engine, 
and of which we give a perspective view on page 
457 of the present number. This engine, which is 
of exceedingly neat design, is an adaptation of the 
type of vertical éngine which Messrs. Turner 
brought out at the Birmingham Show last year and 
which we illustrated on page 466 of our twenty- 
second volume. the frame being simply turned down 
from the vertical to the horizontal position, the 
arrangement of governor being modified to suit 
this change of position, and three supporting stan- 
dards being added, as shown by our engraving on 
pase 457. ‘This governor, in which the ball-arms are 
oaded by a hollow ‘spherical weight which encases 
them, was illustrated in detail on the occasion 
already referred to. and ‘we need only say. there- 
fore, that it acts on a combined stop and throttle 
valve of the equilibrium type. The feed pump, 
it will be noticed, is neatly arranged below the 
crankshaft, and the whole design is a very symme- 
trical one. 

Next we have Messrs. Jeffery and Blackstone, of 
Stamford. Messrs. Woods, Cocksedye, and Warner, 
of Stowmarket. and Mes-ra. Ruston, Procter, and 
Co., of Lincoln. all re;re-ented by engines o/ their 
ordinary patterns. Messrs. Ruston’s exhibits in- 
cluding an eight-horse traction enyine of the type 
which they brought out at the last Smithtield Show 
aud which we illustrated and described some months 
ago (vide page 57 of our lat volume). We also 
notice that a portable engine shown by Messrs. 
Ruston is not only provided with a tank over the 
fore-carriage, as was the case with an engine exhi- 
bited by them on a previous occasion, but also with 
a steam jet elevator for fillmy this tank similar to 
those used on traction engines. When a portable 
engine has to be worked within a moderate distance 
of a stream or pond this arrangement will be useful. 
Messrs. Ruston also exhibit a small horizontal en- 
gine as a specimen of highly fin'shed workman- 
ship. 

We now come to the stand of Messrs. Tangye 
Brothers, of Birmingham, whose new type of hori- 
zontal engine forms one of the few novelties of. the 
Show. Itis now eight years since, at the Smithfield 
Show of 1869, Messrs. Tangye brought out their 
type of horizontal engine which is now so well known, 
and by so doing. showed that it was possible to pro- 
duce a cheap engine, and at the same time avoid the 
crude designs which were then generally in fashion. 
That there was any great novelty in Messrs. Tangye’s 
design mye be one hav it ae the oe 
points of designs whi viously been y 
applied to small engines, and that its introduction 








had a material effect on the builders of such engines 
cannot be doubted. The new pattern of engine 
which Messrs. Tangye have now brought out, and 
to which they have given the name of the ‘‘ Soho” 
engine, differs from their former type in being self- 
contained, both the crankshaft bearings being carried 
by the bedplate. We regret that we are compelled 
to defer until next week the publication of engrav- 
ings of this engine, and we therefore propose to 
also defer our detailed description of the design. 
We may, however, mention that the connecting rod 
and valve spindle are of cast steel of I section, that 
the bearing surfaces are all very large, and that 
Messrs. Tangye had adopted the neat plan (which 
they have, we believe, patented) of interposing be- 
tween the engine-bed and its foundation a zinc plate 
dished down under the crank so as to form an oil 
catcher, this zinc plate serving also as a template for 
the erection of the foundations. 

Adjoining Messrs Tangye is the stand of the 
Reading Iron Company, who this year, in addition 
to engines of their usual pattern, exbibit a traction 
engine for the first time. The Reading Iron Com- 
pany also show a short line of shafting fitted up 
with Mackies’ wrought-iron spring pulleys, of one 
of which we annex an engraving. will be seen 
the pulley consists of a wrought-iron rim connected 





by arms, also of wrought-iron, with a cast-iron boss, 
this boss being made in two s. The rim is left 
open at one point to allow of the pulley being placed 
on its shaft, and this being done, the two halves of 
the boss are bolted together and the rim closed. 
These pulleys are very light and strong, and have a 
neat appearance. 

At the stand of Messrs. Marsball, Sons, and Co., 
of Gainsborough, one of the chief features this 


zontal engine of a new type which the firm have 
just brought out. This engine, which we hope to 
illustrate shortly, belongs to a higher class than 
small engines generally, and it is worthy of special 
examination. The cylinder is well steam-jacketted, 
the bearing surfaces are all unusually large, and the 
engine is fitted with Mr. Hartnell’s automatic ex- 
pansion gear, which we illustrated on page 474 of 
our twenty-second volume, an arrangement which 
Messrs. Marshall are now applying to most of their 
fixed engines. The frame is of the Corliss type, 
and is of very neat design. The crosshead guides 
are bored out, and the crosshead blocks fitted with 
adjusting wedges. We have had some experience 
with Mr. Hartaell’s automatic cut-off gear, and 
we have found it exceedingly sensitive and prompt 
in its action, while as applied to the engine 
now under notice, it forms an exceedingly neat 
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year is an exceedingly well finished ten-horse hori- | 


bolted between the lower edges of this plate. The 
remainder of the under-gear is formed of channel 
irons bent as shown, and the whole is a very strong 
and at the same time light and neat arrangement. 

Messrs. P. and H. P. Gibbons, of Wantage, are 
the exhibitors of a very neat pattern of horizontal 
engine fixed on the same bedplate as a vertical 
boiler, this engine being fitted with a new type of 
elliptic governor, of which and of the engine we 
propose shortly to publish engravings. The design 
of the engine includes several very neat points of 
detail, but these can be better described when we 
publish the illustrations. 

Messrs. Brown and May, of Devizes, and Messrs, 
Foster and Co., of Lincoln, are both represented by 
engines of their ordinary t: , but at the stand 
of Messrs. Robey and Co., of Lincoln, we find in 
addition to traction and portable engines of their 
regular patterns, a new design of vertical engine, of 
which we give a perspective view on page 457. This 
engine is independent of the boiler, and has a stan- 
dard or frame of neat design, and well spread at 
the bottom, where it is bolted to the base-plate. 
The upper end of the standard forms the bottom 
cylinder cover, while the main crank bearing is cast 
in one piece with the standard, the latter thus taking 
all strains due to the working of the engine. The 
crank disc is forged in one piece with the crank- 
shaft, thus enabling its thickness to be reduced, and 
the main bearing and the centre line of the valve 
r oes « be —— nearer to the centre line of 
the cylinder. e base-plate carrying the engine 
and boiler forms a good Sater tank, while its rays 
shaped so as to form a well for catching oil. The 
engine is fitted with a neat high-speed governor 
acting on an equilibrium valve. ‘The traction engine 
exhibited by Messrs. Robey is fitted with Mackinder’s 
elastic wheels, of which arrangement we give engrav- 
ings on page 453. It will be remembered that 
Messrs. Robey introduced this type of wheel with 
elastic sole five years ago, but in the engine then 
exhibited the desired elasticity was obtained by the 
use of laminated springs. In the wheels of the 
engine at the present Show, the rim is, as will be 
seen from our engravings, fitted with a series of 
india-rubber cushions which are enclosed in hollow 
steel shoes, these shoes being held to the rim by 
wrought-iron keys or “stumps,” so arranged that 
the shoes are allowed to play radially about 7 in. 
The stumps are so arranged that any of the shoes 
can be readily taken off and renewed. 

Next to Messrs. Robey and Co. is the stand of 
Messrs. Wallis and Steevens, of Basingstoke, who 

a a four-horse portable) a traction 
engineof the pattern which we illustrated on page 142 
of the present volume, and which we fully described 
We need only say here, therefore, that 
the design is well worked out, and the engine will 
repay examination. Messrs. Garrett, of Leiston, 
who come next, show a traction engine, and also 
a semi-fixed engine, having the boiler made 


| with the corrugated firebox crown which this firm 


exhibited at the Liverpool Show, and which we 
Ulustrated at the time (vide page 36 of the present 
volume). Messrs. Garrett, we notice, adhere, for the 
most part, to their standard designs, and the same 
may be said of Messrs. Hornsby, Messrs. Barrow and 
Stewart, Messrs. Tasker, and Mr. E. S. Hindley, 
whose stands come next in order, the last-men- 
tioned maker having a collection of his neat little 
vertical engines which we illustrated some time 
since. 

In the galleries of the Hall a number of small 


arrangement. Worked with steam of from 80 lb. | engines are exhibited, but for the most part these 
to 100 lb. pressure these engines may be expected to are of the standard designs of their respective 
give very good economical results, and we are glad | makers, and do not, therefore, require special de- 
to hear that Messrs. Marshal are making special scription. Under this category come horizontal 


arrangements for their manufacture. 


Messrs. Mar- | engines of Messrs. Seekings and Ellery and the neat 


shall also show this year a new pattern of six-horse | vertical engines of Messrs. Hemstead, Messrs. 
traction engine, the cylinder in this case occupy- | Nicholson, and Messrs, Shanks, the latter being of 
ing the usual position on the top of the boiler|/the new type which we had occasion to notice 
instead of being under the smoke-box, as in the | 


engine exhibited by them last year. The design of 
the new sugine includes several special points of de- 
tail, but as we hope to illustrate it shortly we propose 
to postpone our description of it, merely remarking 
for the present that the whole design is very neat 
and well worked out. Another novelty at Messrs. 
Marshall's stand is a very neat wrought-iron under- 
gear or fore-carriage fitted toa portable engine. Of 
this under-gear we give engravings on page 463, 
which will explain the design.’ From the views there 
given it will be seen that the bolster is formed of a 
wrought-iron plate, which is bent in a hydraulic 
flanging press to an inverted U form, the axle being 


| Liverpool Show last summer. 





favourably when they were brought out at the 
Messrs. Waygood 
and Co, also exhibit some compact little verticals, 
in which the cylinder and that portion of the standard 
containing the guide bars are cast in one piece, 
while they likewise show an example of their neat 
horizontal engine which we illustrated on page 456 of 
our twentieth volume, Messrs, Ray, Mead, and Co, 
show a new pattern of vertical engine, contain- 
ing no special features however, while Mr. Dod- 
man, of King’s Lynn, exhibits a neat little vertical 
engine in which the cylinder and standard are 
all cast in one, an exhaust steam chamber being 
formed on the standard and the feed-water being 
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heated by being pumped through a coil contained in 
this chamber. We shall probably illustrate this 
engine shortly, and shall then have more to say about 
it. Amongst the exhibitors of enginesin the gallery 
we must also mention Messrs. Plambeck and Dar- 
kin, who show the ‘‘cosine” governor illustrated 
and described by us on page 99 of our last 
volume, and also one of West’s six-cylinder engines 
of which we gave engravings on page 511 of our 
twenty-second volume. These engines, we are glad 
to hear, are doing well, and we may mention that 
several improvements have been made in their de- 
tails during the past year. Messrs. Wigzell and 
Halsey also show their three-cylinder engine 
which we lately illustrated, and Mr. Turner, of St. 
Albans, exhibits his vertical engine of the type 
which we illustrated on page 435 of our last num- 
ber, the particular engine shown, however, having 
but a single cylinder and being without reversing 
gear. Finally, amongst the exhibits in the gallery, 
we should mention a very neatly designed little 
horizontal engine mounted on the same bedplate 
with a vertical boiler, and exhibited by Messrs. 
F. W. Reynolds and Co., of Southwark-street. 

In the annexe or bazaar adjoining the Agricul- 
tural Hall we find this year but one engine, this 
being Outridge’s ‘‘box engine,” exhibited by the 
maker, Mr. A, P. Postlethwaite, of Egham. This 
engine, which we hope to illustrate shortly, con- 
sists of a cylinder traversed at the middle of its 
length by a crankshaft, two single-acting pistons 
moving in this cylinder and actuating the crank 
within the latter. The slide valves, which have a 
reciprocating rotary motion, are placed on the cy- 
linder covers, the steam passages being very short ; 
there are also some special features about the arrange- 
ment of the connecting rods which can only be well 
explained by drawings. The engine is exceedingly 
compact. 

In the bazaar, too, Messrs. T. H. P. Dennis and Co., 
of Chelmsford, have an excellent collection of their 
fullway high-pressure valves, which we have already 
illustrated in this journal, The mannerin which the 
designs of these valves have been worked out to suit 
them for various purposes is very creditable to the 
makers, while the workmanship of the valves shown 
is excellent, the casings of some of the larger valves 
for low pressures being remarkable examples of gun- 
metal castings. At Messrs. Dennis’s stand we also 
noticed some examples of Portwag’s slow combus- 
tion stoves, which consist of a cast-iron casing lined 
throughout with Stourbridge ware, there being no 
firegrate. The stoves are charged with coke, and the 
charging door and flues are so arranged that no 
products of combustion can escape into the room 
during the act of charging. These stoves are of very 
compact and neat design, and from the long time 
which they will burn without attention they are 
likely to be useful in a number of situations, 


IMPLEMENTS, 


Comparatively few novelties in agricultural im- 
plements are exhibited at the Smithfield Show, 
although the number and quality of entries are ap- 
parently above the average, and nearly all well- 
known manufacturers are present. 

The exhibit of ploughs by Messrs, Ransomes, 
Sims, and Head, of Ipswich, is, as usual, very con- 
spicuous, and their three-furrow plough adapted to 
the English market merits attention. It is the 
pattern of which they manufacture large quantities 
for the corn-growing districts in the east of Europe, 
but in this country, hitherto, double-furrow ploughs 
principally have been used. By using the three- 
furrow plough a considerable saving both in men 
and horses is effected. 

The same firm show a speciality in horse rakes, 
intended to compete with the light and cheap wooden 
framed American rakes, for which a trade has lately 
been found here. Without being so > an 
implement as their more expensive pattern, the cheap 
rake of Messrs. Ransomes and Sims is, at least, as 
efficient as the American type, and has the advan- 
tage of being framed in iron, and being altogether 
morecompact and workmanlike. 

Messrs. W. and C, Woolnough, of Kingston-on- 
Thames, exhibit horse and steam-worked drills, to 
some of which a new steering attachment is added. 
It consists of a vertical shaft set in the frame and 
having a pitched wheel mounted on it, on which 
works a curved chain passing to the fore-carriage. 
On the top of the vertical shaft is a wheel with 
notches formed around its periphery; a hi 
lever is placed on top of this wheel, and is provided 
with a block fitting these notches, so that by throw- 
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ing over the lever till it engages with the stee 
wheel, the latter can be turned and the drill 
steered. A feature of Messrs. Woolnough’s steam 
double corn drills is that, on the headlands and at 
other places which cannot be drilled by power, the 
machine can be easily divided so as to make two 
independent horse drills. Harrows can also be 
attached to the drills when desired. 

Messrs, Burgess and Key, of Brentwood, make a 
fair exhibit of mowing machines with a few novel 
attachments. The mechanism for raising the cutter 
bar merits notice, To the inner end of the cutter 
bar a rod is attached, the end of which is connected 
to a chain that passes around a quadrant fastened 
to the frame, and thence to a hand lever within 
reach of the driver. These makers have also sim- 
plified their arrangement for throwing in and out 
of gear. The new cutter bar they exhibit has 
an entirely new arrangement. The bar is as usual 
of steel and the fingers of wrought iron, rivetted 
on to it. These fingers are made without any cut- 
ting edges. The points are of the usual form, but 





that portion over which the knife traverses is made 
lower than in the common finger, and serves as a 
support for the cutting portion, or jaws through 
which the knife works. These are of the form 
shown in the sketch, and are rivetted on to a base 
plate in sets of four, They rest on the flat portion 
of the finger, and the forward part, when the jaw is 
doubled over, bears against the recessed projection 
of the finger, as shown. The knife and jaws are 
held in place by the ordinary guide bar, and they 
are easily removed and replaced. This. system 
possesses the advantage of asaving in cost, and gives 
a greater facility for reversing the cutting portion of 
the fingers, without reversing the lattér themselves, 
Besides their mowing machines Messrs. Burgess and 
Key exhibit one of their so-called regulating reapers, 
which delivers, 

Messrs. Samuelson and Co., of Banbury, exhibit 
a self-acting reaper, the so-called ‘‘ Imperial,” fitted 
with six rakes, any of which may be used as blanks, 
and entirely under the control of the driver. The 
arrangement of gearing iu this machine is different 
to that in other machines made by these manufac- 
turers ; the draught is also lighter, and it has been 
designed particularly with a view to its use on hilly 
ground. Besides the new arrangement of gearing, 
the merits claimed for it by the makers are the joint- 
ing of the beam, so that it can be turned up to go 
through narrow places; a special arrangement for 
reducing the draught, aready means for regulating 
the height of cut, and adjusting the fingers ; and the 
rake-controlling mechanism for producing rakes of 
varying size. ‘The gearing of this reaper is closely 
guarded to prevent its being choked with dirt, &c. 
The other well-known reapers made by these exhi- 
bitors, the ‘*Omnium,” the ‘ Handy,” manual 
delivery, and the ‘Kclipse,” are also shown, as 
wellas one or two mowers and a combined machine. 
Messrs. Samuelson have also a novelty in finger 
construction, made with a body of iron, and steel 
cutting edges and cross-bars. The various pieces 
forming the finger are welded together and stamped. 
A very light and strong finger is thus produced, and 
one which is found very efficient and durable. 

Amongst the other exhibitors of reaping and mow- 
ing machines, we notice Messrs. Osborne and Co., 
of Auburn, New York, who have introduced a 
wrought-iron frame into their well-known Kirby 
machine, as well asa lever for folding the platform 
when travelling, and an arrangement for a gem | 
the height of cut. Messrs. Walter A. Wood an 
Co. have as usual a good show, and attract much 
attention with their sheaf binder. Messrs. 
Anson Wood and Co. show nothing novel, but 
are promising to introduce new patterns in thespring. 
Nearly all of the well-known English makers are 
well represented—Messrs. Hornsby, Messrs, Howard 
and Co., Messrs. Harrrison, Macgregor, &c. 

A new implement is the hay and corn loader ex- 
hibited by Mr. P. Everitt, of Ryburgh, Norfolk. Its 
somewhat excessive weight and heaviness of detail 
are due to the fact that it is the first machine built, 
and it will probably come before the public at the 
next Royal Agricultural Show in of geen | improved 

te consists of a four-wheeled carriage with a 





form, 
rectangular frame, on which are mounted four in- 
clined posts. some 14 ft. high, and carrying a plat- 





form at the top. At the rear of the carriage is a 
large and wide trunk assuming a nearly vertical posi- 
tion, when the machine is at work. This trunk occu- 
pies the whole width of the carriage and extends 
nearly from the ground level to the top platform 
before mentioned. Pitched wheels of a peculiar 
construction are mounted on the axle of the hind 
wheels, and near the top of each of the four am 
before mentioned, are similar pitched wheels, 
Around these four are stretched two endless ropes 
of steel wire about 5 ft. apart. To the ropes are 
attached at intervals bars carrying tines projecti 
equally on each side of the bar, The mode in whic 
the latter are secured to the ane may be mentioned. 


Each bar consists of a piece of gas piping, the ends 
of which are slotted to a width sufficient to admit 


the ro After this is in place iron plugs are driven 
into the ends of the pipe and rivetted through. 
The driving portion of this rope passes up through 
the trunk, and as the tines at their lowest point 
almost touch the ground, they carry with them the 
corn, which it is desired to raise. A set of fixed 
tines is introduced at the bottom to prevent the 
travelling tines from becoming choked. When the ~ 
corn is raised to the top of the trunk it it delivered 
on to the upper platform, where it is exposed to the 
action of a series of transverse tines, travelling on 
endless ropes, which convey the corn laterally, and 
cause it to fall on to the wagon beneath to 
receive it. In traversing this platform, however, 
the corn is not exposed to the action of the tines 
the whole distance, as the platform on which the 
corn is delivered is inclined, so that the tines, which 
atone end areexposed for,their wholelength, gradually 
disappear beneath the inclined platform. In use 
the wagon to be loaded travels by the side of the 
machine, 

Messrs. Nalder and Nalder, of Wantage, exhibit 
this year a new adaptation of their well-known rotavy 
sereens for the use of brewers, These malt screens 
are made of two classes, one for separating dust and 
stones from the malt, and the other for taking away, 
in addition, the thin malt. In most breweries this 
latter form is preferred, as if passed through the 
ordinary malt rolls, the thin in escapes without 
being subjected to their action. To avoid this, the 
thin malt when oo is delivered to a pair of 
special rolls set closer together. The screens are 
2 nem in groups of two, three, or four, and are 
placed in boxes, along one outer side of which 
runs a shaft with bevel wheels on it gearing into 
corresponding wheels on the projecting ends of the 
screen shafts. Each screen is provided with a 
separate feeding hopper, and is divided into three or 
four sections as the case may be. In the first of 
these the wires are so close together as to admit only 
of the exit of the dust, the second portion allows the 
malt to pass ae. and the third section is 
adapted for the discharge of stones and other im- 
purities, These latter escape partly through the 
open ends of the screen, but chiefly through a short 
length of the screen which is left uncovered. Those 
screens which separate the thin malt are made with 
a certain length having an intermediate mesh. The 
screens ave laid in the box almost close together, 
with a rotary cleaning brush to each pair. These 
brushes, which are driven by the rotation of the 
screens, are made in short lengths, so that they can 
be easily renewed. In some large breweries two 
groups of screens of three in each group are em- 
ployed. Three pairs of rolls are also used, two 
pairs placed under the main malt deliveries, and the 
third pair in a central position, where it receives by 
special shoots the thin malt from each group of 
screens. The dust is, of course, got rid of before the 
malt advances to the roll hopper, while the stones 
are passed on, and are discharged into a chamber 
beyond, The length of the screens for effecting the 
three separations is 5 ft., and for four separations 
8 ft., the diameter being 18in. A group of three 


W. | such screens can deal with from 24 to 30 quarters of- 


malt per hour. 

The construction of Messrs. Nalder and Nalder’s 
screens is well known. It consists of a series of 
longitudinal round bars attached to the end plates 
of the frames, These bars are notched at intervals, 
which vary with the pitch desired, and the wire 
forming the screen is wound around them spirally, 
and falls into each of the notches in the bars. 
These notches are then rivetted over, 80 as to hold 
the wires securely. 

Messrs. Nalder and Nalder have introduced this 
year several improvements in detail in their thrash- 
ing machine. e adjustable plummer blocks of 
the drum shaft, employed to compensate for the 
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STRAW-BURNING ENGINE AT THE SMITHFIELD SHOW. 


CONSTRUCTED BY MESSRS. CLAYTON AND SHUTTLEWORTH, ENGINEERS, LINCOLN, 


Fig. 1. 
















































































ull of the main belt, is so arranged that either 
rass can be removed without having to lift the 
drum. This is effected by introducing outside each 
a deep sliding wedge held up by set screws, by 
slacking either of which the wedge can be with- 
drawn and the brass taken out laterally without 
disturbing the drum. 

By an ingenious arrangement in the second 
dressing apparatus, the hopper leading to the barley 
awner is adjustable, so that the grain can be passed 
through the awner only, or through the awner and 
whitecoater, and then on to the dressing sieves; or 
beans, peas, or smutted wheat may be passed 
direct from the elevator to the second dressing 
without ing through the awner at all, or if 
80 desired, the wheat can be direct from the 
elevators into the sacks. e pressure in the 
awner can be easily regulated by the man at the 
discharging spouts, as he has within reach a weighted 
lever, by adjusting which he can close or open more or 
less a valve hung on the delivery end of the awner. 
By this arrangement the trouble of stopping the 
machine, or going on top to examine it is avoided. 
Among the other improvements in this machine is 
a separate spout for the seeds taken out by the 
second dressing, so that these, instead of falling on 
the ground can be receivedinto a sack. We notice, 
however, that this spout is in rather an awkward 
position, immediately behind one of the leading 
wheels. As is well known, Messrs, Nalder and 
Nalder employ the Wilder self-feeder ; the protecting 
hood of which they hinge, eo as to fall down and re- 
duce the height, aconvenience oftenappreciated when 
the machine is passing into barns, or travelling by 
railway. The safety handle of the feeder is now placed 
by Messrs. Nalder outside instead of inside the hood, 
£0 as to be more readily accessible. Thesemakershave 
also adopted wooden springs, made taper, instead of 
iron rockers and shafts for the shaker bars. We notice 
also that they add double-speed pulleys for the first 
blower spindle, and caving riddle crank, to insure 
the different treatments required for corn in good 
or bad condition. In common with other leading 
makers, Messrs. Nalder and Nalder haye gradually 
increased the speed of the drum, which they now 
work up to 750 revolutions; this increase enables 
them to mount the second blower on the drum 
spindle, thereby simplifying the construction of the 
machine. 

We need only mention in ing the thrashing 
machines of Messrs. Marshall, Sons, and Co., of 
Messrs, Clayton and Shuttleworth, of Messrs. Ran- 
somes, Sims, and Head, of Messrs. Ruston, and of 
Messrs, Garrett and Sons. The machine exhibited 
by these last-named gentlemen has some special 
features, which we shall shortly illustrate. 

Messrs, Davey, Paxman, and Co., of Colchester, 
exhibit a novel arrangement for manure distribu- 





__Fig. 4. _ 
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tion, which possesses several features to recommend 
it to farmers. It consists of an auxiliary carriage 
attached to the tail of the manure wagon. This 
carriage, which runs on four wheels, contains a frame 
over which travels an endless web, composed of 








light bars or slots, from which spikes project. This 
web is caused to traverse by one of the wheels of 
the carriage. Upon the web is placed a box or 
body into which the manure is brought from the 
wagon. The advancing spikes carry the manure 
forward to the rear, where there is placed a re- 
volving helical agitator, which separates and dis- 
tributes the manure before it falls on the ground, 
in an even and continuous sheet. The rate of de- 
livery is regulated partly by a sliding feed board 
and partly by the speed at which the wagon is ad- 
vanced, For aheavy dressing the speed is increased 
and for a light one it is diminished. This machine 
will distribute from 50 to 70 loads a day, or suffi- 
cient dressing for six to eight acres, and with a re- 
yy that cannot ae een by hand. It is very 
simple in its construction and possesses no parts 
likely to become deranged. 

The Saville Street Foundry Company make a 
good exhibit of Hall's bone mill, fall's disinte- 
grator, and models of the well-known Baker blower, 
and the same arrangement modified as a pump. We 
shall publish drawings of the bone mill he y, and 
need not therefore describe it in detail here. The 
driving shaft of the mill runs free throngh the 
centre of one of the crushing rolls and gearing, but 
has near each end an eccentric keyed onit. On 
each of these eccentrics is placed a toothed wheel, 
which gears with an internal geared wheel and 
-~* motion to the first crushing roll. This wheel, 
ast with the toothed wheel, drives the second 





























crushing roll. An oscillating motion is given to 
the bone hopper by means of a lever on the wheel 
driven by the eccentric, and an arrangement is also 
added by which imperfectly crushed bones are 
raised and again delivered into the hopper. The 
crushing rolls are of cast iron, carrying a series 
of serrated rings, with plain rings interposed as 
distance pieces. The disintegrating machine is 
enclosed in a casing of the ordinary form, except 
that one-fourth of it can be easily removed for in- 
specting or renewing the beater bars. There are 
four groups of the latter with two bars in each 
group. They are of steel, parallel in one direction, 
but tapering in the other, and the bars in each pair 
are placed close together at the point where they are 
secured, but diverge from each other through the 
whole of their length. ‘They are set fast in two 
drums, which are bolted together on the spindle, 
the faces of the drums, where the beaters occur, 
being secured and undercut, so that when the beaters 
are in place, and the drums bolted up, they are held © 
after the manner of a lewis bolt. The automatic 
feed of this machine is ingenious, and is devised so 
as to supply to the disintegrator the exact quantity 
of p< = | it can deal with. This is effected 
by having two cylinders or drums, the peripheries of 
which are recessed in four places, the drums being 
set in the spindle in such a way that the recesses 
break joint. The material is thus taken inter- 
mittently by each drum, andjfed into the machine, in- 
stead of being delivered in a continuous supply, 
which is liable to‘choke the disintegrator, and lower 
the quality of work done. 
Opportunity does not permit us to mentioneven 

the names of many of the exhibitors. We described 
a large number of their exhibits in greater or less 
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EXHIBITS AT THE SMITHFIELD SHOW. 
Fig.1. 
























































WROUGHT-IRON UNDER-GEAR, BY 
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MACKINDER’S ELASTIC WHEEL, BY MESSRS. ROBEY AND COMPANY, LINCOLN. 


detail in our report of the Royal Agricultural 
Society’s Show at Liverpool. In the present notice, 
however, we have said enough to show that the 
Smithfield Exhibition is a highly successful one as 
regards its mechanical exhibits. 





AMERICAN WatcHEes.—Among recent shipments to 
Europe by the Waltham Watch Company was a lot of 
200 stem-winding watches, supplied to the Anglo-Indian 


Government for the use 


conductors and 


of one of the Indian State railways. This order was ob- 


tained b: 
peg he hale or Ay 


agency in competition 





THE INSTITUTION OF CIVIL ENGINEERS. 
Art the meeting on Tuesday, Dec. 4, 1877, Mr. G. RB. Ste- 
phenson, President, in the chair, it was announced that the 
Council, acting under the provisions of the bye-laws, had 
transferred Messrs. John Henry Abbey, Huddersfield ; 
ester bert Rock- 


Thomas Aveling, Roch 3 ; ’ 
hampton, cantionh ; John Barker, Westminster ; Henry 
Bessemer, Denmark Hill; Thomas Cargill, Westminster ; 


Jabez Church, Westminster ; John Do 


, iw , 
James Henderson, Truro; John William Inglis, P.W.D., 


India ; Henry yo a ner India ; Charles Ferdinand de | Ale 


Kierzkowski, Co ham-road; George Ki Great 
ve ; James Henry Linde, chester ; 
Rochdale; Robert Carstairs Reid, Edin- 


—_—— 









































burgh; Arthur Lewis Stride, Fenchurch-street Termi- 
nus ; John Isaac Thornycroft, Chiswick ; and John Evelyn 
Williams, Boston, from the class of Associates to that of 
Members. Also that the following Candidates had been ad- 
mitted Students of the Institution, viz.: Messrs. Thomas 
Victor Bamford, Bernulf Watson Beever, Augustus William 
Harvey Bellingham, Frederick Benjamin Brown, Walter 
Aspinall Carver, Charles John Corrie, Alfred Corry 
William Algernon Darling, my Boniface Davis, Sydney 
Firth, Augustus Seaton George, Joseph Greenwood, Sydney 
John James Hack, Clement Hill, John Edward Jones, 
Thomas Nesham Kirkham, Jun., John Alexander McDonald, 
Arthur Woodbyne Parish, Septimus Penny, Arthur 
Pine, Lancelot George Prickett, Frederick Lawrence 
Rawson, Harry George Read, Arthur de Saubergue, 
William Spinks, Harry Lindsay Tilly, Sam Tomlinson, 
Charles Rowland Williams, and Arthur Prescott Wood. 
The monthly ballot resulted in the election of eighty-five 
Candidates, of whom eleven were Members, viz., Messrs. 
William Fox, Westminster; James Ninian Hiil, Bays- 
water ; David Francis ym Ex. Eng., P.W.D., India ; 
John Gale Jopp, South Indian Railway, Sage sp kg 
Thomas Coltim Keefer, Ottawa ; John He we, 
P.W.D., New Zealand; Alan Macdougall, North British 
Railway, Glasgow ; William Morton, Cheshire Lines Com- 
mittee, Liverpool; William Colton Parker, Westmin- 
ster; William Furniss Potter, Westminster; and Louis 
Schwendler, Superintendent Electrician, Indian Government 
Telegraphs; and seventy-four Associates, viz., Lawford 
Maclean Acland, Stud. Inst. C.E., P.W.D., Ceylon ; 
William Richard Acton, Surveyor to the Moss Side 

Board; Ambrose Awdry, Lieut. R.E., P.W.D., Madras; 
Alfred Bache, B.A., Westminster ; Robert Thomas Ollivier 
Barbenson, Resident Engineer, Portishead Docks; Martin 
Bloxsom, Northwich ; Henry Bold, P.W.D., New 
Zealand; Robert William Bourne, Hereford - square ; 
James Edward Neville Boydell, P.W.D., India; Adolfo 
Garcia Cabezas, Cadiz; George James Cottom Broom, 
Wolverhampton ; George Vaughan Brown, Stud. Inst. 
C.E., Manchester; Thomas Common Brown, Ipswich ; 
Alfred Edward Carey, Stud. Inst. C.E., L. B. and 8, C. 
Railway ; John Carline, Seoverer to the Lewisham Board 
of Works; Charles Frederic Clough, late of the L. and N. 
W. Railway; Henry James Coles, Emerson-street ; Cor- 
nelius Cornes, Leicester; James Crofton, Colonel R.E., 
Inspector-General of Irrigation Works in India; Messrs. 
M. , Jun., Stud. t. C.E., Portishead ; Charles 
Eugene de Rance, Chester; Frederico Eduardo Duboc, 
Stud. Inst. C.E., Lima ; nap 2 Griffith Evans, Stud. 
Inst. O.E., P.W.D., India; Henry Somerson Freeman, 
Wandsworth ; Thomas Lindsay loway, Ryton-on-Tyne ; 
Justiniano Aurelio Galvez, Stud. Inst. C.E., Lima; 
Arthur Charles Gotto, Stud. Inst. C.E., Rio de Janeiro ; 
John Purser Griffith, Ballast Office, Dublin ; John Green 
Hall Canterbury; Frederick George Hankin, Colonel 
M.S.C., Hertford; Messrs. Henry Graham Harris, West- 
minster; Alfred Hopkinson, Bury, Lancashire; Jota 
Hopkinson, M.A., D.Sc., Birmingham; Henry Howard, 
Kensington ; Robert Higgs Inch, Town Surveyor, Lowes- 
toft; Alfred John Ingram, Stud. Inst. C.E., Warwick ; 
James Irvine, Gray’s Inn-road; Geo Jessop, Stud. 
Inst. C.E., Leicester ; Warwick Huson Jo! n, P.W.D., 
India; Thomas Isaac Lilley, Westminster; Francis 
Gascoigne Lynde, Midland way ; David Manuel, East 
Indian Railway; Henry Robert Howels Martin, Stud. 
C.E., Lianelly ; William Joshua Mason, Stud. Inst. O.E., 
Essex-street ; Henry Me eather, Long Acre; Leander 
Munro Miller, Ceylon vernment Railway; Boswell 
Parkinson Milsom, Stud. Inst. C.E., P.W.D., India; 
Octavio Olavegoya, Stud. Inst. C.E., Lima; Alfred Perry, 
Birmingham; Walter Pitt, Erith; Cleophas William 
Ratliff, Westminster ; Charles Lawrence Pemberton 
i B.A., Stud. Inst. C. E., 
Sadler, Stud. Inst. C.E., P.W.D., ; 
Scott, Stud. Inst. CE., P.W.D. India; Arthur Edmund 
Shaw, Buenos Ayres; John Wallis Shores, Stud. Inst. 
C.E., Pinetown, Natal; Guy Smith, Walbrook; John 
Motley Smith, Manchester; Henry Francis Sneyd- 
Kynnersley, North-Eastern Railway ; Robinson Souttar, 


ick ; | Liverpool ; Henry Lewis Spindler, Cape Government Rail- 


ways; Frederick Stafford, oes Government Railways ; 

er Stark, Stud. Inst. C.E., Erith ; George Ernest 
Peterborough ; William 
Bacup; James Tait, Stud. Inst. C.E., P.W.D., India; 
William Upton, Tinney, Winchester; Thomas William 
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Matthews Tisdale, Shrewsbury ; William Blomefield Tripp, 
Baenos Ayres; tdward Vint, Stud. Iast. C.E., 

illiam Wardle, Stud. Inst. C.E., 


Warren, 
Henry Billlinghurst Whitworth, Stud. Inst. C.E., West- 
bourne-terrace ; and William Booth Woodhead, Shipley. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday the attendance 
on’ at Middlesbrough was larger than usual. 
Business was flat, and the prices were unchanged. Accord- 
ing to the recently adopted plan, the ironmasters had had 
a meeting, and had resolved that they would make no 
alteration in the quotations for pig iron, and consequently 
their figures were based on No. 3 selling at 41s. per ton. 
Merchants’ prices were rather lower. 


A Proposal to Blow Out Blast Furnaces.—A meeting of 
the Cleveland Ironmasters should have been held on Monday 
at Middlesbrough to consider the advisability of blowing 
out a certain number of blast furnaces in the district. 
Owing to a number of the ironmasters having appointments 
elsewhere, the meeting was not held till Tuesday, when the 
question was fully discussed. It was decided that a certain 
number of blast furnaces should be blown out, but it was 
not definitely fixed which of the firms should decrease the 
total production by the partial my ee of work, and the 
meeting was adj until next Tuesday morning. 

The Finished Iron Trade.—In the finished trade there 
is no improvement. There is no immediate prospect of the 
works which have been so long closed being reopened, 
although most people believe that the depression cannot 
last much longer, and that with a settlement of the 
Eastern question and the arrangement of political affairs 
in France, confidence would be restored and contracts for 
work which has long been in abeyance would be given out 
for all parts of the world. 

Engineering and Shipbuilding.—In general engineer- 
ing there is a fair amount of work being done, but prices 
are low owing to keen competition. There are one or two 
good ee contracts for India being executed at Stockton 

Middlesbrough. Marine engine builders are tolerably 
busy, and notably so are the firm of Blair and Co., 
Stockton, whose reputation for turning out good work is 
peney known. Considering the general depression which 
has c rised every trade during the year it is some- 
what surprising to learn the amount of shipbuilding which 
has m done on the Tees. Both at Stockton and 
Middlesbrough a large number of very handsome steamers 
have been built, the tonnage at some of the yards exceed- 
ing that of previous years. 

Cleveland Institution of Engineers.—The second meet- 
ing of the session was held in the hall of the Literary and 
i i i ration-road, Middlesbrough- 
on the evening of Monday, December 10, \ 
Thomas Whitwell, President, inthechair. After the usual 
routine busi the paper read at last meeting by Mr. 
Charles Smith, of Hartlepool, on ‘‘ A Facile Mode of Com- 

,”’ was keenly discussed, the discussion, 

, mately merging into a debate on the con- 
traction of wrought iron after re ings. A very 
ing paper was then read by Mr. J. E. Stead, of 
Middlesbrough, on the ‘‘ Extraction of Phosphorus from 
Cleveland Iron.”” Mr. Stead’s paper contained the results 
of a great number of experiments undertaken in order to 
ascertain the proportionate value of free oxygen, oxide of 


iron,: manganese, fluor-spar, chloride, bromine, iodine, hy- 
drogen, and water as purifyi ts. The result of 
these experiments proved oxide of iron was by far 


the most efficacious in eliminating the phosphorus. In 
conclusion, Mr. Stead e i as very sanguine 
—_— time was not far distant when Clev ironstone 
wi 
from the pure ores of Spain and Cumberland. 

The Coal and Coke T'rades.—All kinds of fuel is in com- 
paratively poor request. Prices are low. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Eckington Gas Works.—At the annual meeting of the 
Eckington and Mosborough gas directors last week, the 
submitted stated t the new gasholder had not 
got into proper working order, owing to the fact that 
d not hold water. Some of the shareholders 
expressed their condemnation of this state of things in 
strong terms, and also gave it as their opinion that as much 
as 30 per vent. of the made was lost by the | of 
the mains. A dividend of 1s. 4d. per share .was 
on 5179 shares, and 1s. per share on 821 shares. 
Drainage, Sewage, §c., of Mexborough.—At the usual 
weekly meeting of the Mexborough Lecal Board, a letter 
was last week read from the Local Goverament Board with 


borough, in relation to the borrowing of 12001. for sewer- 
age, in which letter the authorities stated they could not 
sanction a loan for such works, inasmuch as it was pro- 
peeed fo See the sewage into a canal. At the same 


vernment Board hope that a complete 
scheme for disposing of the sewage 





fae 


ill be determined on 
without delay. In the course of the discussion which 
it was stated that 10,0001. or 12,0001. would be re- 
geet, of which of latet the cum of C060, would be needed 
or drainage alone. 

Water Supply of Dronfield.—About two years a 
scheme to cost about 25,000/., i Dronfield 
Unstone, and Coai Aston with water was put forward and 
was tentatively adopted, but it was resolved to first make 
an experiment by laying down a temporary main from the 


[ 


d steel which would rank as high as that made | Po 





end of the mains of the Chesterfield Company, with a view 
of eneieing woes the pressure would be sufficient to 
reach Dronfield. This experiment having proved satisfac- 
, it is stated that the Local Board of Dronfield and 
district is about to discard the first named scheme, and to 
carry out the latter at a cost of nearly 15,0001. 
Experiments with the Telephone.—On Frida; 
series of experiments with the telephone were ale 
W. H. Peacock, mining e 
Iron Works, of Messrs. mes, the a ay being 
utilised by means of the private wire belonging to that 
firm. The two ends were about half a mile apart, and 
all the experiments, including musical trials, were satis- 
factory. Mr. Peacock explained to his audience that the 
invention was as yet only in its infancy, and this was 
merely the seventh public exhibition of it in this country. 


NOTES FROM THE NORTH. 

Guascow, Wednesday. 
Glasgow Pig-Iron Market.—There was a steady market 
last Thursday forenoon, when a moderate business was done 
in warrauts at 52s. 14d. cash, and 52s. 3d. one month, 
closing with buyers at both prices, sellers asking a shade 
more. The market continued steady in the afternoon, with 
business done at the forenoon quotations, closing with 
buyers offering 52s. 14d. cash, and sellers asking 52s. 3d. 
one ef warrant market was strong on Friday, 
and an advance of 14d. per ton was secured. usiness was 
done during the forenoon at 52s. 2d. cash, and 52s. 3d. one 
month, and the market closed with sellers at the former, 
andjbuyers at the latter price. In the afternoon prices im- 
proved from 52s. 2d. to 53s. 3d. cash, and the market 
closed, sellers 52s. 3d. cash, buyers 52s. 3d. eight days, and 
the final quotation for the week was 1d. under that of the 
preceding Friday. The warrant market opened on Monday 
with sellers pressing business at prices 14d. per ton under 
those quoted at the close on Friday afternoon, and before 
the close another 4d. per ton was lost. A large amount of 
business was done in the morning at 52s. 14d. cash, and the 
market closed with sellers at that price, and buyers a shade 
under. During the afternoon 52s. 1d. cash and 52. 2d. one 
month were accepted, the market closing with sellers at 
those prices, and buyers very near. The market was 
rather firmer yesterday forenoon, when business was done 
in warrants at 52s. 1}d. to 52s. 2d. cash, also at 52s. 3d. 
to 52s. 4d. one month, buyers at the close offering the 
higher quotations, and sellers asking a shade more. There 
was even a strong market in the afternoon, and business 
was done at 52s. 24d. cash, closing with buyers at 52s. 2d., 
and sellers at 52s. 3d. The market was firmer this fore- 
noon, when business was done in warrants at 52s. 2}d. to 
52s. 3d. cash, also at 52s. 3$d. to 52s. 4d. one month fixed, 
closing with buyers at the higher quotations, sellers 
asking jd. per ton more. An advance of 6d. per 
ton on the price of their No. 3 iron was announced by 
the Coltness Iron Company. There wasa firm market again 
in the afternoon, and business was done at 52s. 34d. cash. 
When it was announced in the Glasgow market a few days 
ago that a depressing report had been received from 
iddlesbrough, to the effect that stock there had increased 
last month to the extent of 20,000 tons, notwithstanding 
the continued large shipments of pig iron to Scotland, there 
was but a slight effect produced on the price of warrants, 
and investors continued to buy or hold, in the hope that 
good news from France or from the seat of war in the 
East of Europe _— ~~ y some activity to the market. 

Shipping iron has m dull during the week, with ve 
little doing. Official quotations are practically unchanged, 
but any brands which are held in Sealers’ hands may be 
obtained at lower prices. The number of blast furnaces in 
till 88, as compared with 116 at the same 


operation is sti 
time last year. There was an increase last week of 528 


last a 
by Mr. 








tons in the amount of pig iron in store, the stock with 
Messrs. Connal and Co. up till Friday evening being 166,770 
tons. Last week’s shipments of pig iron from all Scotch 


rts amounted to 522] tons, as compared with 8372 tons 
in the corresponding week of last year. 

Pollution of the Clyde.—Paisley, Rutherglen, and 
various other burghs round G@ w have just received an 
important communication from Mr. Keith, general manager 


to the Clyde Trustees, on the subject of the pollution of the | ha 


Clyde by discharging se into it. The several local 
authorities to which I refer have this week been thrown into 
a state of great surprise and amazement at the peremptory 
manner in which the authority of the Clyde Trust has been 
indicated. The following, dated 30th of November, is a 
copy of the letter sent to the town clerk of Paisley: ‘‘ On 
behalf of the Trustees of the Clyde Navigation, I beg to 
mee out, through you, to the sanitary authority of the 
urgh of Paisley that the said authority are knowingl 

permitting to fall, or flow, or to be carried from their sani- 
tary district into the River Cart, and thence into the River 
Clyde, solid or liquid sewage matter, and are thus commit- 
ting an offence against the Rivers’ Pollution Prevention 
Act, 1876, whereby the said trustees are aggrieved. I now, 
therefore, intimate that it is the intention of the said trustees 
to take p' ings against the said sanitary authority at the 
expiry of two months from this date, to compel them to 
cease committing such offences as aforesaid, and to adopt 
the best practicable and available means for rendering 
harmless such sewage matter, in so far as it falls or flows 
or is carried into the said river along any channel 
used, constructed, or in process of construction at the date 
of the passing of the said Act. And I fxrther intimate 
that in so far as such sewage matter falls or flows or is 
carried into the said river along any channel that has been 
constructed since the date of the said Act, or is now in 
process of construction, i will be mn agai 
the said sanitary authority at the expiration of the afore- 
said period of two months, to ordain them to take such 
steps as shall be to entirely prevent such 

matter from falling, or flowing, or being carried into the 


ineer of Leeds, at the Milton Clyd 





said river.’ The Paisley authorities have appointed a de- 
putation of their number to wait upon the Clyde Trustees, 
and there is some intention of applying to the Home Secre- 
tary to obtain his permission to have three years allowed 
them to devise and carry out what may be considered the 
best mode of purifying the sewage of the whole town. In 
the mean time an important se scheme that was about 
to be entered on for the ya a district of the town, 
is to be delayed until the result of the interview with the 

yde Trustees is known. The other burghs that have 
been written to are taking such action as seems to be 
most desirable under the peculiar circumstances in which 
they have been so unexpectedly placed. 


Crane Accidents.—Mr. W. A. Brown, procurator-fiscal 
for the burgh of Glasgow, has lately issued a circular to 
builders, contractors, &c., with regard to accidents caused 
by defective machinery in cranes. He states that a 
number of fatal accidents have recently been reported to 
him connected with, or directly resulting from, an alleged 
defect in the machinery of the cranes. It had been his 
duty to investigate these, and submit precognitions for the 
information of Crown counsel, who, being much impressed 
with the importance and frequency of such cases, had 
thought it proper to take the present opportunity of issuing 
a public intimation on the subject. The circular goes on 
to say: ‘‘ When the jib of a crane is not in operation, and 
the machinery or ‘clutch’ is thus out of gear, a ‘catch’ 
is, according to a very common construction of cranes, 
dropped into the wheel on the barrel-shaft, and it is thus 
supposed that the jibis secured in position, and that it is 
free from any danger of failing, unless some of the gear 
gives way. This, however, has been proved to be an 
erroneous opinion, for several instances have occurred in 
which the ‘ catch’ has slipped out of its place or lost its hold, 
without any failure in the machinery, with the result of sud- 
denly precipitating the jib, and causing loss of life. The 
opinion of a skilled engineer has been taken on behalf of 
the Crown, and he reports with reference to the arrangement 
above described that ‘ although it appears perfectly safe, it 
is in reality a ae risky and dangerous one.’ The reporter 
goes on to state that something ought to be done to secure 
the public safety, and he su, asa precaution against 
such occurrences that instead of making the wheel to do the 
double duty of acting as a wheel and ratchet in one, it 
should only do duty asa wheel, and a separate ratchet 
should be supplied for sustaining the jib. I have accordingly 
been instructed to intimate to builders and others ‘that as 
the present system is dangerous, and has been attended in 
various cases with fatal consequences, all cranes should in 
future be lifted with a separate ratchet wheel,’ as above 
recommended.”’ 


Hydraulic versus Pnewmatic Agency.—At the annual 
meeting of the Philosophical Society of Aberdeen, held last 
week, Mr. John Willet, C.E., read a paper on ‘“‘ Hydraulic 
and Pneumatic Agencies for the Transmission of Motive 
Power.’ After some conversation on the subject of the 
paper a cordial vote of thanks was awarded to the author. 


Royal Scottish Society of Arts.—An ordinary meeting 
of this society was held in Edinburgh on Monday evening, 
Dr. Ferguson, President, in the chair. Mr. 8S. B. Wilkins, 
firemaster, read the second part of his paper on ‘“‘ Fires, 
Fire-Engines, and the Prevention of Fires.”’ 


FOREIGN AND COLONIAL NOTES. 

Australian Telegraphy.—At the date of the last advices 
from Adelaide about 120 miles of telegraph remained to be 
erected on the overland telegraph line from Adelaide to 
Perth, Western Australia. Meanwhile messages between 
the two towns were being transmitted over the unfinished 

rtion of the line by special couriers. The charge for 
Ceeeuteien is 2s. for every ten words and 2d. for every 
additional word. 


Draining the Hwnter.—The New South Wales hydraulic 
engineer, Mr. Clark, recently visited Port Stephens for 
the purpose of observing the lay of the country through 
which it is proposed to cut a canal to carry off the waters 
in the Hunter district in time of flood. 


St. Gothard Railway.—The prospects of this line are 
considered to have somewhat improved, the States which 
ve undertaken to grant subventions have contributed 
the amount required for the present year. The original 
estimates have been exceeded, but the excess has been 
brought down to 1,600,000/., while at one time it stood as 
high as 4,400,0001. This reduction in the excess expendi- 
ture has been attained by a decision that, except in the 
great tunnel itself, single rails shall be laid along the rail- 
way, and that two branch lines for Switzerland shall be 
omitted from the original plan. Switzerland has promised 
to increase its subvention to the extent of 320,0001. 


Rolling Stock for Russia.—The Russian Government is 
endeavouring to negotiate the purchase of 130 locomotives 
and 1750 goods trucks, closed and open. This rolling 
stock has to be delivered before May 1, 1878, at the latest. 


A Large Sewer at Buffalo.—An important piece of 
sewerage work—known as the Mill Race and Fillmore 
Parkway sewer—is now in process of construction at 
Buffalo, New York. Its total length is 11,148 ft., the 
whole number of acres drained at the outlet being 4562. 
The improvement is divided into six sections, the size of the 
first being 12 ft. by 9ft; the second, 10 ft. by 64 ft. ; the 
third, 7} ft. by 5 ft., and egg-shaped ; the fourth, 7} ft. by 
5ft., bench walls and arch; the fifth, 7ft. by 4 ft. 8in., 
egg-shaped ; and the sixth, 6ft. 3in. by 4ft.2in. Work 
was begun early in October, and some 200 men are at 
present actively employed. Mr. A. H. Delameter, of 
Cleveland, Ohio, is the contractor for the work, his bid of 
78,000 dols. being the lowest of four tenders which were 
received. A year is allowed for the completion of the 
sewer from. its commencement. The work is under the 
general supervision of the city engineer, Mr. G. E. Mann. 
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NOTICE TO AMERICAN SUBSORIBERS, 

We beg to announce that we have appointed Mr. Lenox 
Smith, 56, Broadway, New York, the sole agent for ENGI- 
NEERING in the United States, and all subscriptions for the 
United States will in future be payable to him. Mr. Lenox 
Smith is also prepared to receive advertisements for ENGI- 
NEERING, and will afford full information as to terms, &., on 
application. The annual subscription for ENGINEERING de- 
livered post free in the United States is 10.50 dols. U.S. currency, 
payable in advance. 








NOTICES OF MEETINGS. 

THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, December 
18th,at 8 p.m. The Annual General Meeting. 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 19th inst., at 
7 p.m., the following papers will be read; “ Notes on the Meteoro- 
logy and Physical Geography of the West Coast of Africa, from 
Cape Verd to the Cape of Good Hope,” by Commander Edward 
Bourke, R.N. “On the Meteorological Observations made by the 
Norwegian Research Expedition in the North Atlantic in the 
Summers of 1876 and 1877,” by Professor H. Mohn, Hon. Mem. M.S. 
“Report on the orm Observations during 1877,” by the 
Rev. T. A. Preston, M.A., F.M.S. 

THE INVENTOR’S INSTITUTE—Tharsday, December 13th, “On 
Arrangements for Lowering Boats from Ships for Saving Life at 
Sea,” by Mr. G. G, Laurence, 
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THE “INFLEXIBLE.” 

THE report of the Committee composed of Ad- 
miral Sir James Hope, Dr. Woolley, Mr. G. W. 
Rendel, and Mr. Froude, appointed by the Ad- 
miralty to inquire into the stability of the Inflexible, 
has just been issued, and will be studied with the 
closest attention by all who are interested in our 
Royal Navy, and especially by naval architects, and 
by the officers and men of the fleet whose lives are 
concerned in the safety of the ships they will have to 
- and manceuvre in the presence of the enemy. 

© subject connected with Admiralty affairs has 
excited so much attention since the loss of the 
Captain, as this question of the safety of the In- 
flexible and the other vessels of her type, which has 
been under investigation for many months. 

The report of the Committee now to hand, 
although it appears at first sight to acquit the Ad- 
miralty Constructors of all blunders regarding her 
stability, can — add to the apprehensions already 
felt concerning the safety of the vessel in action, 
and lead to further inquiry, for it corroborates all 
the statements of fact put forward by the Times 
and by Mr. Reed in condemnation of her. 

The report in substance is a verdict for the Con. 
structors of the Navy of ‘‘ not guilty but don’t do it 
again.” Whenanalysed it will be seen that the recom- 
mendations of the Committee at the end of the report, 


regarding the type of vessel, are utterly inconsistent 
with the opinions they express as to the merits of the 
particular my They hesitate to condemn the In- 
flexible which is already built, and they equally 
shrink from any responsibility for her repetition. 
They consider that a just balance has been main- 
tained in the design, so that out of a given set of 
conditions a good result has been obtained; yet 
they dwell upon “the great advantages which a 
further increase of beam would give to vessels of 
the Inflexible type,” and they “bring under the 
very serious consideration of their lordships the 
necessity, before proceeding with the construction 
of more vessels of the type of the Inflexible, of 
thoroughly investigating whether by more beam 
their safety may not be largely increased without 
impairing their re and efficiency.” 

They regret that the recommendations of the 
former Committee on Naval Designs to investigate 
the effect of artillery fire on unarmoured cellular 
structures and cork was so imperfectly adopted, 
and they ‘‘ strongly recommend this subject to the 
serious consideration of their lordships,” yet the 
whole of the remarks they make favourable to the 
ship are based on an assumption that it would be 
impossible for the cork to be blown out of the 
unprotected ends. They go indeed further, and 
say that the worst that could happen would be for 
the ends to be completely penetrated and water- 
logged. In other words, the largest modern shells, 
filled with the heaviest bursting charges, and in 
spite of all that can be done to increase the destruc- 
tive power of their explosion, are to be supposed 
only capable of doing what a solid shot can do, 
namely, make a clean hole through the mass of 
cork, coal, and thin iron composing the unarmoured 
ends. We have throughout maintained that ar- 
tillery experiments on a large scale are absolutely 
necessary to settle a question like this, and until it 
has been settled, the Inflexible controversy remains 
where it was. The opinions of men like Dr. Woolley 
and Mr. Froude on this part of the subject are 
valueless, and should not for a moment carry weight 
in a matter of such grave importance. How shallow 
and transitory are those opinions may be seen 
from the fact that Dr. Woolley expressed an opinion 
on this point in the Zimes in the early part of this 
controversy quite opposed to that he now endorses. 
in the Committee’s report, although no further ex- 
periments have been made and no new facts have 
come to light. 

The Committee try to cover the want of armour 
protected stability in the Inflexible by putting for- 
ward the breadth as limited by dock accommodation. 
They entirely ignore the fact that the Ajax and 
Agamemnon, which are smaller and 10 ft. narrower 
than the Inflexible, are equally deficient of stability 
in their armoured citadels, although no question of 
dock accommodation could have stood in the way 
of their being properly designed. 

As we have intimated above, this report when 
analysed will be found to be as unsatisfactory, in- 
consistent, and disquieting a document as has ever 
been put forward on such a grave question. 

We purpose examining it in detail, having regard 
to the real points at issue. In the first place does 
the Inflexible fulfil the conditions she was in- 
tended to fulfil? Does she depend for her stability 
and safety on her unarmoured ends? Sufficient 
evidence now exists to settle these points once for 
all. The other question as to how far the unpro- 
tected ends are susceptible of damage under shell 
fire, has from the first been regarded as a matter of 
mere opinion until it is settled by artillery experi- 
ments, 

We pointed out (see ENGINEERING, page 229) 
that the three questions referred to the Committee 
by the Admiralty were so ingeniously worded that 
they could be answered in favour of the ship by the 
help of a mere opinion on the gunnery question, 
and the two other equally important questions 
could be ignored. This is nearly what has happened, 
but still there is as we shall show sufficient data in 
the report to prove, contrary to the reiterated 
assertions of the Constructors, that the vessel does 
depend for her stability and safety on her un- 
armoured ends, and that she could be destroyed 
without once perite her armour. Was this acondi- 
tion contemplated ? 

In a report dated July 5, 1873, made to the 
Board of Admiralty by Mr. Barnaby, and concurred 
in by his colleagues of the Council of Construction, 
they state—and Mr. Goschen has asserted in the 
House of Commons that on the faith of these 





tatements he, as First Lord of the Admiralty, 


ordered the construction of the ship—“‘ J¢ is possible 
that both cork and canvas will be used to some extent 
outside the battery or citadel ; but the security of the 
ship will not be t upon them.” On the pre- 
vious 4th of June they had written to the Board, 
that to enable her to enter Devonport and Bermuda 
Docks “ it will be nec to reduce her breadth 
so much as to deprive her of stability when the ends 
are so perforated and injured as to add nothing to it, 
and we do not think this sacrifice should be made,” 
And, again, in the same report to the Board they 
say: ‘* We hope, by sub-division and cellular sides, 
to prevent any appreciable increase of immersion or 
decrease of stability, but we should not be satisfied 
with the ship if we could not say, as we now can, 
that with any possible amount of damage to the 
unarmoured ends by shot or shell, the ship will 
continue to float in perfect safety before any damages 
are made good.” ese quotations are all taken 
from an official return laid on the table of the 
House of Commons this year. They have been re- 
ferred to by us before, and we again quote them 
because it is important to bear in mind what were 
the promises made on behalf of the ship. The italics 
throughout are our own. 

Again, when the Zimes commenced this contro- 
versy by stating that independently of the un- 
armoured ends the Inflexible would have no stability, 
Mr. Barnaby, in a letter to the Times of 19th June 
last, met the aM - by saying “ the statement is not 
true ;” by giving figures to show the ship would be 
perfectly safe without help from her unarmoured 
ends, and by saying still further, ‘‘ I admit that the 
desirability of still retaining armour in the most 
powerful ships as a defence of the buoyancy and 
stability is open to debate, but I desire it to be 
distinctly understood that the Inflexible, Ajax, and 
Agamemnon lie outside the scope of that debate.” 

And more than this, it will be remembered that 
when the subject was raised in the House of 
Commons, Mr. Ward Hunt, the then First Lord of 
the Admiralty, was posted to deny that the ship 
was in such a state that her stability depended upon 
her unarmoured ends, He said the matter had been 
duly looked into by his naval colleagues, and ‘‘ they 
were satisfied that it;was impossible if the ship were 
in action, a destruction of her unarmoured ends 
could take place. They were also satisfied, that if 
the unarmoured ends were blown out she would not 
capsize, Therefore he hoped the Committee (of the 
House) and the public would be reassured on this 
subject.” All these facts go to prove, and do prove 
most conclusively, that from the time the 
Inflexible was designed, and consistently through- 
out the time she has been building, she has been 
held.up to the public by those responsible 
for her as a vessel whose safety was entirely pro- 
tected by her 24-inch armour-plated citadel, and 
whose unprotected ends with their cork chambers 
formed only secondary features affording additional 
security if need be against disaster. To show that 
this was the accepted view, even among those most 
favourable to the ship, we may quote our contem- 
porary The Engineer, who so late as the 21st of Sep- 
tember last, after urging that the question whether 
the cork can or cannot be blown out of the ship 
must be to a certain extent a matter of opinion, 
says: ‘‘ This point is, however, one of secondary im- 
portance, because, unless the Admiralty can prove 
that the Inflexible will be stable after her upper 
works have been blown to atoms, the ship must be 
pronounced in a very great degree a failure, and the 
arguments of the Government unsound.” 

t us now see from the report of the Committee 
how the fact stands with reference to the dependence 
of the ship for stability on her unarmoured ends. 
It will be seen in the answer to the second question, 
“ As to whether there would be any risk of the ship 
capsizing if she were placed under the conditions 
mentioned in the previous paragraph [viz., the com- 
plete penetration and water-logging of the unpro- 
tected ends of the ship, and the blowing out of the 
whole of the stores and cork by the action of shell 
fire], supposing that the water ballast for which pro- 
vision has been made, were admitted into the double 
bottom of the armoured citadel, or whether she 
would retain a sufficient amount of stability to 
enable such temporary repairs to be executed as 
would enable her to reach a port.” 

This is simply the condition, be it borne in mind, 
without the cork and canvas which the security 
of the ship was not to be dependent upon. The Com- 
mittee say (and mark the guarded way in which it 
is put): ‘We find that under the extreme con- 





ditions assumed the ship, even without water ballast, 
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would yet have stability, and would, therefore, float 
upright in still water, and we are of opinion that the 
stability that she would have in that condition, 
though small, is in consequence of the remarkable 
effects of free internal water in extinguishing roll- 
ing, sufficient to enable her to encounter with safety 
waves of considerable magnitude. The ship under 
these circumstances, however, would require to be 
handled with great eaution. The admission of water 
as ballast increases the amount of stability, and is 
thus of advantage as against steady inclining forces, 
but on account of the deeper immersion it involves, 
it does not materially increase the range of the 
stability. "When the immersion is such as largely to 
increase the depth of the water on the middle deck, 
it appears that the extinguishing effect of such water 
becomes less vigorous, so that in a seaway the ship 
would in the extreme condition be safer with a mode- 
rate than with a very large amount of water ad- 
mitted as ballast.” 

«Tt must be clearly understood, however, that we 
should consider the ship in a very critical state if 
reduced to this condition in the presence of a still 
powerful enemy. Her speed and power of turning 
would be so limited as to prevent her being 
mancuvred with sufficient rapidity to insure her 
against being effectively rammed, or so as to avoid 
a well-directed torpedo, while the small residuum 
of stability she would possess would not avail to 
render such an attack other than fatal. Her guns 
would also have to be worked with great caution, 
and under restrictions imposed by the high angle 
to which their combined movements would in 
broadside firing heel the ship. We have already 
expressed our opinion that it is in a high degree im- 
probable that the ship would be reduced to this 
condition, even in a protracted engagement. We 
think that the destruction implied by the extreme 
condition assumed, would be such that nothing 
effective could be done in the way of repair at sea 
under any circumstances,” 

Here everything is vague, general, and at first 
sight strikes the reader as being well weighed and 
cautious, 

A significant light is thrown, however, upon 
the condition of the ship, as here referred to, ina 
——— on page 16, which we must quote, for it 

oes not appear in the summary, and is likely to 
escape attention. It says: ‘The Inflexible riddled 
and gutted, and without water ballast, going at the 
7.24 knots, and turning in the circle of 1210 ft. in 
diameter, would require a righting lever or G Z of 
-13 ft,, and as the value of GZ at her maximum 
stability in this condition is only .12ft., she would 
on this supposition overset. It is, however, not to 
be ex that the ship under this condition could 
be driven at this speed, which with the Thunderer 
corresponded with 11.14 knots on the straight 
course.” 

This h is somewhat obscure in its re- 
ference to the Thunderer when separated from the 
context and we shall discuss it more fully hereafter, 
but it is valuable in connexion with the point under 
consideration for two reasons. Firstly, it shows 
how small the maximum stability of the Inflexible is, 
by the Admiralty calculations, when the ends are 
riddled and without the cork, a point that has 
hitherto been carefully kept back. Secondly, it 
shows that if the vessel in this condition was being 
turned under her helm at half speed she would be 
capsized in still water! The maximum length of the 
—— lever is only .12ft., or less than 1} in. ; 
only one-seventh, in fact, of the righting lever of 
the unfortunate Captain! Put in another way the 
dynamical stability of the vessel in this condition, 
or the work necessary to capsize her is less than one- 
twentieth of the work nec to capsize the 
Captain! No wonder, indeed, can be felt when this 
nown, at the Committee’s assertion that she 


is 
would capsize under the action of her own helm at 
half speed! Yet as we have shown the intention of 


the design was, and the promise held out was, and 
the implied fulfilment quite recently was, that the 
ship would be absolutely safe in this condition. And 
these figures are given for the ship after the armour 
deck has been pierced to let the cables go below, 
the masts removed, and other chan made to 
squeeze what little stability is here indicated, after 
the present controversy arose. How do the Com- 
mittee deal with this condition of the vessel? Their 
opinion of the probabilities of this state being reached 
in an ent is, as we have said, merely begging 
the question, that can only be settled by ery 

ents, and with this we shall deal hereafter. 
But how do they describe the vessel's state? An 


examination of the language in which they express 
an obvious state of utter unseaworthiness will be 
found interesting and significant, and will help us 
27 ga ae value a the used in 
other parts 0 e report. ey do not say, as we 
are quite sure our a a that the ship 
having such a small fraction of the stability that 
proved too little for the Captain, and being in 
such a state that she would capsize by the action of 
her helm, would in all human probability go to the 
bottom in a sea-way, andis to all intents and pur- 
poses in the condition the Times and Mr. Reed said 
she would be in. The Committee, however, would 
only consider the ship in a very critical state if 
reduced to this condition in the presence of a still 
powerful enemy! as if any foe other than the 
ocean could be necessary to render such a case 
critical. Again, their apparent admissions that she 
would have to be handled with caution, and that 
she could not be manceuvred with sufficient rapidity 
to insure her against being effectively rammed, or 
so as to avoid a well-directed torpedo, are facts it is 
true, but they are facts put in such a way as to hide 
the real truth, and to avoid saying, what must force 
itself on the mind of any one, that the ship in that 
condition is hopelessly — and unsafe. Yet 
this is the condition in which oftener than in any 
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other the safety was promised and guaranteed by 
the Constructors. How it is ible in view of the 
above figures for the Committee to say she has 
sufficient stability to enable her to encounter with 
safety waves of considerable magnitude, we cannot 
conceive, Of this we may be quite sure, no one 
would dare to put it to the test in this country, by 
risking valuable lives on the faith of such an asser- 
tion. Captain Boys bases his opinion that the cork 
cannot be blown out, on the assumption that the 
vessel in the intact condition will not roll, The 
Committee are equally certain the Inflexible would 
not roll in her crippled condition, Doubtless when 
a ship is water-logged she is not so lively as ordinary 
hm. ty but water-logged ships as a rule end by 
turning over and fein to the bottom. It is more- 
over in the recollection of every one that it was 
claimed to be one of the chief merits of the Captain 
that she would not roll, and the constant repetition 
of the assertion did perhaps more than any other 
single cause to blind the present Constructors of 
the Navy to the dangers of that unfortunate ship. 
For this reason among others, we view with the 
utmost alarm the propagation of such ideas as that a 
vessel in a — condition, unable to turn at 
half without capsizing, and with a maximum 
righting lever of less than 1} in., has stability suffi- 
cient to enable her to encounter with safety waves 
of considerable itude. 

The Committee’s recommendation to stop the 





construction of the other ships of the Inflexible type 
atones in some measure for their over-indulgence to 











her, and their discovery of the dangers existi 
regard to her longitudinal stability will go far to 
rescue their inquiry from the charge of failure. 
Their statement that, ‘At present the inclining 
moment due to the running out of the guns is over 
1600 foot-tons, and becomes a serious element of 
danger as the ship approaches the riddled and 
gutted condition,” and their strong recommendation 
that the travel of the guns on their slides should 
be reduced to mitigate this evil as much as possible, 
show how little faith they have in their own re- 
corded opinion that the ship would never be brought 
to a condition needing such precautions. We must, 
however, return to a consideration of this part of 
the subject next week. 





THE INSTITUTION OF CIVIL 
ENGINEERS. 


We last week endeavoured to explain clearly 
wherein lies the real cause of the present difficulty 
in the Institution of Civil Engineers, and we pointed 
out what appear to be the best means of removing 
that difficulty, and restoring the unity by which 
alone the prosperity of the Institution can be in- 
sured. at so large a number of engineers eligible 
for Membership, has been consigned to, and kept in 
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the ranks of the Associates, is certainly due to the 
action of the Council, and the responsibility of this 
breach of the Constitution rests with them. But it 
is equally certain that the greater responsibility rests 
with the Members themselves, for not having done 
their part in carrying outthe intention of the founders 
of the Institution, and relieving the Members of 
Council more frequently of the labours of adminis- 
tration. 

In this respect it is evident that the Members have 
failed signally in their duty, for year by year the 
Council have furnished them, according to the re- 
quirements of the bye-law, with a list containing a 
sufficient number of new names to secure, if they 
were annually passed into the Council, that healthy 
circulation necessary for active and unbiassed ad- 
ministration. 

Every year the list submitted comprises the names 
of twenty-three Members, from which electors are 
requested to select. Of this number seventeen 
already hold office—the President, four Vice-Presi- 
dents, and twelve Members. There thus remains a 
balance of six or more gentlemen (this year there are 
eight) suitable, in the judgment of the Council, to 
administer the affairs of the Institution, and to make 
room for these, the electors should displace a corre- 
sponding number of the existing Vice-Presidents, 
or other Members of Council. By so doing there 
would be always in office about eleven old as agai 
the six new Members, a majority quite cient 
to insure a —— inistration, while the new 
members periodically elected would be numerous 
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enough to prevent anything like the stagnation 
— the Members have through neglect permitted 
exist. 


To illustrate graphically the effect of this long- 
continued state of things we append a diagram, 
which shows how slight and entirely inadequate the 
changes have been during the last sixteen years. 
The Members in fact have allowed the annual 
elections to degenerate into an idle form, and gentle- 
men elected as Members of Council are practically 
elected in perpetuity, unless they resign, or until 
succeeding sessions drift them from being ‘‘ other 
Members of Council” to the rank of Vice-Presidents, 
and finally to the Presidential chair. 

The anomaly of the present state of things is 
evident when it is remembered that while the bye- 
laws enact that ‘ the President, Vice-Presidents, and 
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Members and Associates of Council shall be elected 
annually,” and while a mew President is perforce 
elected every second year, the Members of Council 
remain practically unchanged. This remark, how- 
ever, does not apply to the three Associates of 
Council who are shifted annually, and it may fairly 
be asked : If it is a good and proper thing that the 
Associate members of Council representing the 
more numerous section of the Institution should be 
changed annually, why should not the same regula- 
tion be applied to the representatives of the smaller 
portion of the Society? It would certainly appear 
that the Council, seeing the Members neglect to 
look after their interests in the Institution, have 
taken those interests in charge, and, after the long 
term of office many of them have held, they have 
grown naturally to regard these interests from their 


LINCOLN, 


own point of view, and moulded them correspond- 
ingly. The result has been exactly what has been 
long foreseen by many Members and Associates and 
some Members of Council. 

It would be difficult to remind Members too 
strongly of the re pp rp devolving = them 
from this neglect of duty on their part, They feel 
the evil results, they understand its cause, they 
know the remedy. It rests with them to apply it 
without loss of time on the occasion which the 
approaching election will afford them. The Members 
of the Institution are so widely scattered, not only 
through the United Kingdom, but in all parts of 
the world, that the wishes of the great majority 
of the Members cannot be definitely expressed at 
the election meetings. Under the most favourable 
circumstances! only about 15 per cent. of the body 
is present to vote for all the rest, There might be 
practical difficulties, indeed, if all or even 50 per 
cent. of the Members asserted their right and came 
down to Great George-street on election night. For 
this reason we remind Members who can and will 
be present at the approaching meeting, that each 
one is voting not only for himself, but for six or 
seven fellow members not present, and his responsi- 
bility is correspondingly increased. 

The forthcoming annual election will take place 
next Tuesday evening, the 18th inst., at 8 o’clock. 
The list of candidates for election has been circu- 
lated, containing the twenty-three names put for- 
ward by the Council. The following fifteen are 
those of gentlemen now in office (the present Pre- 
sident retiring), viz., Mr, James Abernethy, Sir W. 
G. Armstrong, Mr. W. H. Barlow, Mr. T. F, Bate- 
man, Sir J. W. Bazalgette, Mr, G. Berkley, Mr. F. 
J. Bramwell, Mr. G. B. Bruce, Mr. J. Sarria 
Sir J. Coode, Mr. H. Hayter, Mr. W. Pole, Mr. C, 
W. Siemens, Sir J, Whitworth, and Mr, Edward 
Woods. The eight new nominations for Members 
of the Council are Mr. W. Baker, Mr. W. Froude, 
Mr, J. Hick, Mr. G, F, sie Mr. J. Ramsbottom, 
Mr. D, Stevenson, Mr. B. B. Stoney, and Mr, J, 
Taylor. Now all of these gentlemen are eminently 
fit to serve on the Council, they are submitted for 
the purpose of being elected, and it rests with the 
Members present to elect them. By referring to 
the foregoing diagram it will be seen how many 
years a number of Members have already consented 
to serve, and it will be easy for voters to find room 
for all the new nominations of the Council. To do 
so they have only to erase the names of a correspond. 
ing number of Members of the present Council— 
pcre or otherwise—from their balloting 

ist. 

Members will do well to bear in mind, that they 
cannot always, if they wished, command the ser- 
vices of the present Peace of Council, and for 
that reason alone, although there are others, as we 
have pointed out, and far weightier ones, they 
should hasten to change the composition of the 
Council, so that the new Members may profit by 
the experience of the o'der ones who remain, and 
so become familiar with the duties and responsibili- 
ties of their position. 

We feel assured that every Member of the Insti- 
tution has its welfare deeply at heart, though we 
believe that but few have realised the dangers which 
surround it. To bring these before them we have 
devoted much time and space, and we trust not in 
vain. We hope that the house in Great George- 
street will be much more numerously attended on 
Tuesday than has hitherto been the custom on 
election nights, and we earnestly recommend 
that all Members who can possibly attend should do 
so and aid to rectify the results of past indifference 
on the part of the Body Corporate. 








METROPOLITAN WATER BILLS. 

TuE attempt of the Metropolitan Board to secure 
a new and independent supply of pure water for 
London from the chalk strata, as recommended by 
Messrs. Bramwell, Easton, and Sir J. Bazalgette, was 
alluded to at page 402. We regret to find that at 
recent meetings of the Board the resolutions to 
promote a Bill for the above purpose, and for the 
purchase of the existing eight metropolitan water 
companies, met with comparatively little support 
within the Board itself, as, on one or two occasions, 
the majority in favour of the Bills amounted to 
about three, although certainly the preamble of the 
Bills was finally agreed to last week. It is most 
likely that the old companies will greatly rely on this 
apparent lukewarmness ‘on the part of the Board 
during the contest which will ensue before a 





Select Committee that must inevitably be agreed to 
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in the next Parliamentary session to settle (let us 
hope) the question of the water supply of London, 
It may perhaps be desirable, therefore, to briefly 
analyse the situation, as it at present exists, in its 
various aspects, 

We have heard, ad nauseam, of the present im- 

urities of the Thames and Lea waters. In July last 
Dr. Frankland described the supply of the South- 
wark and Vauxhall Company as “ full of moving or- 
ganisms,” and it ‘‘contains an excessive proportion 
of organic impurity.” On the report being brought 
to the notice of Mr. Sclater-Booth he ordered at 
once a special inquiry, under Section 35 of the 
Metropolis Water Act, 1871, by Major Bolton, and 
stated in the Commons that ‘it remains to be 
ascertained what further works may be necessary to 
put this company’s supply into a satisfactory state, 
and what effect the works already executed will 
have upon it.” 

These remarks, quoted verbatim from Hansard 
(page 1321, vol. 235), give a categorical expression 
of the state of the water supply of London at the 
present time, excluding, of course, the Kent supply 
from the chalk strata. ‘‘ It remains to be ascertained 
what further works may be necessary,” not only as 
regards one company, but of all the rest with the 
exception of that just alluded to, and it is this 
question which the Metropolitan Board wishes to 
settle. It must be remarked, however, that it is 
scarcely possible for the Board to succeed with their 
new scheme, unless they secure the purchase Bill 
also, or get such modifications of the rights of the 
present companies as will give full powers to carry 


date amounted to 184,388/., the actual revenue for 
the half-year from all sources amounted, including 
a balance of 11,000/., to 190,064/. The expenses for 
maintenance were 50,469/. and for management 
14,795/., leaving a net revenue for dividend and 
interest on the half-year of 113,799/. But the 
auditor reports that 223,096/. was available for the 
payment of dividends on the capital stock or shares 
of the company amounting to 1,883,138/. capable of 
receiving the highest interest, the. interest at much 
lower rates being ]9,512/. for the half year for loans, 
&c, These figures generally multiplied by four will 
give some idea of the probable amount of capital, 
dividend, &c., possessed by all the London com- 
panies. But in estimating the probable amount of 
money required by the Metropolitan Board it must 
be remembered that the present price of stock 
is at an enormous premium, and in view of a possible 
purchase, prices are almost daily increasing in value. 
We may perhaps be not far wrong when we state 
that at least 15,000,000/. would be required to pur- 
chase the existing rights of the metropolitan water 
companies. The financial details of the new scheme 
we have recently given at page 402 anée in our re- 
marks on ‘* The Water Question.” 

To carry out the new supply from the chalk the 
Board proposes to provide on the high ground to the 
north and south of London, four covered service 
reservoirs, holding an aggregate quantity of 
32,000,000 gallons, or enough for four days’ supply. 
These reservoirs would be at a height of 400 ft. 
above the Ordnance level, and from each reservoir 
would proceed sets of arterial mains, which would 





traverse the metropolis (crossing the river) and 





out their ‘* pure” supply without let or hindrance. 

For the sake of clearness we confine our remarks 
as nearly as possible, as regards date, to last July. 
It appears that in the last week of June the total 
daily supply for all purposes gave an average of 
132,570,858 gallons, against 123,192,817 gallons 
at the same period in 1876, The number of 
houses, &c., supplied was 533,440 in 1877, to 
526,541 in 1876. ‘The return for June, 1877, as 
compared with that of the corresponding month of 
1876, shows therefore an increase of 6899 houses, 
and an increase of 9,378,041 gallons of water sup- 
plied daily. It appears, therefore, that in one year 
the increase onada daily the total average daily 
supply of some of the largest towns of the kingdom, 
for example, Leeds, &c. In London last July, the 
actual daily supply to each house was a little over a 
ton in weight, while each person averaged a con- 
sumption of 35 gallons, against 33 gallons in June, 
1876. 

Now any person, without the least knowledge of 
either engineering or sanitary science, must see 
that such a consumption is preposterous. “ Compare 
it, for example, to the supply of water actually 
required, based on the daily experience of domestic 
life. It is true that a portion must be deducted 
for water used for manufacturing purposes, but 
this would still leave a supply of 28 gallons to 
each person, or about equal to double the weight 
of an adult man. 

An argument for animproved and constant supply 
of water may be drawn From the report of Colonel 
Henderson, the head of the Metropolitan Police, for 
1876. He states that during 1876, there were 
226 new streets, and three new squares handed over 
to the police, the length thus added to the metropolis 
being over 36 miles, During the year, 12,938 new 
houses were built, and 4151 were in course of erec- 
tion. It appears that since 1850 no less than 
1247 miles of new streets have been opened in the 
metropolis. Can there be a stronger argument in 
favour of an immediate and final settlement of the 
water question in London ? 

At the meeting of the British Association in 
August last, at Plymouth, Mr. Bramwell gave an 
exposition of the scheme recommended by him, 
Mr. Easton, and Sir J. Bazalgette, which dealt 
with the financial and other details. He estimated 
the aggregate capital of the existing eight water 
companies at over 11,000,090/., their gross income 
from water at 1,137,000/.,, beside 16,000/. from 
land-rents, making a total of 1,153,000/. The 
expenses were 447,500/., leaving thus a net income 
of over 700,000/. But to enter into more minute 
details, we may take, as a type of the others, 
the New River Compary, which supplied dail 
29,254,000 gallons in June last, or nearly the fourth 
part of the whole metropolitan supply. 

From the last official report, ending December 31, 
1876, the entire capital of the New River Company 
was 2,856,541/., or about the fourth of the capital of 


would be coupled up so as to put all the reservoirs 
into communications, From these arterial mains, 
supply mains would proceed along the streets. 

In an engineering point of view, Mr. Biddle has 
remarked that the plan has the great advantage of 
utilising the water which of right belongs to the 
locality ; it does not go beyond the Thames basin in 
search of asupply. By allowing the present means 
of water supply to continue, and by making the 
supply of pure water a mere fractional addition, the 
proposal, if adopted, will insure that an ever-increas- 
ing quantity of water shall be withdrawn from the 
Thames, and conveyed through the metropolis by 
safe channels ; whereas, if water were obtained from 
sources extraneous to the London basin, the already 
over-burdened channel of that river would be re- 
pleted, and the danger of floods constantly in- 
creased. 

In a sanitary and household economic point of 
view, the scheme is excellent, for it will supply pure 
and soft water. At the present time the annual 
domestic loss in tea and other kinds of food requiring 
water for their cooking, &c., is enormous, owing to 
the hardness of our supplies. Many other advan- 
tages might be enumerated, but sufficient has been 
said to show that the Metropolitan Board deserves 
the heartiest support of the entire body of rate- 
payers in the coming Parliamentary contest, 








THE PENNSYLVANIA RAILROAD. 
No. L. 

WE this week publish a two-page engraving show- 
ing the remaming views of the first-class standard 
passenger car, described by us on e 404 ante. 
Figs. 5 and 6 show the side and roof framing, Fig. 7 
is a transverse section showing under-frame, and 
arrangements of end doors and windows, Fig. 8 is 
an end elevation of the car, Fig, 9 is. partly an 
end elevation and partly a section, and Figs, 10 to 
18 are enlarged details of side and roof framing. 
The description of this car, already published, is so 
complete that we need not further refer to it, 

On page 460 we co ape the plan of a special or 
directors’ car, of which a few are built for the use 
of the President and Board, the General Manager, 
&c. The one illustrated is that belonging to Mr. 
Gardner, General Superintendent. Externally the 
car resembles the general types except that it is of 
somewhat better finish, The length of the body is 
46 ft. 7 in., and the width inside 8 ft. 6 in. Itis pro- 
vided with end platforms furnished with gates at 
the sides so that the platform can be guarded on all 
sides, The trucks are of the ordinary character. 
The car internally is divided into four compart- 
ments, the first of which is the main saloon ]4 ft, 
long; the end of this compartment is bayed as shown, 
so as to give increased room, It is fitted up on each 
side with tables, desks, and schedule cases, and con- 
tains every accommodation for writing and transac- 





the whole companies. The water rents due to thats 


ting the business arising on the superintendent's 





special trips. The second room is 12 ft. 6 in. long and 
is used as a dining, bedroom, &c. At one endare two 
stationary chairs, and at the other two movable 
ones. Attachments are made in the floor for fixin 
a dining table, and at night two berths can be fitted 
up. The third compartment contains a state room 
containing two berths, one above the other, toilette 
accoaliiietation, water-closet, presses, &c. At the 
side of this is a passage, and a second closet and 
lavatory. The passage leads to the fourth com- 

t which contains the kitchen, and is fitted 
with all the accommodation necessary for cooking 
and table service. 

The Pennsylvania Railroad own and run a certain 
number of sleeping cars, but the Pullman Company 
work their cars not only from the lines owned and 
controlled by the railroad, but also the through 
service, making use of the main and branch lines of 
the Pennsylvania. Company. The conditions of 
travel rendered some arrangement to be made be- 
tween the various companies whose lines connected, 
and who madejuse of Pullman cars. Accordingly, 
some years ago, twelve of the leading connecting 
companies prepared an agreement, under which 
the joint action is as follows: ~ 

A clearing clerk is located at Pittsburgh, in the 
office of the Superintendent of the Central Trans- 
portation Division of the Pullman Palace Car Com- 
pany, whose duty it is to receive from the various 
companies over whose roads the sleeping cars run, 
a monthly statement of the expenses charged 
against each car, and from the Pullman Palace Car 
Company a statement of the mileage made by each 
car on the several roads, The clearing clerk keeps 
a record of each car, showing the mileage made by 
it on the different roads over which it has been 
run, and-also exhibiting the expenses charged 
against it by each company. 

erly statements are prepared by the clearing 
clerk, showing the mileage made by each car, and 
the expenses charged against it by the several com- 

over whose roads it may have run, and 
settlements are made in accordance with these 
statements, each road being charged with the mileage 
expense of the car over its line, and credited with the 
amount of expense placed by it upon the car, 
Balances are settled quarterly. ‘These quarterly 
settlements are considered as merely approximate 
ones ; final settlements being made at the end of 
each year, in the same manner as the quarterly 
settlements were made, viz., the total expense placed 
on each car during the year is divided by the mileage 
made by it; the expense per mile run having then 
been ascertained, each company over whose road 
the cars may have run during the year is charged 
with its mileage expense, and credited with the ex- 
pense 'that it has placed upon it. Balances are then 
settled and considered as final. 

The expenses which are charged against the cars 
include repairs, fuel for heating, gas, oil, or candles 
for lighting, and the expense of washing and clean. 
ing the cars, and oil and waste for packing journals. 
Renewals of flat or cracked wheels, or of worn-out 
journals, are considered as proper charges to the 
general repair account of the car, provided they 
have resulted from accidents or improper usage; 
but any repairs made necessary by accidents, 
whether the accidents occur from defects of the 
cars themselves or otherwise, are borne entirely by 
the company on whose road the accidents may 
occur ; this rule applies even when accidents occur 
from defects in the cars that could not have been 
discovered by inspection. ‘The salary and expenses 
of the clearing clerk are borne by the several roads 
in proportion to the mileage made by the cars. 

ll sleeping cars, including those run exclusively 
in the local trade of any one of the roads, are re- 
ported to the clearing clerk, so that if the cars 
are temporarily transferred to through runs, the 
roads over which they may run may be charged 
with their proportion of the expenses for the 
service. 

The total average expense per mile run of 
all the sleeeping cars is not taken as the basis of 
settlement, but the account of each car is kept 
separately and itsexpense divided in proportion to 
its mileage. ‘This arrangement is renewed yearly, 
but it may be terminated by any one of the com- 
panies, upon notice being given thirty days before 
the close of the year. 

STANDARD FREIGHT CaR TRUCK, AND SPRINGS. 

On page 460 we give illustrations of the standard 
freight car truck, and springs. ‘The trucks have four 
33-in. chilled cast-iron wheels mounted on wrought- 
iron axles 44 in. in diameter. The bearings in the 
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wheel seats are 4 in, in diameter and 6} in. long, 
the journals are 4 in. in diameter and 7 in. long. 
The form of axle box is shown in the drawings. 
The wheels are placed 4 ft. 10in. apart and are con- 
nected by the framing outside the wheels as shown. 
It consists of a horizontal bar passing between the 
axle boxes and fitting into recesses on their lower 
sides; on the top of the axle boxes, and fastened b 

through bolts, are the ends of plates ] in. thick 
which diverge towards the middle of the truck until 
they are 16 in. apart, when they again become hori- 





zontal, and rest, the lower member, on the bar before 
mentioned and the upper on the end of the bolster ; 
through bolts passing inside cast-iron distance pieces 
secure the structure together. 
consists of one timber 10 in. by 8 in., reduced 
at the ends for a distance of 10 in. to allow 
the upper bar of the side frame to passover it. The 
beam is trussed as indicated, the truss-rods passing 
in the centre under a wooden packing and cast-iron 
saddle. The lower bolster is 6 in. by 10 in., and 
7 ft. 3in. long, and is trussed similarly to the upper 
one, but with only one rod. To both bolsters the 
the brake rigging is attached, and the floating beams 
are hung to the upper one, as shown, The springs 
are omitted from the drawing. The turning-plate on 
the truck is of the form and dimensions indicated. On 
page 460arealsoshown thestandardspringsemployed. 
They are 2 ft.9in.long, and are built upofseven plates 
# in. thick, and tapered off to ,%, in. at the ends; the 
plates are parallel throughout, and 3 in. wide, the 
overlap of each leaf, except the top one, is 2}in., 
that of the latter at each end is 1}in. The section 
at A B shows the mode of fitting the leaves together ; 
= ene is 3,5; in. deep, and 3 in. wide, and yy in. 
thick. 








THE INSTITUTION OF CIVIL ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—It is from no wilful obstinacy on my part that I 
have hitherto failed to see the necessity of altering the 
classification at the Institution, and I venture to think it is 
from no unconscious bias, for I am personally indifferent 
to the whole question as to whether I am to be classed as a 
tweedledum or a tweedledee engineer. Under any circum- 
stances I enjoy the same privileges of attending the meet- 
ings, joining in the discussions, consulting the library, and 
worrying our hard-working and all-enduring secretary. 
However, from the hubbub raised it is clear that there is 
something in a name after all, and it would appear that 
tweedledum is a more envied distinction than tweedledee, 
because by usage and tradition, though not by original de- 
sign, the terms are supposed in some way to indicate a 
man’s position in the profession, and it is urged that it is 
very hard upon the tweedledees to associate with them 
members of professions merely allied to engineering. — 

To remedy this terrible state of affairs the Council tast 
year proposed to split the associate class into “‘ e eers”” 
and “ others,”’ but it seemed to me then, and still seems, 
that this would effect nothing, unless indeed it were deemed 
expedient, rightly or wrongly, to devise machinery for fur- 
ther limiting the class of ‘‘ Members.’”’ Associate-member 
simply implied that a man was an engineer as well as an 
associate, and it would certainly appear that any one, how- 
ever remotely interested in a man, would at least know that 
he was an engineer of some sort, and not a lawyer or par- 
liamentary agent, whilst if he were sufficiently interested 


in the man to contemplate employing him the ane 
classification would help him nothing, for under it he might 
engage a doubtlessly very estimable and properly qualified 


marine engineer, but start him upon the uncongenial work 
of parliamentary surveying and levelling. 

The fact is, that a man’s position in the profession, as 
desired to be known by those proposing to employ him, is a 
function of many variables, of which the man’s classifica- 
tion at the Institution is one of the least sy geo The 
ie for change make u=f (z), whilst I contend they 
should write u=f (# y «), for a man’s position in the pro- 
en et jad a required about a will be de- 
pen a upon the particular branch of engineering 
which he has adopted as a specialité=a; op the suc- 
cessful, economical, and zealous execution of works pre- 


The upper bolster | alfred 





viously entrusted to him=y ; and, lastly, if any one care t® 
pursue the inquiry so far, upon the status assigned him 
the Council in the Institution=z. It — tome that a 
the arguments advanced in support of last year’s scheme 
are based upon the false assumption that u=f (2), and 
—— altogether the existence of the more important vari- 
ables # and y, and by a course to my mind as hopelessly wrong 
as would be , attempt = = the = of F. ont by 
giving one ension only. e proposition to split up 
the {associate class has = ae iven rise to a regretable 
amount of angry discussion, whilst the only thing which 
could be effected by it would be to inform some h 
thetical individual that Mr. A. was an engineer, and not a 
lawyer or parliamentary agent; but it would leave him 
quite in the dark as to whether Mr. A. knew more than the 
lawyer or agent about the particular branch of engineering 
in which he was interested. 

It is rumoured that the Council are willing to transfer 
all engineering associates to the class of members, pro- 
vided the latter class be split up into two bodies. This, in 
my opinion, would simply amount to the reintroduction of 
the false assumption that w==f (x), to say nothing of the 
vast difficulties which would encountered in adjusting 
and satisfying the claims of the members. Seniority as a 
test of merit is an exploded fallacy, and its introduction 
now at the Institution would be an anachronism. Indeed, 
we know but too well that a man may be good enough now 
and yet gradually deteriorate, until a few years hence, 
through a visitation of Providence or whisky, he will have 
descended almost to the stage of helpless imbecility. 

Yours faithfully, 





THE ELECTRIC LIGHT. 
To THE EDITOR OF ENGINEERING. 

S1r,—Mr. Robert Sabine, in writing to you on the 
28th November, put the question of priority in conceivin; 
the dynamo-electrical reaction principle very tersely, an 
having conceded the priority of publication to my brother, 
I should not have thought it necessary to trouble you 
with any further remarks upon this subject, if Mr. S. 
arley had not lost sight of his avowed intention of 
allowing the question to drop, by sending the letter pub- 
lished in your last issue. 

Mr. 8. Alfred Varley again brings forward as a proof 
of his priority the bare fact of his having filed a provisional 
specification (which I need hardly say is a strictly ager 
document) on the 24th December, 1866, that is say, 
some time after the principle in question had been com- 
municated at Berlin to a number of scientific men. In 
order to improve his position Mr. 8. Alfred Varley, in his 
previous letter of the 5th November, 1877, shows that his 
machine had been constructed in September, 1866, or three 
months previous to his —— for provisional protec- 
tion ; Mr. Sabine in his letter brings forward proof that a 
machine was constructed for the late Sir Charles Wheat- 
stone somewhat previous to Mr. 8S. Alfred Varley’s date ; 
and I am in a position to state that the machine upon 
which the first experiments were tried at Berlin (a 
Wippe or automatic current reverser) had actually been 
constructed several years previous to 1867. The expla- 
nation of this fact is simple, and is contained in my 
letter to you of the 30th October last, viz., that the 
dynamo current is ayn by simply turning an electro- 
magnetic engine what may be termed ‘“‘ the wrong way.” 
The mere circumstance, therefore, that gene used 
in these experiments had been constructed previous to 
1867, proves simply nothing except perhaps the futility of 
tracing the origin of a discovery from any other date than 
that of its first publication. 

Mr. 8. Alfred Varley endeavours to throw a doubt upon 
my brother’s first publication of the accumulative principle 
by the fact that we applied for certain letters patent involv- 
ing that principle sixteen days later, and concludes ‘‘ that 
business men are not in the habit of invalidating their 
patent rights by publishing their invention before pro- 
visional protection has been obtained or at least applied 
for.” Mr. S. Alfred Varley seems to have lost sight of 
the fact, that the enunciation of natural principles belongs 
to pure science, and does not form a legitimate subject for 
a patent, whereas applications of those principles to usef 
Pp ses, and combinations of parts to give effect to such 
Lae applications, are what does form a proper subject for 
a patent. In searching further Mr. 8. Alfred Varley will 
find not one but several such patents taken out by my 
firm since 1866, leading up step by step to the light-pro- 
ducing machine now adopted by the Elder Brethern of the 


Trinity House. 
Yours faithfully, 
C. WILLIAM SIEMENS. 
12, Queen Anne’s Gate, December 10, 1877. 


ENGINEERING CALCULATIONS. 
To THE EpIToR oF ENGINEERING. 

S1r,—I have only just read your article on the above 
subject, and wall remark in connexion therewith that 
from the want of meer text-books in the English 
lan; e, English and American engineers are placed under 
a considerable disadvantage as compared with their Conti- 
nental brethren, and the effect is visible in the extraordi- 
nary misconceptions which prevail on certain elementary 
points. For instance, a few weeks ago, in reply to a query, 
one of the leading American scientific jour said that a 
weight of 100 Ib. falling 8 ft. was equivalent to a steady 
pressure of 283 Ib., and quite recently I was asked a ques- 
tion by an English engineer, which as far as I could gather 
was: ‘Given a tri field of 100 acres, cut off a 
portion by a fence parallel to the base, and define the 
number of turnips in the poprnceer: Instances might 
be multiplied of the want of graer of first principles result- 
ing from defective training, but I will not intrude further 
on your space. Yours obediently, 











NOTES FROM THE SOUTH-WEST. 

Proposed Tramways for Eweter.—A special meeting of 
the Exeter Town Council was held last week to finally de- 
termine whether or not the consent of the corporation 
should be given to an application which Messrs. Best, 
Webb, and Co. are about to make to the Board of Trade 
for powers to construct a line of tramways in Exeter. 
Mr. Kincaird, the promoter’s engineer, attended and gave 
a lucid a of the details of the scheme, which was 
approved by the council by thirty votes to nine. 


New Steam Fi for Torpoint.—Some failures have 
taken place in the old and new ferries between Devonport 
and Torpoint, and the proprietor, Mr. W. H. Pole Carew, 
of Antony, has ordered a new bridge to be at once con- 
structed. At present the service is carried on by a new 
and improved bridge made by Messrs. Willoughby Brothers, 
of Plymouth, in 1871, and an old and antiquated wooden 
vessel used in time of necessity. Of late, the new vessel 
has been unemployed, while her engines and boilers were 
being overhauled, and the old one has proved its utter in- 
capacity for much further use. Several months since 
Messrs. Willoughby had orders from Mr. Carew to prepare 
plans for a bridge to replace the wooden one, and the 
engineers have made minute inspections of various ferry 
boats in other parts of England. The result has been that 
pee have been submitted to Mr. Carew, and approved by 

im, and an order has been given for the work to be at 
once proceeded with, so that the bridge may be completed 
by midsummer next. In outward appearance it will not be 
very different from an iron ferry at present at work, the 
main alteration and certainly improvement being in 
to the deck-house or saloon, which is to extend from end to 
end of the vessel, the house to be constructed of iron plating 
instead of wood, as formerly used. Internally the deck- 
house will an pany from others. At each end their 
will be stairs leading to the upper deck, and passengers 
can reach the saloon from either end, at considerable 
convenience. The machinery will senae Se middle por- 
tion of the vessel, and the engines are to be the hammer 
type, fitted with s condensers. There will be a boiler 
at each end of the engine compartment, and each will have 
its own funnel. Entrance to the machine rooms will be 
from the sides, and not as at present through the cabins. 
The driving wheels are to be of increased diameter, and 
the prows are to be wey improved, together with the 
od for working them. The Saltash Steamboat Company 

ve given Messrs. Willoughby an order to build an iron boat 
on the same principle as the saloon steamer Eleanor, for 
plying between Saltash and Devonport. 


Nantyglo and Blaina Iron Works Company (Limited). 
—We are requested to contradict a statement that the 
works and pits of the Nantyglo and Blaina Iron Works 
Company are now at a complete standstill. The pits at 
Blaina are all working steadily, and they produced last 
week 6000 tons of coal. 


New Dock at Penarth.—In expectation that the Bill 
which the Penarth Dock and Harbour Company are about 
to submit to Parliament, for an extension of the Penarth 
Dock, will pass, land has been taken from the Windsor 
trustees, at Grangetown, on which to erect 500 houses. 
Land for the erection of warehouses near the proposed 
dock has also been applied for. 


Bristol Tramways.—Further trials have been made on 
the Bristol tramways with an ay et manufactured by 
Messrs. Fox and Walker, and wy a ave been satisfactory. 
It is stated that a public trial of the engine will shortly 
made, and that the mayor and corporation will be invited 
to attend. The trials have shown that a tramway engine 
can be built which will travel over the severe gradients 
which are found at Bristol. The engine surmounted an 
incline of 1 in 12 with ease. Messrs. Fox and Walker 
have been entrusted with an order for the construction of 
six engines to work on the Rouen tramways. 

Trade at Cardiff.—An improvement is reported in trade 
at Cardiff during the past week, both in iron and coal, but 
the quantity of each exported is still far below the ave * 
The slackness at the collieries has caused prices for the 


‘ul | large quantity of pit wood on hand to go down from 2s. to 


3s. per ton. Prices of coal remain about the same. 








Krne’s Cotuece Enarnerrina Sociery.—An ordi- 
nary meeting of this society was held on Friday, December 7, 
1877, when Mr. P. Burges read a paper on ‘“‘ Silica Fire- 
Bricks.”” An interesting discussion followed ; a vote of 
thanks to Mr. Burges then closed the proceedings. 





NORWEGIAN Rartways.— The Norwegian railway system 
is being rapidly extended. There are now 364 miles of line 
in operation ; these lines have been constructed a% a capital 
outlay, including rolling stock, of 2,705,500/. Further 
lines are in progress to the aggregate extent of 670 miles ; 
the estimated cost of these lines is 4,230,7801. Some of the 
Norwegian lines are on a 4 ft. 8} :in. gauge and others on 
a 3 ft. Gin. gauge. The 4 ft. 84 in. lines cost 79301. per 
mile ; the 3 ft. 6 in. lines cost 5070/. per mile. 





Russtan Depositina Dock.—We are informed that 
the whole of this dock will be completed at Nicolaieff in 
the course of a few days by its constructors, Messrs. Clark, 
Stanfield, and Company, of Westminster; the first two 
portions have been very successfully used on various 
occasions, and on the completion of the third portion, the 
circular ironclads will be docked for the first time. The 
first official trial consisted in docking on a portion of the 
dock a large floating crane, which had never before been 
out of the water, and in November a large vessel, the 
Sugool, was docked on the first two portions joined 
together. The Russian authorities hn pry themselves in 
the highest degree satisfied with the whole of the operations. 
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THE PENNSYLVANIA RAILROAD: DIRECTORS’ CAR AND STANDARD WAGON TRUCK. 







(For Description, see Page 458.) 
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COFFERDAMS AT DUBLIN, BIRKENHEAD, 
AND HULL. 


Ar the fifth ordi meeting of the present session of 
the Institution of Civil Engineers, held on Tuesday, the 
11th of December, Mr. George Robert Stephenson, Presi- 
dent, in the chair, a ‘‘ Description of Cofferdams used at 
Dublin, Birkenhead, and Hull,’’ by Mr. William James 
Doherty, Assoc. Inst. C.E., was f 

The cofferdam at Dublin, from the design of the author, 
consisted of two rows of main piles, of Memel timber, driven 
at intervals of 12 ft. from centre to centre, with a space of 
4 ft. 6 in. between the rows for the puddle. The main piles 
in the outer row were 32 ft. in length and in the inner row 
from 40 ft. to 42 ft. The spaces between the piles of both the 
outer and inner rows were filled with sheet piles 6 in. thick. 
The sheet piles of the outer row were driven 12 ft. into the 

and, and, reaching up to the level of high water, were 

ft. long. Those in the inner row were of a similar length, 
driven to the level of the foundation of the new wall, 24 ft. 
below low water. On the inner sides of the dam the faces 
of the sheet piles were in a line with the main piles. 
The piling, for a length of 150 ft., was driven during the 
winter, when clay could not be readily procured for puddle. 
The author therefore substituted peat-moss, which fairly 
answered the purpose. After the exclusion of the tidal 
water when the dam had been sufficiently strutted against 
the old wall, a row of piles 25 ft. long was driven on the 
land side about 32 ft. from the inner side of the dam, and 


of the roadway to below the foundation of the old wall. 
In this piling there was a recess 10 ft, deep, and from 15 ft. 
to 20 ft. in length, in which pum s were erected. As the 
removal of the old wall was proceeded with, the stone of 
which it had been built was worxed up in the new wall. 
When this masonry and the struts against it from the dam 
had been pen whole-balk struts, 30 ft. long, were 
inserted between the land row of piles and the cofferdam. 
A row of close sheet piling, 24 ft. to 26 ft. long and 6 in. 
ick, was then driven along the land side to support the 
adjacent roadway ; it answered also to receive the strut- 
ting of the dam. The strata through which the piles were 
i of 2 ft. of soft mud, 4 ft. of san 


consisted d, 
py he ny deposit, overlying a of alluvial cla; 
from 4 ft. to 11 ft. and bed of gravel, interspersed 
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moss was therefore discontinued. The horizontal struts 
for supporting the cofferdam and the roadway were 6 ft. 
apart, vertically, for the three upper tiers, but as the pres- 
sure increased the distance was diminished to 5 ft. The 
ressure appeared to reachits greatest intensity at 16 ft. 
low low water. As it was found that the whole timber 
walings were in many instances broken, the distances 
between the main piles and struts were reduced from 12 ft. 
to 10 ft. from centre to centre. To prevent the i 
from being crushed at the point of contact with the struts, 
which were frequently indented to the extent of 1} in., 
facing pieces were spiked against the walings on the front 
and back, and against these facing-pieces the ends of the 
strats were butted. Even when the distances were reduced 
to 10 ft., these facing-pieces were splintered with the 
pressure, ~ they preserved the walings from injury. 
Although the greatest care was taken in driving the piles, 
and they presented a uniform surface for 4 ft. or 5 ft. after 
entering the ground, yet in most cases the points were 
separated from each other by intervals of from 4 in. 
to 6 in. In consequence of the sand inside the dam 
lying immediately underneath the puddle, care had to 
be taken to prevent water from getting through it. The 
only ‘ blows” that occurred di through 
dam, were caused by water making its way at some 
of the open joints or where there was a broken pile, carry- 
ing in its course the sand, and leaving a space underneath 
the puddle, which then sank. So soon as a length of 200 
linea) feet of wall had been built, a cross-dam was con- 
structed between the wall and cofferdam. The total length 






































of river wall was 2310 lineal feet, the contract price for 
which was 131,7281., or 571. 10s. per lineal foot, exclusive of 
the dredging of the foreshore. About 156,000 cubic feet 
of whole and half timbers, and 21,000 cubic feet of plank- 
ing was used. 

The cofferdam across the entrance to the Low Water 
Basin at Birkenhead was next described. It was on plan 
the segment of a circle, whose chord was 476 ft., and versed 
sine 76 ft. It was built in the year 1859-60 at a cost of 
28,0001., or 561. per lineal foot. An account of its destruc- 
tion by the irruption of water had been previously given by 
Mr. J. Ellacott, M. Inst. C.E. 

The cofferdam across the Victoria Dock at Hull was one 
of a series designed to allow the trade of the dock to be 
carried on without interruption during the time an exten- 
sion of 7 acres was being added. The cost of the dam was 
211. per lineal foot. 








Socrety or ArtTs.—ProressoR BELL ON THE TELE- 
PHONE.—In co: uence of the large attendance e 
on the evening of Wednesday, the 19th December, when 
Professor Bell will repeat his lecture on the telephone, the 
Council have made arrangements for the lecture to be de- 
livered in the great hall of the Freemasons’ Tavern, Great 
Queen-street, W.C., instead of at the society’s house. 
Every member can admit two friends to the meeting by 
means of the usual ticket, or by personal introduction. 
Members will be admitted on signing their names. 
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THE BEHAVIOUR OF SHIPS AT SEA.* compared very favourably with the Sultan; and in her | [fa ship rolls passively broadside on to the waves their real 
442.) subsequent service she has given great satisfaction. One | period and bendy ape period are identical ; if she moves 
GENERAL ience confirms the teachings of theory | Other caseof a very different kind may be cited, that of the | obliquely towards the agrending vere. their relative speed 





a 








that, on the whole, the ships with the longest still-water | Cable ship Faraday, built specially for laying submarine | of ap, is.quickened, and apparent period is less 
periods are the steadiest in +r sea-way. Out of the many | telegraph fargo Bhe wes seg r - be hap La nage a = peed " wee somes , ifa Pert 
ene lows sea-way ; propo an wage : obliquely away from the waves their ap is 
—— such as could be trusted to secure the desired ong: and made greater than the true periods. Full directions as to 
deep bilge-keels were fitted at the tion of Mr. Froude. | the mode of estimating apparent periods of waves appear in 
Approximate | 4. Their effect has been most marked; and even in very | the Admiralty circular on the subject; and, therefore, 
Squadron of 1871. Still-Water | o¢ ean Arcs | severe weather the ship has been so steady that all the | nothing need be A 

Periods. | f Oscillation. | delicate operations of laying, splicing, under-running, &c.,| One of the simplest methods of illustrating the import- 
the cables have been continued. ance attaching to the ratio of the still-water period of 
secon ds. deg. It will be understood that the fuller ition of the | oscillation to the apparent wave period, is shown in Fig. 4. 

Lord Warden ia ae 62. advantages of bilge-keels in no way lessens the force of the | Let A B be a pendulum with a very heavy ‘‘ bob,” havi 
Caledonian ... oe aad 57. arguments in favour of giving to skips the longest per a period for a aoe swing equal to the half (ap 5 
Prince Consort pare 5 to 5} 46. of still-water oscillation, compatible with other conditions | wave period. To the lower end let a second won um be 
Defence ja its 49. of the design. But insome ships (as for instance in vessels | suspended, its weight being inconsiderable. Then, if AB 
Minotaur .. ... a 35. of the central citadel type with great ag eanaye beam), | is set in motion, its inertia will be so + that notwith- 
Northumberland ... sal } 7 to 73 { 38. it is almost impossible, by changes in form alone, to secure | standing the suspension of BC, it will go on oscillating 
Hercules... mn 8 25. slowness of motion ; and then bilge-keels are most valuable. | very nearly at a constant range, equal to the maximum 


In smaller classes of ships also wherein the moment of | slope of the wave, on each side of the vertical. A few 
inertia is unavoidably , and there is a oe! for a | critical cases may be chosen. 











Auenentmats considerable amount of stiffness to carry sail, the still-water | 1. Suppose BC to be very short and grihnoving when 

French Experimental ‘SuALLW ater | Mean Arcs of | period cannot be made flong, but by means of bilge-keels, | com with the wave pendulum AB. Then BO illus- 

Squadron of 1863. Periods Oscillation. rolling may be considerably lessen Even in slow-movii trates the case of a quick-moving ship on a wave of com- 

: ships, like the Shah, which would be steady under near] paratively large period ; and it will accompany AB 

neta a conditions of sea without bilge-keels, such keels have in its motion, just as the little raft in Fig. 3 kept its deck 

N die 4 36 added, and will doubtless be found of value. The experi- | parallel to the wave slope. The types of war-ships coming 

I orneibl of i ~ } 5 to 5} { 414 ments made in the we ry disposed of one objection to | nearest to these conditions are the Russian circular iron- 

rr me) oe ae 37-7 deep bilge-keels, viz., that they would cause a sensible or | clads and the American monitors. On large wayes such 

oy — a 36. serious loss of speed ; and henceforward the depths of these | vessels would keep their decks approximately to the 

— oe: i 7 to 7 { 35, keels will probably be made as great as possi , the limits | wave slope ; and there is evidence that the Miantonomoh 
Solferino .. we + . of size being imposed by the docks which a i 


ship has to | did so on her across the Atlantic. This quickness 

enter, or other conditions incidental to her service. In the | of motion, and accompaniment of the wave slope (as already 

, Greyhound the experimental bilge-keels were 31 ft. deep, | explained) may cause a considerable oscillation to take 

Detached Squadron Approximate | yoan Arcs | most unusual depth in proportion to the size of the s uP» place, which may be imperceptible to those on board, but 
e 

























































































Still- Water illati and exceeding by a foot the depths usually fitted to which would lessen the usefulness of the ships as gun- 
oo. Periods. | f Oscillation. | re cost ships. | platforms. . It is to be regretted that in the Miantonomoh 
essels with low freeboard, such as monitors, or with | only pendulum observations of were le. 
seconds. deg. rojecting armour shelves, stand less in need of bilge-keels 2. Suppose BC equal in htoAB. Thisis the case 
Newcastle ... 29.6 4 vessels of ordinary form, because the immersion of the | of synchronism, the half-period of wave being equal to the 
Topaze ws oe oe 22.6 decks, or the immersion and emersion of the armour-shelf, | period of the ship for a single swing in still water. The ship 
Immortalité te te 5 20. develops a consideratle amount of resistance. The shape | pendulum B C will then be found to perform very consider- 
Narcissus... ose Pe 19.6 of the immersed part of a ship also influences the relative | able oscillations, while A B is WE 4 very small oscilla- 
Doris cS © 18.7 usefulness of bilge-keels. A “full” ship with round, | tions; and the reason is obvious. BC receives a fresh im- 
Raleigh oe 8 5.8 approximately cylindrical bottom, and with comparatively | pulse at the end of each swing, and therefore gradually 
; P eC 
small surfaces of deadwood, would derive greater benefit | acquires motion. The dangers of synchronism were clearly 
FIG. 5. 
' [ | 
Seep 
= j t A \ 
c 
i i Tm 2 9 2 V \ 
DB 
<80F Tt Fia, 4, 
apprehended by some of the earlier writers, Bernoulli and 
er among the number ; but the complete solution of the 
. question was first given by Mr. Froude. ‘ , 
Many examples eave Seneel se Say eee 
sulted from synchronism or approximate Spee im. 
The singular behaviour of the Dreadnongh ly 
mentioned was probably due to this cause. A similar 
occurrence place during the towing trials of the Grey- 
hound, the Volage having rolled heavily in an almost 
glassy sea. One of the best examples that can be «uoted, 
owever, is that of the Devastation. Lying passively 
broadside on to waves having a od of about 11 seconds, 
the ship was observed to i gh a total arc of 14 deg 
She was then steamed away from the waves at a speed of 
74 knots, the wind and sea being on the quarter. The 
FIC.10 obliquity of her course to the line of wave advance was 
tied such that the a t period of the waves became as 
nearly as possible the same as the period of the ship for a 
pe n----100 FI----—> double swing in still water—13; seconds. Her are of 
: oscillation was then about doubled, being 274 deg. ; 13 deg. 
to windward of the vertical, and 144 deg. to leeward. 
eee this interesting trial the only condition varied was that of 
i the ratio of for ships and waves ; and it forms an 
ser apr le _—e — nt eed influence which that 
It is not always possible, however, to secure a long | from bilge-keels—ether things being equal—than would a | *#tio has upon the behaviour of ships. 
iod of oscillation fa combination with other and more ship of finer under-water form, with a considerable area of In es owe be noted tint the el pron 
important qualities. In such cases considerable steadiness | nearly flat deadwood at the bow and stern. In no case, 4. ini Pring wry 10 or 1 ben — ~# Seiteey 
may be secured by the use of deep bilge-keels. The well- | however, is it disadvantageous to fit ay ape some eatin nies with the period, for a singleawing, of very 
known trials made by Mr. Froude with the Greyhound and | in steadiness is certain to result from their employmen a 2 ene carahion, hb phnabode wes mind mood + 
Perseus furnish the most complete evidence of the useful- When the naval architect has done his best to secure Prinve Connors class, unasmoured wooken fiieetes, ond the 
ness of deep bilge-keels ; {fur the Greyhound thus fitted | steadiness and good behaviour in a ship it still remains ieanes ct covveties ene ieee a4 cobegiey 
accumulated only about one-half the amount of rolling | trae—in fact er essen almost as a truism—that her the sos tohavicus of tater trenstaliets the Channel 
which was performed by the Perseus, the two ships being | behaviour will be erably influenced by the dimensions | and the suporice bebavieet tad chiefly from their longer 
brought to almost identical conditions apart from the bilge- of the waves encountered ; or, to speak more exactly, by periods--7 to 9 seconds—which sthe half period of 
keels. The Di tion is another case in point, her still- | the ratio of her still-water period to the apparent period of iy all the woves, bavilg nay quent stecguads, Wisely ¢0 
water period is ooly 65 actnte, ce 25 per cent. less than | the waves, and by the steepness of the wave slope. The — , , 
that of the Sultan ; but the deep bilge-keels of the monitor | reasons for this fact are easily discovered. ; a ~_ of selativelt 40'‘eiiven 
her so greatly that in the trials off Berehaven she | The cause of motion in the ae is the variation in the th of ere is ae a almost a truism ; 
ithe ore by permission from the Proceedings of the ro oe oe oe te © yal at oe it is cpl simply by the change produced in the 
A ~ ort rai varia’ - 
Royal United Service Institution. wave, its range depends upon the effective slope of the wave. apparent periods of waves. 
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ordinary 


checked 
motion is ¢ by the — direction of that pressure. 
Hence large angles of oscillation cannot be accumulated. 
exirsordinary lengths 1800 ft. to 1800 ft. fiom hollow to 
i . to t. from hollow 
hollow, or crest to crest. Waves of those dimensi 
been noted it is true, but they are very rarely met with; 
: storms of exceptional severity are required for their pro- 
ction. 


4 


simultaneous observations of the dimensions and periods of 
and speed of the ships relatively to 
other attendant circumstances likely to 

influence her motions. _ 

The “ —— study of waves’ has now become a 
necessity. It is astonishing to find on inquiry how small 
was our stock of exact information of the subject, before 
recent observations were made; and although much has 
been done of late, both in the French and in the Royal 
Navy, much still remains to be done. The task involves 
many difficulties, and considerable labour ; but when it is 
seen what one observer may accomplish in a oe com- 
a, = ean hy no question Ley that the = ae 

telligent observers would speedil mos 
valuable facts to our knowledge. Lieutenant Paris, of the 
French Navy, has published (Revue Maritime, vol. xxxi.) 
an account of his observations on wind and sea, made during 
the cruises of the Dupleix and Minerve in 1867-70 ; this 
uty be read with advantage by all who propose to follow 
in his track. His records are not perfect, nor free from 
doubtful features, but the general scheme of the observa- 
tions was admirably conceived and executed. In the 
Admiralty circulars full directions are given as to the 
methods of observing the dimensions of waves. Permit me, 
however, in conclusion, to enumerate the principal points 
to which the attention of observers may be advantage- 
ously directed. 

1. The most valuable observations, from a scientific 
— of view, will be those made on a single series of waves 

he successive waves being not very dissimilar in form an 
dimensions. No doubt, in an sea-way, this condition 
of things is not often realised ; the common case being that 
of a confused sea. But occasionally a om regular series of 
waves is encountered; and that is the time when the 
observations will furnish the best check upon the trochoidal 

7 of wave motion, and the theory of rolling. 

ata on : Coen sea re ~ be made | 

as ible in the particulars of dimensions an 
periods of Sodividual waves. The method of averages 
pe gh, oe. Re Ld 
some r knowledge of the soli large waves 
of which all sailors speak. ~~ 

A confused sea is formed by the super-position of inde- 
—_ series of waves, of different lengths, speeds, and 

eights, more, pou in different directions. Hence 

variations in the surface configuration 
of the compound waves. As some of the simplest possible 
illustrations, Figs. 5 to 10 have been prepared. Fig. 5 
shows bed rae of a wave 400 ft. lo 120 ft. high ; 
Fig. 6 that of a wave 200 ft. long and 12 ft. high. Sup 
the two series of waves to be moving in the same direction, 
the larger waves underrunning the smaller. Fig. 7 shows the 
compound wave when a crest of the 200 ft. wave is directly 
over a crest of the 400 ft. wave ; 2} seconds later, owing to 
a 
wave wi ve c to that in Fig. 8; r 
4 seconds the condition of Fig. 9 will have been reached, 
Sob aagie tnplgnation of ths apparently. sontendicheey 
am © apparently con ry 
yrds of wave dimensions, made simultaneously by ships 
sailing in company, and also of the irregularity in form and 

F iteponel my EF bserving heights 

care m ino wave heig 
for two reasons. One has aiready been mentioned, viz., 
the difficulty of determining the true vertical when a ship 
is rolling amongst waves, (and 


arise almost 


to | tional to the 





certain sizes. eS et Oe et ae ae 
unexplored. The French have shown us an example, it is 
true; and Admiral Coupvent Desbois has laid down 

visional theory based upon ten thousand observations. He 
supposes that the cube of the height of the wave is propor- 
nare of the speed the wind. There are 
i —— theory; but the attem 
t direction, and I trust English o 
servers may, at least, assist in the her progress of the 


in . 

We west to know what size of full- waves corre- 
sponds to a certain force of wind ; how long the action of 
a wind must be continued to bring waves to their 
dimensions ; what are the stages of degradation in the 
wave form after the wind ceases to act, and other par- 
ticulars which will suggest themselves to any one interested 
in the subject. Care will have to be taken to guard against 
the improper association of winds and waves, observed 
ee a Waves once created travel fast and far, 
maintaining their | and speeds possibly long after 
the wind which created them has to act, and con- 
jg rime Bo observed force of wind may not correspond 
to the observed wave speed, length, or height. This may 
account for a curious fact in the French records, viz., that 
the s of waves sometimes exceeded the simultaneous 

of the wind. Measurements of the wind speed made 
on board a ship in motion are necessarily difficult, and open 
to some doubt; but even approximate measurements will 
be of value. 

Correct methods of observing the angles of oscillation of 
a ship at sea are now so commonly employed, that it is 
only necessary to remark that pendulums or spirit levels, 
or any other instruments depending for their action upon 
the directive force of gravity, are not trustworthy. Ob- 
servations of the horizon furnish the simplest and best 
means of measuring the angles swept through; and the 
** batten instrament”’ is too well known to need description. 
The errors incidental to the use of pendulums or clinometers 
vitiate many of the earlier observations ; cases being on 
record where the pendulum indicated twice the real angle 
of oscillation, but no such failures are likely to recur. 

This bape A sketch of an important subject may, I trust, 
have the effect of awakening such an interest as may lead 
naval officers and others to pursue the study for themselves. 
The main purpose of the paper has been to set forth the 
necessity which exists for further and more accurate 
observations of wave motion in the deep sea, and its effects 
upon ships. It may well ny that, when the character 
of the information required by naval architects becomes 
more widely known in the Navy, no long time will elapse 
before such information is supplied; and, as a naval 
architect, I am grateful for the opportunity which this In- 
— has afforded me of making our wants known to its 
members. 


objections to t 
made is in the rig! 





FAIRLIE ENGINES. 
To THE EpIToR oF ENGINEERING. 

S1r,—In pursuance of the intimation in my letter which 
appeared in your issue of November 30, I leave once 
more to trespass upon your kindness in order to ask you to 
give space to Mr. Jetter’s report, which I send here- 
with. I am desirous that your readers should know all 
that Mr. Jetter, Messrs. Beyer and Peacock, and others, 
can against the Fairlie engine, before I enter more 


fully upon its defence. 

Perhaps the most surprising thing about Mr. Jetter’s 
report is that it should ever have been made or called for; but 
the explanation is very —. Mr. Royce has called upon 
the Government offi South Australia, asking them 
for an order to build two Fairlie engines for trial upon 
Before giving such an order, these officials 


their railwa 
were nat 4 anxious to obtain more information upon the 
subject than they possessed ; and it is assumed they applied 


to their agent-general to procure this information. He, 
in due course, referred the application to his consulting 
engineer, Mr. Jetter. The Australian officials, and the 
agent-general in this country, desired only to learn the 
truth concerning the merits and demerits of the engine ; 
but Mr. Jetter was obviously — ed to con the 
merits, and to seek to bring demerits only into view. In 
pursuing this course, he was probably faithful, according 
to his lights, to friends who have served him; but, inde- 
pendently of the wrong done to me, it can hardly be said 
that he was faithful to the Government by which he was 
retained. In his endeavour to put down the Fairlie engine 
he has, I think, a little overshot his mark ; and it is quite 
possible that his Government may with me. 
Notwithstanding Mr. Jetter’s oubted earnestness in 
the cause which he has espoused, it is plain that both 
he himself and Messrs. Beyer and Peacock have been 
greatly perplexed by the difficulty of finding ing to say 
against my engine, either as its principle or its 
details. All were alike resolved to say nothing in its 
favour; but Messrs. and Peacock, after many 
allegations, were compelled at last to add, ‘“‘ we have no 
personal knowledge of the Fairlie engine,” a confes- 
sion which speaks volumes about the value of their 
rtion of the joint composition. Ag we i hermes Bay 
, are easily astray ; ? 
ve determined to exercise 
judgment, and to arrive at the truth, we 
ed ite of the best or worst efforts of 
and Ni have both the 
countries I have ex- 
If I were as rich as 
‘ord to 





to gave millions of money to countries that would adopt 
these improvements in lieu of the broad gauge ; and I sup- 
pose I must seek to reconcile myself to common lot of 
inventors , who, their means in 
ing to introduce their inventions, too often find them 
opted only when the patents have expired, and when 
those who created them can no longer derive any sub- 
stantial benefit from their success. Ithink it is ve 
saab Seats lesion Ser sutesiiing 62 solo egaaab ay enaia 
or som: wri my engine, 
when at the same time they admit that they have no know- 
ledge of it. But for the misstatements of the report in ques- 


full | tion, we should in all probability have already received 


orders for one or two engines for New South Wales; so 
that Mr. Jetter, for a time at least, has not only injured 
the reputation of my engines, but also my pocket. It would 
be only just that an action for damages should lie against 
any person who thus, without knowledge or reason, inflicts 
damage eae the property of another. With your is- 
sion I will return to the specific allegations of Mr. Jetter’s 
report after you have published it ; and, inthe meanwhile, 
T am desirous to be permitted to remark upon the letter 
from Mr. Howard Fry in your last issue. 

It cannot be denied that Mr. is to a great extent 
justified in what he has said; but I think it is doubtful 
whether he will help us by pointing out that our largest 
colony, although compelled to come to us for money for her 
public works, refuses to buy her engines from us, or to ob- 
tain in this country anything which she can obtain in 
America. The facts are of the gravest importance to 
British industry ; but their explanation is not far to seek. 
America builds an engine more cheaply than we can do, 
because her people are willing to incur risks which the 
Board of Trade will not permit in England; and hence, 
although America may not subscribe one cent to Canadian 
railways, Canada is driven to America for her locomotives. 
The Grand Trunk line alone has lately spent as much as 
700,0007. in America for 300 locomotives. The question 
really touched by this state of things is that of free trade. 
I have Lord Bateman’s excellent ‘‘ Plea for Pro- 
tection,’ but Ido not discover that his lordship indicates 
a single point on which a stand could be e. my 
humble opinion, it would be unwise to hamper commerce by 
a return to prohibitive tariffs, but I should like to see it 
enacted or understood that countries which received from 
England money or loans for public works, and unable 
to manufacture themselves, should buy from us in return 
all the material which they had not, and which we were in 
a position to furnish, at prices fixed, by competition, or by 
some jtribunal of arbitration, in accordance with the 
market values of the day. As an illustration of the effect 
of tariffs elsewhere, I may mention that I sent a sample 
engine to the Denver and Rio Grande Railway Company ; 
but that they cannot afford to buy more, because they have 
to pay 33 per cent. of ad valorem duty. Such instances 
crop up continually. 

Another important element in determining price is the 
difference in quality and weight of material as between 
English and American engines. In America, a pro- 
rtion of (an engine is d of cast jiron; while in 

land it is the reverse, indeed, for 1 Ib. of cast iron in 

ish made engines there are 100 lb. in the American, 
and cast iron is greatly cheaper than wrought iron 
and steel. American makers continue to build their 
frames after the pattern of the Bury engine, which was the 
first sent to America. The motive they assign for this is 
that the engine of this pattern is more supple, so that in- 
stead of the whole mass of the boiler and of the water 
having to follow the undulations of the railway, the frame 
yields hereand there, and acts as a system of springs to 
= oscillations from being communicated to the boiler. 

difference is analogous to that between riding a horse 
upon a hard road, and riding him = turf. We build 
our engines stiffly in order to keep them well together ; 
and as our railroads are better than those of America, we 
can ran a much stiffer engine than they would find prac- 
ticable. It is uncertain whether an American engine 
would run on English roads as well as our own engines, but 
it is quite certain that our stiff engines would not be suc- 
cessful in America. We have adopted the ay frame 
instead of the Bury frame in order to get a wider firebox ; 
while the American builders sacrifice the width of the fire- 
box in order to secure the suppleness of which I have 
spoken. If we were to attempt to build American engines 
as built in America, the Board of Trade would be almost 
certain to interfere; and if the boiler or firebox were to 
burst, and to destroy life, the builder might be held 
criminally responsible. We are, therefore, compelled to 
use the best material ; while in America there is no tribunal 
analogous to the Board of Trade, and the bursting of a 
boiler would be an accident, which might perhaps militate 
against the reputation of the builder, but for which he 
would not have to answer. Again, exclusive of the use of 
cast iron, the average weight of the wrought iron and 
steel employed in the boilers and fireboxes of English 
engines is greater, by from 12 to 20 per cent., than the 
average weight of the corresponding parts in the American 





engines ; and in the frames and cross frames the dif- 
ference is quite 20 per cent. Where an English engine 
of given cylinders and boiler pressure, 


oy ees a 
iven duty, would weigh 30 tons, the weight of the corre- 
sponding American engine would be 26 tons; and 
hence, — for weight, the American will do from 12 to 
TRS Say are Sale San Oe Beate Sages, 
time has come when engine builders in this coun’ 
must take these facts into most serious consideration. 
they wish to retain their trade, they must build engines 
largely of cast iron, and must leave out a + many ex- 
pensive i brass &c., and 
must replace them by the materials used for the same parts 
in America. ish manufacturers do not adopt this 
pin, ont et ily, they will soon have nothing left to 
3 for they have no chance in any country in which 
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English and American engines, as at present constructed, 
are now brought into competition. 
I am, Sir, your obedient servant, 
Rost. F. Farris. 


Report of Mr. J. F. L. Jnrtur to the Agent-General for 
South Australia, on the Fairlie Engine. 
Twickenham, October 26, 1876. 
Francis 8. Dutton, Esq., C.M.G., 
Agent-General for South Australia, 
8, Victoria Chambers, Westminster, S.W. 

Dear Sir,—In further reply to your favour of the 25th ult., 
requesting me to furnish a general report upon the Fairlie 
engines, and the manner in which they are working upon 
the railways where they have been introduced, I beg to 
enclose copy of a letter received from Messrs. Beyer, 
Peacock, and Co., Manchester, giving some account of 
their performance in Sweden on the Nassjé Oskarshamn 
Railway, and in Russia on the Tamboff Saratoff Railway. 

Also a statement of the consumption of coal and water 
by Fairlie locomotives on the Iquique Railway, Peru, with 
the duty obtained from them. 

Referring to the remark in Messrs. Beyer Peacock’s 
letter, that the Tamboff Saratoff Railway Company thought 
the difficulties of the Fairlie system might be overcome by 
having the engines better oan it is only fair to Messrs. 
Sharp, Stewart, and Co., to state that they have not long 
since delivered six, six-wheeled coupled tank engines (de- 
scription of which I enclose) which are giving great satis- 
faction, and although only weighing tons 3 cwt. in 
working order, are, I am informed, doing the same work as 
the Fairlie engines, with an ave consumption of coal 
of 70 lb. per mile; also, that in future no more Fairlie 
——- are to be ordered for the above railway. 

prefer to hand you the above information, which has 
been — from reliable sources, without any further 
comment. 





I remain, &c., 
(Signed) J. F. L, Server. 
Copy of Letter from Mussrs. Bryer, Pzacock, and Co. 
Gorton Foundry, Manchester, Sept. 27, 1876. 

Dear Sir,—In reply to your inquiry of the 25th, on the 
subject of Fairlie double — engines, we are sorry that 
we cannot give you much information. 

In addition to those in Brazil and on the Festiniog line, 
we believe they are being used in Queensland, and on one 
of the narrow gauge Russian railways; they are also in 
use on one line in Sweden, and when our Mr. Jaeger was 
there last year, he ascertained that on the Nassjé Oskar- 
shamn Railway they had nine Fairlie engines, which 
weighed 32 tons each, in working condition, and took 
fifteen loaded wagons with three p: er carriages up an 
incline of 1 in 100. They had been in work three or four 
years, and were said to want a good deal of repairing ; he 
was also given to understand that their engines in future 
would not be of the Fairlie class. In December, 1873, we 
were favoured with the following particulars (in a private 
letter) from the Tamboff Saratoff Railway in Russia (5 ft. 
gauge), where there are some of these engines in use for 
working the incline from the River Volga up to Saratoff. 
The comparison is between the Fairlie engines, built by 
Sharp, Stewart, and Co., and six wheels coupled long 
boiler engines, built by ourselves for the main line. 

When engines are at work the attendance consists of : 


Fairlie Engine. Class 2368. 
Five men in all, viz; Three men in all, viz. ; 

One engineman. One engineman. 

Two assistants. One assistant. 

a firemen. th an oan man. R 2 

e aggregs monthly e aggregs e monthly 

wage, beside mil money, | wage, beside mileage money, 
is 101. 15s. 4d. oe : is 111. 6s. 8d. 
_ The maximum work which is done with the correspond- 
ing engines on Tamboff Railway is as follows, viz.; 
Fairlie, 30 ons load, at 12 miles an hour; Class 2368, 
16 wagons load, at 20 miles an hour. 

All the statements hereafter are taken from the actual 
work, and they represent mean figures extracted from 
64,282 miles ran by eight engines of Fairlie system, and 
from 213,014 miles run by eight engines of Class 2368. 
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Fairlie system| 108} | 33 7,142)115, never less than 
2 engines in repair 
out of 10. - 
Class 2368 50} | 18} |19,362|50, never more than 
engines in repair 
out of 40. 














N.B.—Invariably, when Fairlie system is at work, the 
= is not seen for the conlinanh cheats from the ball 

In the latter part of 1874 we were asked if would 
undertake to a some Fairlie for the above 
company, and they then informed us this type of en- 
po preety yA em Be pay up to the 

TI howe might "s 

: » ver, that this might be over 
having them’ better made, and henoe they ‘ished as to 





Iguiquz Ratiway (Perv). 
Statement of Consumption of Coal and Water by Locomotives (Fairlie Type) from July 1st to July 19th, 1874. 















































Date. EscALADOR. Pica. TARAPACA. 
- | Water, » | Water, , Water, 
Total (Coal, in — Total |Coal, in SN Total | Coal, in * 
1874. | Total ? in Total ? in Total ? in 
Goal, in,| Water,| Pounds,| Gations,| Coal, in | Waters | Pounds, /Gaitons, | Coal, in| Water | Pounds, /Gations, 
July. | Pounds \gaiions.| Mile. | ber | Pounds.\Gations, Mile. | ,per | Pounds.| gations, Mile. | Pet 
1 13,800 160 94 12,210 6500 180 95 8,330 4500 180 99 
2 | 18,365 8200 128 78 12,420 6500 185 99 ai sae hee ar 
3 | 12,022 8200 125 85 11,750 6500 178 98 9,806 6500 130 86 
4 10,000 8000 119 95 11,118 6500 168 98 8,050 6500 107 86 
5 | 12,568 8000 147 91 oat ait a one 8,271 6500 125 98 
6 | 12,846 8000 123 77 11,110 6500 168 98 10,136 6500 135 86 
7 | 11,894 8000 129 87 8,466 6500 126 97 9,751 6500 130 87 
8 | 11,298 8000 127 91 8,741 6500 1380 97 11,598 7000 154 93 
9 | 18,082 8200 126 79 9,296 6500 124 86 9,721 6500 145 97 
10 | 138,376 8200 128 78 10,966 6500 163 97 11,316 6500 150 86 
11 2,800 1200 | Injector failed. 8,639 4500 192 100 9,271 6500 138 97 
12 11,465 6500 171 97 Se ott a is 4,465 2500 222 125 
13 11,070 8000 127 92 om oo és eso 7,733 7000 123 93 
14 8,765 6500 118 87 ‘n ‘i 9 “a ni bie ” ad 
15 | 12,870 8200 122 77 oa aw ne ove 10,070 6500 150 97 
16 | 11,074 8000 115 90 “th are 8,236 6500 123 97 
17 11,889 8000 135 90 act ‘ 8,786 6500 131 97 
18 8,117 6500 122 97 ° 3 11,714 8000 135 91 
19 9,550 8000 98 97 eco eee 9,957 6500 148 91 
A new engine. Had undergone thorough repair. Had undergone thorough repair. 
Cylinders, 16 in. by 22 in. Cylinders, 15 in. by 22 in. Cylinders, 15 in. by 22 in. 








make them, and gave us an order; but we declinedit on 
the ground that we could not deliver it in the time they 
named. An engine of the Fairlie type was ordered by 
Mr. C. Pihl some time ago, but was rejected when ready, 
on account of its being so much heavier than the specified 
weight. We have heard that it was afterwards altered and 
lightened and sent out to Queensland. 

Should you wish to communicate with Mr. Pihl, his 
address is Norwegian Government Railways, Christiania. 

We have no personal knowledge of the Fairlie engines, 
but all we have heard about them confirms the report of 
our Russian friends, that they are difficult to keep at work, 
much more so than ordinary engines, in consequence of 
the numerous repairs they require. 

eare, &., 
(Signed) Bryer, Pzacock, and Co. 

J.F. L. Jetter, Beq., 

4, Amyand- , Twickenham, London. 
IgquiquE RAILWAY. 
Particulars of Trials with the First Pair of Locomotives 
built dby SHarp, Stewart, and Co. 

Trial No. 1. Engine No. 27. Pressure, 130 lb. Dis- 
tance run 10.11 miles in 76 minutes = 7.82 miles per hour. 
Weight of train, exclusive of locomotive, 46 tons. 

i 0. ine No. 26. Distance run 10.11 miles 
in 52 minutes = 11.66 miles per hour. Weight of train, 
exclusive of locomotive, 46 tons. 

i 0. 3. ae No. 26. Distance run, 10.11 miles 
in 51 minutes = 11.90 miles per hour. Weight of train, 
exclusive of locomotive, 69 tons. 

Trial No.4. Engine 26.* Distance run 10.11 miles in 
49 minutes=12.4 miles per hour. Weight of train, exclu- 
sive of locomotive, 87 tons. 

Trial No. 5. Engines 26 and 27 coupled. Pressure, 
130 Ib. t0 1401b. Distance ran 17.63 miles in 105 minutes 
=10.55 miles per hour. Weight of train, exclusive of loco- 
motives, 158 tons. 

Trial No. 7, distance run, 10.11 miles in 69 minutes= 
8.79 miles per hour. Weight of train, exclusive of loco- 
motive, 81 tons. 

These trials have been made over the same ground, the 
gradients being 24 per cent. to 4.75 per cent. 

Specification of “ Iquique’’ Engines supplied by SHARP, 
TEWART, and Co. 

Outside cylinders, 16fin. in diameter; 20in. stroke; 
boiler, 3ft. 11}in. in diameter by 8ft. 2in. long, of best 
Yorkshire plates ; copper firebox ; copper screwed stays ; 


195 brass tubes, 1}in. outside diameter. és 
Heating surface, tubes ... 53 

” ” firebox 74 

827 


Total * Asi 

Six wheels, 3ft. 6 in. in diameter, coupled. 

Wheel base, 11 ft. 3in. 

Side tanks to contain 1000 gallons. 

Fuel boxes at ends of the tanks. 

Buffers central combined with draw gear, screw brake 
acting on front and back of each driving wheel, and on 
front of each hind wheel. Screw reversing gear 
ure of boiler, 140 lb. per square 


Working press inch. 

Weight empty, 26 tons 19 cwt. 1 qr. 

Weight in ing order, with 1000 s, and 
2 tons coal in bunkers, 36 tons 3 cwt. 0 qrs., distributed as 
follows : 

Front. Centre. Hind. 
tns. owt. qrs. ns. cwt. =. tns. owt. : i 
Empty 911 0 9 5 8 2 
ae 1S 122 0 0 122 6 0 





* The weight taken by one engine in trial No. 4 is same 


The engines are arranged to work in pairs, back to 


back, if necessary. 

When in full working order, 58 tons. Empty, 44tons. 
When in thorough order, water and fuel good, and 
rails dry, the greatest load hauled was 120 tons gross. The 
heaviest load taken under ordinary conditions was 100 tons 


gross. 

The average gradient for 24 miles is 1 in 40, but the in- 
clines vary considerably, several being 1 in 33, lin 
50, and a short length of 1 in 224. 

e total length of line is 52 miles, all the gradients, 
poy ~ one of 1 in 40, and a mile in length, are in favour of 
the load—that is to say that the trains from Iquique 
upward to the mines are empty, and loaded on the journey 


wn. 

The greatest mi ever attained on this line with 
one set of pees was 15,000; this result was obtained with 
the “ r,’’ which was driven by one of the most 
careful and competent drivers to be met with. The maxi- 
mum mileage yielded by the other engines never exceeded 
11,000. The pare were in no instance worn-ont on the 
tread, the rapid wear of the flanges necessitated the com- 
ea of the tyres in periods varying up to nine 
months. 

These results are better than those obtained on the 
Mexican Railway, where, according to the report of a 
former locomotive superintendent, 9000 miles was the 
average obtained from a set of tyres. 





New Sours Weis Coau.—The output of coal from the 
Hunter collieries for the four weeks ending ber 21 
amounted to 108,826 tons, of which 21,707 tons were 
shipped to Sydney, 2037 tons to the Clarence River, 27,841 
tons to Victoria, 4144 tons to South Australia, 889 tons to 
Tasmania, 10,336 tons to New Zealand, 1219 tons to Queens- 
land, 12,309 tons to China, 2383 tons to the Mauritius, 
4745 tons to the East, and 15,137 tons to San Francisco ; 
1471 tons were taken by steamer, and 4225 tons used for 
home consumption. 


AMERICAN BripGe ror CANADA.—The Phosnixville 


Bridge Com are building a number of iron in 
En ihe of Montreal, Ottawa, and Sclidcotal Hafler y 


Canada, under contact with the Canadian Government. 
Annexed are some details of these bridges. On the Eastern 
division there is one at St. Ann’s 40 miles west of Quebec 
posing sop spans of 160 ft. each ; one at Batiscan, with 
four fixed spans of 160 ft. and a draw of the 
same h ; and one at the Three Rivers, half way 

to Montreal, of five spans, each 219 ft. in 
and 50 ft. from the water. On the Western 
Buck River, 7 miles west of Montreal, a 50 ft. 
has been finished over a small stream, near by 
155 ft. each, and one of 200 ft. will soon 
. At St. Rose one of five spans, of 155 ft. 
each, is being built ; at the Scholastic River, a 50 ft. span ; 
at La Chute t spans of 104 ft. each ; at Calumenta 50 ft. 
the River Rouge three deck spans of 150 ft. each; 
me Creek n each 


a and Salmon Creek one deck 
of 50 ft. ; at Salmon River a 100 ft. span ; at N Nation 
River three spans of 100 ft., 150 ft., and 200 ft.; at Little 


50 ft. span, at River Blanche one span of 
Au Leivereres River, at B: one 
and three of 150 ft. each ; at Upper 
Upper Blanche, 


River a 





a8 that hauled by the Fairlie engines (which are double). 
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BLAST FURNACE AT THE CEDAR POINT IRON WORKS. 
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Cape Rariways.—Sir H. W. Tyler, R.E., late Chief 

r of Railways to the of Trade, has lately 

Foporting to the Clorcransens of tos Core Cote ree tn 
e Governm 

railways which it has cousteasted. —" 


BELGIAN Inen ioe capes of iron—rails, nails, &c.— 
from Belgium have slightly increased in the first 
months of this year, having amounted to 78,000 tons 
com with 75,000 tons in the corresponding period 
1876, and 67,000 tons in the corresponding period of 1875, 


AMERICAN IRON AND STEEL WORKS.* 


By A. L, Hottey and Lenox Stra. 
No. XIII. 
Tue Cepar Port Iron Company’s Works. 

TuE blast furnace belonging to the Cedar Point 
Iron Company is situated at Cedar Point, Essex 
County, New York, on Lake Champlain; their 
celebrated magnetic ore mines are at Mineville, New 
York, seven miles west of Port Henry, in the same 
region. The ores are found in the gneiss rock, and 
are of two qualities, the ores which are cold short 
owing to the presence of phosphorus in the form of 
apatite, and the neutral ores. The furnace is at 
present supplied with the latter ores, which are 
mined from the “ New Bed.” The veins of the old 
and the new beds are entirely distinct, and are 
distant from each other from one-half to three- 
quarters of a mile. Both qualities of ore are almost 
totally free from sulphur, the cold short ores being 
the richest in iron, averaging 66 per cent., while the 
New Bed ores, owing to the amount of pure quartz 
found mechanically mixed with them, yield, as 
mined, about 55 a cent. of iron, yeh the pro- 
duct of some of the openings yields as high as 70 per 
cent, of metalliciron. ==» 

The New Bed vein has been rapidly developed 
under the stimulus of the demand for ores suited 
to making Bessemer irons, and from a production 
in 1871 of about 10,000 tons, has increased to 
75,000 or 80,000 tons in 1877, with a possible pro- 
duction in 1878 of 90,000 or 100,000 tons, working 
a single shift only. This greatly increased output 
has been rendered possible by the use of air drills 
and improved hoisting machinery. The air drills 
used have been of almost every make. The hoist- 
ing machinery is the invention of Mr. George H. 
Reynolds, and is manufactured by C. H. Delamater 
and Co,, New York. The apparatus will be illus- 
trated in connexion with the iption of another 
works; but it may be generally indicated as 
follows : it is like the back gear of alathe, with V 
friction wheels substituted for cogs in the pinion on 
the cone shaft and the gear on the countershaft, 
the drum taking the place of the cones, The pinion 
on the other end of the countershaft engages a wheel 
on the drum, The brake is applied to a wheel on 
the countershaft, The hoisting machines are 
placed in a separate building for each set of pits, 
and are worked by one engine for each group, the 
same engine also running an air compressor on the 
direct-acting plan, the piston of the engine passing 
through the back head and connecting with the 
compression rod, 

e dimensions of some of the mine openings as 
given in Table No. I. on the next page, were taken 
over a year ago, and are approximately correct at 
the present time, with the exception of those of the 
New Bed; this is much enlarged and the yield of 
iron is ter. The truly remarkable dimensions 
given in Table No. I. are from actual measurement, 
and the production is such as could be easily accom- 
plished without driving the output. 

The mines connect with Port pony, which is 


an advantageous shipping point on Lake Cham 

by means of the Lake Champlain and Moriah Tail’ 
road, and the ore can be forwarded from Port Henry 
by water (the Lake Champlain Canal and the Hudson 


River) or by rail, according to the season. The 
average grade of this railway is 211] ft. mile, 
the mines being 1200 ft. above Lake Champlain, 


and 1290 ft. above tide water. The ore is coarsely 
crystalline in structure, much of it breaking up into 
coarse powder; this causes a yariation in the blast 
pressure of the blast furnace ; it is found best to be 
governed by the revolutions of the engine instead of 
by the indications of the blast gauge. 

The analyses of ores given in Table No, II. on 
the next page are ave’ analyses, and are not 
made, therefore, from cabinet specimens, 

A vertical section and a cross-section through the 
tuyeres of the company's, No. 1 furnace are given in 
the accompany en; 


in some two years ; the construction, as shown 
in the engraving, and the final plan upon which, after 
practice, repairs have been recently undertaken. 
The materials are raised to the 1 head by a 
pneumatic hoist with a cylinder of 36in. diameter, 





Exhibiti 
noticed in the brief review of American pesbleal te 
— at Philadelphia which has already in 
columns. 
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466 ENGINEERING. 
Tastz No. I.—Mings AND Dimensions oF Mrnzs IN 1876. 
OwnzE Length of |Thickness | Capacity : Yield of 
ns sup Mauss op Prre. Vein | ot Vem | pee Dap | Quality. | “Ore. 
ft. ft. tons. per cent. 
Witherbees, Sherman, and Company 180 60 125 Cold short 64 
Old Bed bie be dhe 150 60 125 o 64 
» shaft ... eco eos 150 60 75 es 64 
Miller Pit . |. nm ne 150 60 200 i 67 
Tefft Shaft ... 200 130 200 ue 67 
Total cold short ... 725 
i 50 10 4) Bessemer 70 
Be asei0. es 30 3 60 ; 50 
Wasson Shaft 70 6 30 i 50 
North Pit... = 60 7 30 a 52 
Walden a 80 8 50 ye 50 
Notans o 40 5 20 én 50 
Total Bessemer 230 
H Iron Ore Company : 
Bel No a1. " on ” pin 4 = = Cold short * 
pe ny a ihe my Y 200 20 100 “ 64 
Fisher Mine ... oe “ en rr. { aortios } 4 to 20 50 Bessemer 50 
NewBed ... i. ys ma ri a : Not developed 
Total Port Henry Iron Ore Company 850 
Total Witherbees, Sherman, and Company 955 












































Taste No. II. 
Old 
New Bed | New Bed 
oes Ore. Ore. Ot 
cent. | per cent. | per cent. 
m with iron 26.01 19.20 i 
Woes oe = 0.38 0.54 
Insoluble matter 4.338 29.11 1.94 
Sulphur ... m none none none 
Phosphorus _... 0.020 0.02 
Phosphoricacid... he an 2.45 
Alumina... eve 0.28 0.22 0.76 
i 0.14 0.17 xy 
Protoxide manganese ... yrs i“ 0.36 
Undetermined and loss 0.592 0.53 0.67 
100.00 100.00 100.00 
Tasie No. III. 
Con- 
Con- : 
Construc- : struction 
-— tion, First Cy . 
Blast. Drawing Pe lan 
Diameter bosh _... 16 ft 18 ft. 17 ft 
a crucible 5-ft. 6 in 8 ft. 8 ft. 5 
8 under bell] 13 ft. 6 im. |15 ft. Gin.| 14 ft. 6 in 
eight of stack sl 20 tb 71 ft. | 70 ft, 9 in 
Angieofhosh ...| 71 deg 75 deg. 77 di 
Diameter of bell ...| 7ft. Gin. | 9ft.6in. | 7 ft. 6in 
Number of tuyeres 6 6 6 
Height _,, 5 ft. 7ft. | 6ft. Gin 
Size of nozsles ...) din. 4in. |4in. to 44 in 
Coil at 7} 
Kind of tuyeres .../< bronze, >| Bronze Bronze 
last 21 | 
months J} 














the blast being usually taken from the main blow- 
ing engine, although a Knowles blowing engine is 
provided for this use if required. The bell is also 


attached to the lever. 

The blowing machine is a vertical side-lever con- 
densing engine, built by Mr. Henry G. Morris, of 
Philadelphia. The steam cylinder is 60 in. in dia- 
meter; the blowing cylinder 100 in. ; the stroke of 
each is 8 ft.; the ave temperature of the blast 
is 1350 deg. Fahr., four Whitwell :toves being used, 
each 204 ft. high and 22 ft. in diameter. 

The high temperature of the blas: has proved very 
destructive to coil tuyeres ; bronze tuyeres are now 
used with the most satisfactory results, both as re- 
nee durability and expense. The cinder is handled 

y means of the Kloman cinder machine, which will 
be further illustrated in connexion with the descri 
tion of another works, It consists of a turntable 
bearing a tank 15 ft. in diameter, in which cast-iron 
boxes are placed to receive the molten cinder, The 
boxes are protected by being surrounded by the 
water in the tank, When the cakes of cinder are 
sufficiently cooled, the boxes are raised out of the 


worked by blast aoe applied to a 28-in, cylinder 
| 


tank, and their contents are dumped into cars by 
means of a special crane operated by compressed air. 

As regards consumption of fuel, which is anthra- 
cite from Pennsylvania, the furnace described 
shows from two to three hundredweight less per 
ton of iron than is used by several large furnaces 
using substantially the same ores, and the product 
of the Cedar Point furnace is within two or three 
tons of that of furnaces the cubic capacity of which 
is twice as great. The actual result of a two years’ 
blast recently completed is: Iron made 30,000 
tons, coal used, for all purposes, 42,000 tons, lime- 
stone 26,000 tons, and ore about 57,000 tons. The 
coal used per ton of iron produced by no means re- 
presents A minimum amount necessary, provided 
the grade of the iron were the only stan in- 
asmuch as equally good iron, judging by colour and 
grain, was made when carrying 5200 lb. magnetic 
ore, 2300 Ib. limestone, and 3360 lb, coal, as when 
4700 lb. of ore and 2400 lb. of limestone were used. 
The relative increase of limestone was necessary to 
keep the silicon within limits while ‘working at the 
extremely high temperature naturally consequent 
—_ the great amount of ore reduced, The result 
|of working so much above the normal temperature 
is to sensibly lessen the amount of phosphorus in 
‘the iron, This is contrary to generally accepted 
| theories, but has been repeatedly confirmed by the 





. ;. | practical working of this furnace. In order to work 


at the high temperature necessary, it was found 
| best to use a mixture of primary and esian 
|limestone, which insured a fluid cinder, whereas 
| when ordinary limestone alone was used as a flux, 
the cinder was viscous. The composition of the 


" | limestones is as follows : 


Primary Limestone. 


| per cent. 
Carbonate of lime 95.54=53.50 per cent. lime. 
magnesia 0.97= 0.51 ,, magnesia. 


Oxideofironandalumina 0.52 





Insoluble matter 2.43 

Phosphorus 0.001 

Water... pm oe: aaa 
| Undetermined and loss... 0.369 
100.00 


Magnesian Limestone. 


per cent. 
66.98=37.51 per cent. lime. 


| Carbonate of lime 
»» 9 esia... 27.24--12.96 . magnesia. 
Oxideofironandalumina 2.58 7 
Insoluble =a mae 
Phosphorus wie « 0.013 
Water... a wn’ ae 
Undetermined and loss... 0.207 
100.00 


In the regular working of the blast furnace, 
samples are taken at each casting, and an average 
is made each week, and analysed for silicon, the 
sulphur, phosphorus, and silicon being determined 
every four weeks from the same sam 

Herewith is given an analysis o. 1 Bessemer 





pig : 





sefecers’ 
eet asses 





100.00 
Frequent analyses of the blast furnace gases are 
also made, the average composition being found to 


CO. 
t ~~? =.38 to .40. 
be abou CO 40 





LITERATURE, 


The Application of Electricity to Railway Working. By 
Wiii1am Epwarp Lanepon, Member of the Society 
of Telegraph Engineers; Superintendent (Engineering 
Department) Post Office T hs; and late Superin- 

tendent of Tel phs on the London and South-Western 

Railway. = : Macmillan and Co. [Price 4s. 6d.] 

Looxine back over the history of the development 

in this country of the railway system and of the 

electric telegraph, it would not be easy to say which 
has done most for the other; whether telegraphy 
has bestowed upon railway working more than she 
has received in return, or the reverse. Certain, 
however, it is that the two have developed them. 
selves and one another side by side, each deriving 
immeasurable benefits from the other and together 
advancing civilisation as much, if not more, than 
anything else in the world’s history. 

tis a strange thing that, although this countr 

has been the pioneer in the development of both 
the railway system and the electric telegraph, no 

— work has, until now, appeared in the Eng- 

ish language upon that great combination of the two 

—the application of electric signalling to railway 

management—by which the one in its present form 

has been rendered possible, and in which the other 
has been brought to such wonderful perfection. 

This void in technical literature now been 
filled by Mr. Langdon’s valuable little work, which 
in about three hundred small octavo pages lets the 
reader into the secrets of the various systems of 
block and other signalling adopted by different rail- 
way companies, as well as of other applications of 
electricity to railway working, such as the inter- 
locking of signal levers, intercommunication in 
trains, lightning protectors, switches, &c. 

The book is divided into three divisions, 4] speak. 
ing telegraphs (I1.), block signalling, and (III.) mis- 
cellaneous appliances. In describing in the first of 
these divisions the various systems for intercom- 
munication between station and station, the author 
very clearly explains the different prefixes employed 
for indicating the character of the communications 
which follow them, and the order of precedence which 
must be given to each prefix in the occupation of the 
wires, Thus aprefix DR, (Danger) given to a message 
gives it —— ence of all other messages, and com- 
mands the immediate use of the wire, whether occu- 
Again the prefix SP. for ‘ Special 
service” gives precedence to its message over all 
others except DR. Immediately after the prefix 
the ‘‘ Code time” is sent, which is-an abbreviation of 
the exact time at which a message is handed to the 
telegraph clerk for transmission, and its use is to 
secure the transmission of communications in the 
order in which they have been handed in, no matter 
at what office. The system by which the abbrevia- 
tion of the time is effected is very simple and most 
ingenious. Let the reader imagine a clock dial in 
which, instead of the figures, I, to XII. are the letters 
Ato M (J being omitted), and instead of the four 
minute divisions between each figure, are the letters 
R. S, W. X. repeated all round the dial. It is clear 
then that each hour and minute throughout the day 
can be indicated by three of these letters, either 
singly or in combination ; thus four o’clock would 
be represented by D, 4.40 by D H, and 10.57 
by K LS, ic., K for 10 hours, L for 55 min., and 
Sfor2 min. After the code time the number of 
words contained in the message is sent, which is a 
check upon the correctness of the interpretation of 
the signals. [n an appendix are given specimens of 
the forms for communications used upon different 
railways for recording train and other si » as 
well as special forms for crossing traffic, kc, The 
first division of the work consoles with practical 
illustrations of the details of the working of single 
lines by speaking instruments, followed by a few re- 
marks upon the t of tel hic circuits. 

In the second division, after a brief historical 


pied or not. 
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sketch of the rise of the block system, which origi- 
nated with Sir William Fothergill Cooke, who in 
the year 1842 published a pamphlet, ‘‘ Telegraphic 
Railways,” that stamped its author as the father of 
the system, Mr. Langdon describes the various sys- 
tems adopted at the present time, and the instruments 
employed in working them. These are Preece’s, 
used on the South-Western Railway, Walker’s em- 
ployed on the South-Eastern, Tyer’s on the Lon- 
don, Brighton, and South Coast, Spagnoletti’s on 
the Great Western and Metropolitan Railways, and 
Siemens’ very extensively used on the Continent. The 
characteristic value of Preece’s arrangement consists 
in the fact that both the indicator of the receiving 
instrument and the method of working the trans- 
mitter are exact copies of the out-door signals and of 
the levers by which they are worked. Thus in 
Mr. Preece’s instrument the block signal is in the 
form either of a semaphore or a disc according to 
the form of the outside signal, and is by the electric 
current actuated in a manner corresponding to it. 
This current is transmitted by a miniature signal 
lever, so that the electric signals are, both in form 
and in manipulation, a repetition in miniature of the 
line signals with which every signalman is familiar. 

In the system devised by Mr. C. V. Walker, F.R.S., 
the block signals are, like Mr. Preece’s, repetitions 
of the out-door signals, but are manipulated in a 
different way. The electro-magnets, by which these 
miniature semaphores are actuated, are provided 
with polarised armatures, which are attracted or 
repelled according to the direction of the current 
traversing the coils, and the transmitting apparatus, 
which consists of plunger keys, is so arranged that 
currents in one direction or the other are trans- 
mitted to the receiving instrument according to the 
position which the arm of the miniature semaphore 
is intended to take up. 

The characteristic feature of the instruments em- 
ployed under Tyer’s system consists in the em- 
ployment of residual magnetism for holding over 
the indices, so as to record the last signal sent 
until a different signal is transmitted. To effect 
this the cores of the electro-magnets are constructed 
of steel instead of soft iron, so that their polarity 
is retained until a current in an opposite direc- 
tion is sent through the coils, whereby the polarity 
is reversed. The needles by which the indices are 
actuated are of soft iron, and are by induction 
always charged with positive or negative magnetism, 
and are consequently attracted or repelled according 
to the direction of the electric current passing 
through the coils. In the later instruments used 
in Tyer’s system the signal is given, as in Mr. 
Preece’s instruments, by the position of a miniature 
semaphore. 

The Spagnoletti block instrument makes its indi- 
cations by a movable screen attached toa “needle” 
magnetised by the induction of two permanent 
horse-shoe magnets and working within coils similar 
to those of the ordinary needle instruments. Upon 
the face of the screen are printed the words LINE 
CLEAR upon a white ground and TRAIN ON LINE 
upon a red ground, and according to the posi- 
tion of the needle to which it is attached (which 
is dependent upon the direction of the current), the 
red or the white portion of the screen is exhibited at 
a square aperture cut in the face of the instrument 
immediately in front of the needle. The working 
of the instruments is effected by “ tapper” keys pro- 
jecting from the lower portion of the case. 

Mr, Spagnoletti has lately improved the instru- 
ment by the addition of a contrivance by which it 
is impossible for the signalman at one end of the 
circuit to interrupt a signal given from the opposite 
end, his actuating key being locked by the current 
which produces the in-coming signal. 

After describing Mr. Preece’s single wire system, 
which includes a very beautiful arrangement for 
locking the miniature semaphore, rendering it neces- 
sary, in order to lower its arm, to have concurrent 
action of the signalmen at both ends of the section, 
the author gives an excellent description of Messrs. 
Siemens Brothers’ block instruments, the peculiar 
advantage of which lies in the fact that batteries are 
dispensed with, the electric currents required to work 
the signals being produced by magneto-electric in- 
duction. The descriptions of all these instruments 
are very clearly given, and are accompanied with 
excellent illustrations and diagrams on nearly every 


page. 

“The great practical experience of the author has 
enabled him to speak with authority upon all prac- 
tical details of working, and the chapter devoted to 
working instructions is characterised by evidence 


ENGINEERING. 
in almost every line of the intimate acquaintance of 
its author with the requirements for the successful 


working of an important line of railway. Itis much 
to be wished that these instructions could be rigidly 
enforced on all our great lines, for if carried out, 
the dangers of railway travelling would be reduced 
to a minimum. 

A very interesting and instructive chapter is 
devoted to automatic block signalling, in which the 
train itself works the signals by making contacts at 
certain positions on the line, whereby the line 
signals are actuated, and the progress of the train 
recorded at the stations. The systems of Mr. John 
Imray, of Mr. David Rousseau, and of Dr. Whyte, 
are clearly described, as well as that of M. Brunius, 
which is being tried in Sweden, in which electrical 
communication is established between the signalling 
station and the train itself, and instructions are 
given direct to the engine driver without the use of 
out-door signals, This chapter, which is a most 
interesting one, concludes with the consideration of 
the principles that should govern any automatic 
arrangement, and is well worth the attention of all 
engaged in working out improvements in this di- 
rection in railway economy. The principles upon 
which the working of junctions and sidings is con- 
ducted are very clearly explained, and form an in- 
teresting chapter which concludes the second divi- 
sion of the book. 

Among miscellaneous appliances, which form the 
subject of Division IIL, the author begins by a de- 
scription of the various instruments by which the 
position of the signals which regulate the traffic is 
repeated back to the point from which they are 
worked. These ‘‘ Signal Repeaters” as they are 
called, were first devised by Mr. W. H. Preece, C.E., 
and formed the subject of a valuable paper read 
by Mr. Langdon before the Society of Telegraph 
Engineers in March of last year. The various 
methods adopted for automatically giving warning 
of the extinction of the light ——— the night 
signals form an interesting series, and the descrip- 
tions given in the book before us are accompanied 
by particularly clear illustrations, The action of all 
these ‘light recorders” is obtained by the expan- 
sion or contraction of pyrometric metallic bars or 
plates under the influence of the heat of the lamp. 

The chapter devoted to the various bells employed 
and the methods of joining them up in circuit for 
different purposes is interesting, and will be found 
useful for many purposes besides railway working. 

For the protection of telegraph instruments from 
destruction by lightning no less than four protectors 
are in use on railways, The “reel” protector con- 
sists of a bobbin upon which are wound two insulated 
wires twisted together, the one being connected 
with the line wire and instruments, and the other 
to earth. When a current of atmospheric electricity, 
of sufficient intensity to damage the instruments, 
passes through the line it breaks through the insula- 
tion separating the wires twisted together, and so 
escapes to the earth, but the telegraph instruments 
are saved at the expense of the protector, which is 
invariably destroyed. The ‘ cylinder” protector is 
somewhat similar in form, but the reel upon which 
the insulated wire is wound is made of brass, and is 
connected to earth; in this case the atmospheric 
charge breaks down the insulation between the wire 
and the cylinder, and so escapes to the ground. The 
‘ plate” protector, which is employed in the postal 
telegraph circuits, consists of two plates of brass 
placed one above the other very close together, but 
prevented from touching by a piece of paraffined 
paper. The surfaces of these plates are cut into a 
number of longitudinal furrows, and are placed at 
right angles to one another, so as to present to one 
another a numberof small points of intersection ; one 
plate is connected to earth, and the other to the line, 
When an atmospheric discharge takes place, the 
paper is perforated at one or more of the intersection 
points, and requires to be renewed. Another form is 
the ‘* carbon and boxwood” protector, in which two 
insulated metallic rods are immersed in a mixture of 
powdered carbon and boxwood, with their points 
separated by about one-twentieth of an inch, 
When a discharge takes place it leaps the space 
between the rods, being assisted in its passage by 
the minute particles of carbon acting as stepping- 
stones to the current, the non-conducting boxwood 
keeping them sufficiently separated to prevent the 
battery current from being diminished by short 
circuiting. 

The last chapter is devoted to the important and 
much-vexed subject of intercommunication in trains, 





and the two systems at present in use, viz., Preece’s 
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ym on the South-Western Railway, and 
Walker’s employed on the -South - Eastern, are 


described in detail with a large number of illustra- 
tions of the apparatus and arrangements of coupli 

It will be noticed by many readers of this 
little book that the author makes no mention of the 
possible application of the telephone to railway 
— throughout the work he is most care- 
ful to impress upon the readers the superior im- 
portance of those systems which give definite and 
unmistakable signals, and which cannot be used for 
conversational p ; he even deprecates the 
employment of needle instruments as tending to a 
laxity of attention on the part of the signalmen and 
rendering them less dependent upon the - plain 
affirmative signal given by the block instrument, 
The 1 pe capes of the telephone would more than 
anything else constitute the opposite extreme of thé 
author’s ideal system as oak in his earlier 
chapters, and it can hardly be a matter of surprise 
that he has ignored it altogether. . There can be no 
doubt, however, that in certain places and for par- 
ticular circumstances the telephone will be found of 
great value in connexion with railways, but it must 
be very largely improved before it can be employed 
for intercommunication in trains so as to make itself 
heard above the noise of the wheels. 

Mr. Langdon’s book is useful alike to the railway 
traffic manager and to the si , to both of 
whom it can teach the principles of their business ; 
while to the railway passenger and to the general 
scientific reader it must prove of great interest, 
treating as it does of the principles upon which the 
present advanced state of the railway system is 
conducted, by which millions of human lives are 
protected and secured, and at the same time bring- 
ing forward some of the most beautiful applications 
of science to the use and convenience of man. 
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THE PENN ot Jk. = i ai RAILROAD. 
0. L 

STANDARD E1GHt-WHEELED GRAVEL Dump Car, 

THE construction of the standard eight-wheeled 
gravel dump or ballast car, is shown by Figs. 1 
to 10. The clear length of the car inside is 
16 ft. 54 in., and the inside width 7 ft.4in. The 
height of the sides is 1 ft, 44 in. A special feature 
in this car is the mode by which it can be lowered” 
at one end so as to discharge the ballast. The car 
is carried on two four-wheeled trucks, shown by 
Figs. 7 to 10. The wheels of these trucks are 
30 in. in diameter, mounted on axles 4} in. in 
diameter, the outside frames carrying the axle-boxes. 
These frames are similar to those deeady described, 
and they carry between them an upper and lower 
bolster, the former 9 in, by 4 in., and the latter 
12 in. by 5 in, ; the lower truck is braced by two bars 
f /, strained on the wooden blocks placed 12 in. 
apart (see Fig. 7). Distance pieces 6 in, in 
diameter, and 4 ft. 9 in. apart, are introduced 
between the upper and lower bolsters, and on the 
top of the former are two curved rubbing bars to 
forma bearing for the under-frame, The construction 
and size of the turning-plate is clearly shown in the 
drawings. The under-frame of the car is shown in 
Figs. 1 to 5. It consists of two main longitudinal 
timbers 7} in. by 6 in., placed 3 ft. 1 in. apart in the 
clear, and 20 ft. 9} in. long. Two transverse 





timbers 12 in. wide, and respectively 6 in, and 7 in, 
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THE PENNSYLVANIA RAILROAD; STANDARD EIGHT-WHEELED GRAVEL CAR. 
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thick, are introduced immediately above the trucks, 
and carry on their underside the upper turning- 
plate. These timbers are 10 ft. 23 in. a from 
centre to centre, and they are braced by the 
rods g g and 4 & between each other and back to 
the end transverse timbers. Besides these there are 
two other transverse timbers in the middle of the 
frame, and 4 ft. 6} in. apart from centre to 
centre, and two end ones at each extremity; these 
are 6} in. and 6 in. wide respectively by 7}in. deep, 
and placed 1]4in. a (see plan, Fig. 2). Trans- 
verse bolts } in. in diameter are introduced as indi- 
cated. Fig. 3 is a cross section through the end 
platform of the lower frame, and hake the arrange- 
ment of the buffer and coupling attachment. The 
brake gear is also clearly seen in Figs. 1 and 2; the 
wheel actuating this gear is p at one end of 
the car. The upper frame is shown in one-half of 
the plan, Fig. 2. Itis placed 11gin. in the clear 
above the top of the under-frame, but the width is 
much greater. It is formed of five longitudinal 
timbers, the outer pair of which are 4in. by 7in., 











and the others 3in, by 5in. The total width out- 
side is 8 ft., and the intermediate pair of timbers 
are placed 1ft. 8}in. from the central one. The 
total length of the upper frame is 18ft. 7}in., but 
only the outer longitudinals have this length, as 
the inner ones are bolted in a transverse beam 
4in. by 5in., and placed 15in. from the end. The 
main cross timbers, 4in. by 8in., are placed 24 in. 
from those just named. The rest of the cross 
framing consists of two pairs of timbers 4 in. by 5in., 
placed 3ft. 7 in. apart in the clear in the middle, 
and with a space of 2}in. between them. Upon 
this framing the ved and tongued floor l}in. 
thick is laid. e sides, which are, as already 
stated, 164in. high, are formed with timber 4in. 
by 3in. top and bottom, and lin. planking be- 
tween; the ends also are of the same thickness. 
Through bolts }in. in diameter and about 3 ft. 
apart pass through the top and bottom timbers and 
hold the sides together; they are also further 
strengthened at intervals by straps bolted on as 
shown. The four corner posts 4in. square, to which 





the sides are attached, are about 18in. high, and 
stay rods pass from them to the top rails, as shown. 
The arrangements for tipping the car are indicated 
in Figs. 1 to 5. Four pairs of crossed bars are 
pl at intervals under the body. The lower 
ends of these bars rest in cast-iron brackets bolted 
to cross timbers beneath the under-frame at //, 
Fig. 5. The upper ends turn on pins secured uni 
the floor of the car. The bars are each 3 in. by 
1 in., and the diameter of the bolts in which they 
turn is ¥ in, Fig. 6 is a section the 
timbers carrying the lower bracket. The ce 
between the centres of the bars is 3 ft.2in. At two 
points in the length of the car, that is over each 
truck, are two hinged blocks turning in a bracket 
bolted to the cross timbers ng the upper 
turning-plate, Fig. 4. When the floor of the car is 
horizontal, the bearing surfaces of these blocks 
receives the underside of the longitudinals of 
the upper frame, which is protec with iron 
plates to prevent wear. To each of the blocks is 
attached a lever, as shown, by pulling on which 
the block is thrown forward, and the car body falls, 
the crossed bars permitting it to- turn, but check- 
ing it after it has fallen a certain distance. In the 
sectional portion of Fig 4, it will be noticed that on 
the underside there is a latch hinged, so that there 
is a considerable preponderance, tending to keep the 
catch against the side of the car at the point where 
an iron plate is bolted to the outside. When the 
car falls over, the bar of this latch is and 
the aide is released, so that the contents of the car 
may fall out, 

Tue TeLePHons.—The telephone has been introduced 


se Fagg oy xo and telegraph offices of Vienna and 
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THE INSTITUTION OF CIVIL ENGINEERS. 
To Tue Epitor or ENGINEERING. 

Srr,—At the annual meeting of the Institution of 
Civil Engineers some very feeble remarks were made with 
regard to the freedom of press in discussing matters con- 
Seated ie enget boy. She wetlem of to your 

were especially held up to scorn, not on the ground 
+ their arguments were , or their facts un- 
reliable, but because they wrote under a nom de plume. 
Some people are so muddle-headed with this 
matter that it may be as well to explain once for all that a 
letter written to a public journal under a nom de plume is no 
more anonymous a leading article in the same paper, 
and fora very obvious reason, viz., that the name of the 
writer is known to the editor, and should there be anything 
actionable in the communication redress can be obtained in 
the courts of law ; and again, if anything untrue or any 
faulty t be introduced it can be contradicted or 
answered by a letter addressed to the editor, and published 
in the next number of the periodical. The same reasons 
that would apply to preventing a nom de plume being used 
would apply equally to do away with vote by ballot. 

At the meeting a appher cautioned members against 
voting for the new candidates for election to the Council on 
the ground that many of them bei e in the 

rovinces would be unable to attend meetings. Why 
then may I ask were these provincial candidates put forward 
by the Council as being suitable? However, some of the 
members who meeting were so obviously 
speaking against time that it would perhaps be unfair to 
further criticise their not very brilliant effusions. 

The point at issue between the Council and the Asso- 
ciates seems to me to be this, viz., whether the Institute is 
intended to be simply a society for mutual admiration and 
glorification of the successful business men, or whether it 
shall be a society whose chief object is to foster talent and 
afford opportunities of advancement in professional know- 
ledge to all classes, even to such humble creatures as 
Associates and Students. 

The creation of a new class of any kind would be with 
the object of exalting one set of members at the expense 
of another set, probably quite as deserving though not so 


pushing. 

In conclusion, let me hope that the Council will realise 
the fact that they are not guardians of the profession, 
and that they have no right to attempt to exclude reall 
competent men, such as contractors’ engineers, from hold- 


ing the rank of member. 
Yours truly, 
December 19, 1877. Q. E. D 





To THe EprTor or ENGINEERING. 

Str,—Now that the constitution of the Institution of 
Civil Engineers, and the administration thereof by the 
Council, are attracting no small notice from the members, you 
will perhaps permit me to call attention to what I consider 
a grievance. I have just received a balloting list, affordin, 
an opportunity to vote for the new officers of Council. 
This, however, is oieey nullified, as far as I am con- 
cerned, by the proviso that it must be personally delivered. 
May I inquire, why in the name of justice, the voting for 
the Council should be confined to those who happen to be 
in London on December the 18th next? This is a condi- 
tion which is not imposed by the rules of any other of the 
several technical institutions with which I am connected. 
Whether it was first designed, and is now maintained, in 
order to keep the power in the hands of a select few, I 
cannot say; but I am certain that that is the most obvious 
inference which would occur to the mind of any unpre- 
nn all yyy The Government of the Institution is 
prof ly democratic; why should these vestiges of 
oligarchic ideas be allowed to remain? Why should not 
absent members be allowed to vote, as well as the few who 
can conveniently be present? Or, to put the case 
another form, why should I be virtually fined a sum repre- 
senting my travelling expenses and loss of time, before I 
am permitted to vote, whilst my fellow member A. B. of 
Westminster is under no such disadvantage? I think you 
will with me, I am simply asking for justice, and not 
fora favour. I am sure that in this, and in other matters 
which have recently been di d, bers only want to 
be assured that the wishes of the majority will in all cases 
be specially ascertained, and then zealously carried out, 
and all dissatisfaction will at once disappear. I shall be 
glad if these few crude remarks have the effect of eliciting 
the opinions of other members. 

Iam Sir, your obedient servant, 
A Country M.I.C.E. 


in 





December 14, 1877. 





To rus Eprror or ENGINEERING. 
ea. By well-intended and, as I conceived, R gnc | 
inoffensive letter of last week has, I regret to find, raised 
the choler of at least one worthy member of the Institution, 
so I must beg of you to allow mea few words in explana- 


tion. 

In the first place, I would say that the anonymous 
character of my communication must nct be taken ag evi- 
dence that I desire to screen my identity, for I have written 
nothing which I have not o said to scores of persons. 
I did not sign my name simply T hold that where 
questions of ‘re 4 argument alone, and not facts, 
are concerned, it wo mere presumption on my part 
to assume that the publication of my name would lend any 


additional force to the ary se owever, the question 
of advertising or withholdmg your name is rather a 
matter of taste than of general Papa tag | instance, 
no one would blame a contractor for painting his name on 
his carts nor for omitting to do so on the panels of his car- 


th respect to the wider question of the iety of 
ssuing anonymous circulars and the like, [ am old- 


fashioned enough to be compelled to admit that the prin- 
ciple is distasteful to me, but I am not illogical enongh to 
* strain at a gnat and wa ,” or to wax 
virtuously indignant over one circular when I myself with 
many other presumably honourable gentlemen, have just 
— some 400 anonymous circulars in the form of 
- oting papers in the boxes of the Institute of Civil 
n 


In conclusion, I would submit that my reasons for tres- 
passing on your space instead of on the indulgence of the 
members of the titution gathered together on the occa- 
sion of the annual meeting are readily explicable without 
introducing the element of personal cowardice. By so 
doing I avoided the risk of being voted a bore, for any one 
is free to skip a letter a he could not so easily skip out 
of the crowded theatre of the Institution if, betrayed by 
the flowing periods of my own uence, I momentarily 
Sormet that my own personal convictions, however strong, 
might possibly be of no interest or value to any one but the 
owner, and so wearied my hearers to exhaustion. Further, 
a speaker at the Institution addresses perhaps one-eighth 
of the total number of members and the remaining seven- 
eighths are ere almost wholly upon the professional 
press to keep them informed as to the changes contemplated 
tobe made in their status, for the funds of the Institution 
are not sufficiently elastic to admit of the p ings at 
special or extraordinary meetings being fully reported and 
circulated amongst the members in such a form as to ob- 
viate the necessity of assistance on nad part. 
ours faithfully, 2 





To THE EpIToR oF ENGINEERING. 

Srr,—As it appears we must have some alteration, I beg 
to suggest that a satisfactory mode of carrying out the 
recent suggestion of the Council would be to provide that 
all members who have served as members of Council 
should forthwith pass to the class of fellows ; thus the con- 
ferring of distinction upon those deemed worthy of special 
honour would remain in the hands of the members and 
associates themselves. None should be made a fellow who 
had not passed the Council. It would also appear desir- 
able to place some limit upon the term during which any one 
should be eligible for re-election as member of Council. 
I venture to make this suggestion in the belief that its 
adoption would greatly relieve the present Council, and 
_— the pesneuat question of who is and who is not to bea 
fellow. 

Your obedient servant, 
Assoc. Inst. C.E. 





THE ELECTRIC LIGHT. 
To THE EpIToR oF ENGINEERING. 

S1r,—In the letter of Dr. Siemens which appears in your 
last issye, he takes exception to some remarks made by 
me in my letter of December 4. 

The matter at issue is the priority of discovery of the 
reaction principle of magnetism. It really ought not be 
necessary to point out that a discovery necessarily precedes 
its publication, and the time at which it is published does 
not in any way affect the date at which the discovery was 


made. 

The fact that I, in December, 1866, did lodge a pro- 
visional specification in which I described my discovery 
nearly a month before Dr. Siemens claims to have pub- 
lished his independent discovery of the same principle, 
letting alone the proof I have adduced that my machine 
was made and tried some few months earlier, will be re- 
garded I think by my me as proof that I was fortu- 
nate enough to be before the Messrs. Siemens in this 
matter. r. Siemens tells us in his letter of October 30, 
their experiments were tried at the time the idea first 
occu to them, that he and his brother were startled at 
the results they obtained, that the experiments were 
immedvately afterwards repeated before private friends, 
and that the experiments referred to were made before 
Christmas in December, 1866. 

The fact that the Messrs. Siemens had a piece of appa- 
ratus at hand made for another purpose some years before, 
with which they were able to try their experiments, in no 
way affects the fact that my machine, as stated in my 
letter of November 9, was specially constructed for the 
purpose in September, 1866, on data obtained from still 
earlier experiments made with other apparatus. 

The enunciation of new principles, Dr. Siemens says, 
belongs to pure science, and is not the legitimate subject 
for a patent. In the abstract I believe this is correct, but 
in the abstract only, as a matter of fact principles are at 
times — for all practical purposes. Mr. Crookes’ 
beautiful discovery of the ‘‘ radiometer’’ is a case in point, 
and my provisional — of December, 1866, is 
another example, and the bare fact, as Dr. Siemens 
terms it, of my wr one -W protected my dynamo 
machine, which ac on the reaction system, an 
which was a new principle discovered by myseif, would have 
enabled me, had it not fallen through from misadventure, 
to have claimed royalties on all the progressive develop- 
ments of the principle which have been made step by otter, 
including the machine referred to by Dr. Siemens as having 
been adopted by the Elder Brethren of the Trinity House. 

Yours truly, 
8. ALFRED VARLEY. 

Hatfield, Herts, December 18, 1877. 








Tunnrt Borrne.—An Austrian engi has invented 
. apparatus for poring Se n> not put into — 
compressed air, but ydraulic pressure, an e 
diamond points are rep by hollow serrated boring in- 
struments. The apparatus has been used in the construc- 





tion of the Sonnstein tunnel. 





ENGINEERING CALCULATIONS. 
To THE Epiror or ENGINEERING. 

Srz,—In your last week’s issue I notice a letter on the 

above subject of no value, signed “C. R.,”” in which he 
states that instances might be multiplied of the want of 
grasp of first principles resulting from defective training. 
_ [agree with him in the first of his remark but not 
in the second, for all the training in the world would not 
make some persons grasp first principles. I do not say 
that your correspondent “C. R.” is one of the number, 
but in his letter he alludes to a statement in a scientific 
American journal, which heneither substantiates nor denies. 
He then complains of being asked a question, by an 
English engineer, which he does not even put down as 
stupid, but he says, so far as he could gather (from want 
of knowledge of peentate : “Given a triangular field 
of 100 acres, cut off a portion by a fence lel to the 
base, and define the number of turnips in the part remain- 
ing.” He does not say which part, neither does he say 
what answer he gave this English (qu } engin eer. 

Now if I had been asked sucha stupid question I think 
I should have answered him in the same way that the 
— of how many cows’ tails would it to take to reach 

m here to the moon, was answered, viz., one if it’s long 
enough, and I should have said one turnip if it’s big enough, 
or I should have ded to go into some sort of calc 
tion, and said off-hand the first number that came into 
my head, and I will be bound to say that my querest 
would have believed me, and I should have asked him to be 
good enough to check the calculations. 

This puts me in mind of an eminent engineer being under 
examination in the House of Commons on the question of a 
railway viaduct, if built across a certain waterway, what 
damage it would do by way of damming a. the water, and 
after this eminent engineer had calculated what quantity 
of water would flow through the arches in a given time, he 
was asked by a learned limb of the law how many fish 
would pass ugh in the same time? What the answer 
was I am at present unable to state, but I have no doubt 
that it was very similar to thé question of the cows’ tails. 
Now, Sir, no doubt this English engineer was joking with 

our correspondent ‘‘C. R.,’’ for I myself have kept in tow 

or an hour or more several engineers, or rather field men, 
by merely drawing an isosceles —— distorted, writing 
the twoequal legs down as 1000 each, and giving the con- 
tained angle required the remaining angles ; these angles 
have never been given to this day. 

_But the greatest teaser has m for them to tell the 
direction in which a ball is thrown by an equestrian stand- 
ing on a horse, which is running round a circle, while he 
at the same time throws oranges from his hands upward 
and catches them in their descent. 

Notwithstanding his rapid motion, the oranges which are 
thrown into the air do not fall behind him, but they retern 
regularly to his hand. The direction in which he throws these 
oranges have been guessed ataforward direction, a backward 
direction, an outward direction; but very curiously, none 
guessed an inward direction, which of course is the ion 
in which he throws them. Now these equestrians have 
been put down as very clever fellows by having discovered 
the direction in which to throw the oranges, whereas we 
know there is no credit due to them; but it appears to 
them that they are throwing the oranges perpendicular, the 
same as if they were moving in a straight line. This is 
a beautiful ——- of common motion, and I am sorry to 
say that it is seldom alluded to in works on natural philo- 


sophy. 

Now as the triangular turnip field idea originated from 
me (andas according to ‘‘C. R.’’ it has fallen into bad hands), 
I should like to put it before him in a proper light, but 
I will first state that I have put the question before, to at 
least fifty engineers, who, one and all, without any excep- 
tion, have put it down as ridiculous, absurd, and insoluble ; 
however, I have after a good deal of persuasion 
and a hint or two to squeeze out of two of the profession 
solutions of the problem, which inly shows that it is 
not insoluble, although it might appear ridiculous and 
absurd. I may state that in putting the question, one engi- 
neer said it was like asking a person how big a piece of 
chalk was, another had a walking stick of a certain length, 
a part of which he cuts off, how much had he cut off? I 
could enumerate many more, but enough. 

» a been poe na + _ <4 to be good enough to la: 
i ‘ore your ers, altho ing uentl ues 

to do so, and as it is of reommaty etiees =n bogy wom Scena 
to be aware of, I will put the question in its proper light ; 


by-the-by, I have been told one and all that I must 
have left something ont, ps it was the number of 
turnips, but all agree that I do not give them sufficient 


data ; however as the turnips seem to be the puzzle, we 
will leave them out of the question, and assume the field to 


be a barren piece of ground of a form, the 
dimensions of which are unknown, and therefore mi bt be 
anything, consequently the contained angles will be 


q@| unknown. Now this three-cornered field is divided into 


two parts by a fence parallel to one of its sides, the posi- 
tion of which is also unknown, but the fact remains, that 
this fence divides the original field into two parts, the 
quantities of which must be definite. 
Now the problem is, that having the contents of the 
whole field given you in square yards, and being informed 
that it is a triangular field and that it is subdivided by a 
fence which is parallel to one of its sides, define thequan- 
tity of square yards in each portion so divided, without 
measuring any of the sides or angles, or any sides or angles 
corresponding to them, that is to say any sides or angles 
belonging to the original field, or to the parts so divided, 
and the landowner will make you a present of the smallest 
portion for your tronvle, but if by the process you adopt 
in solving this problem, you can by manner of means 
from it solve any of the les or sides of the origi 
field, or of the parts so divided, then the landowner will not 
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give you the piece of land promised because you have not 
fulfilled the conditions of the problem. 

Now I have no doubt that your correspondent, ‘‘ C. R.,”’ 
after this explanation, and rreon | the turnips out of the 
question, will be more enlightened, and will now perhaps, 
through you, give a solution of the problem. Should he 
fail to do so, he will tind the problem solved in a subsequent 
letter that I have promised should appear in your paper on 
the theory of contimuous girders, which I shall not fail to 
do. The relation between the areas of turnip fields, con- 
tinuous girders, and the laws of universal gravitation 
might appear strange, however they are most intimately 
conmmabed, and before I leave off I must express my regret 
that in the scientific world the beautiful laws of attraction 
and gravitation, which Sir Isaac Newton took so much 
trouble to discover, should be taken s0 little notice of, I 
won’t say so little understood, by many of our greatest 
mathematicians and astronomers, ' I allude in this case to 
the ordinary theory of the cause of-the tides, which seem to 
puzzle even to this day vee | of our gréatest men. How- 
ever I am digressing, but will say more on the subject of 
the tides, the laws of inertia and momentum in connexion 
with the absence of the application, not from the want of 
knowledge, of that part of physical science termed natural 
philosophy. i 
Yours Spodiegy, 

. H, Brppzr. 
1, Westminster-chambers. 








BURGH’S ECONOMICAL COMPOUND 
. ENGINE. 


To THE Eprror oF ENGINEERING. 
S1r,—Learning from an advertisement in your paper that 


Mr. Burgh intended reading a lecture on what he is pleased 
to style his ‘‘ patent economical compound engine,” and 
being in want of amusement, I attended % the meeting of the 


Institution of Marine Engineers, of which Mr. Burgh is Pre- 
sident, held at the hall of the Society of, Arts, on Thurs- 
day, December 6th; need I say that. my most sanguine 
expectations were more. than realised. As the diagram 
a = ob a from te chen of those ex- 
ibi y Mr. Burgh, i i incorrect in 
some minor details, but it will serve to illustrate the 
principle of the engine. I willmot attempt to point out all 
the practical defects of the design—that would occupy too 
much of your space—but I t refrain from drawing 
attention to the valve gear, _ The dist ion of the steam 
is regulated by a valve which Mr. rh claims asa new 
invention, and which he informs us is. technically termed 
** a compound  peents valve ; on : is turns out 
to bé a badly designed piston valve. He says: ‘‘ The 
trunk guides that I use inside the back end cover are 
simply flat curved surfaces.”” Can any one tell me what 
flat curved surfaces are? The upper pin of the connecting 
rod is lubricated through a pipe working in a gland. Mr. 
Burgh remarks that, “‘ this tube acts also as an assistant 
ide to resist the thrust strain resistance of the connect- 
The action of the engine is this: high pres- 
sure steam is admitted by the lower port to the annular 
space A, and drives the piston up ; the steam may 
either be taken throughout the whole upward stroke or 


ing rod pin.” 






































cut off at any desired point. This steam then passes through 
the “‘compound passage valve’’ to the upper part of the 
cylinder, and by its expansion drives the piston downwards. 
One great advantage claimed in this arrangement is that 
“only one volume of steam is used for the two strokes of 
the piston’;’”” but Mr. Burgh overlooks the fact that during 
each revolution of his crank, his cylinder is first exposed to 
high-pressure steam and then to low-pressure steam, or in 
a condensing engine actually toa vacuum. If Mr. Burgh 
would only remember that one of the chief reasons why a 
well-designed high-pressure expansive condensing engine is 
not so good as a double-cylinder compound engine, is that 
the cylinder of the former is exposed to an excessive ye ¥ of 

ty of de- 





made one pair of these engines, the diameter of the trunk 
being 6} in., and the diameter of the cylinder being 9 in. 
and the stroke of the piston 6 in. ;’’ which he 8 is 
‘*a pair of engines of 50 indicated horse power with a steam 
pressure of 70 Ib. ofthe square inch.” The area of 6} in. 
is 30.67 in., while that of 94 in. is 70.88 in., so that the 
area of his high-pressure piston is 40.21 in., whilst as on 
the down-stroke whatever pressure exists above the piston 
must co-exist belowit, the effective area of his low-pressure 
aye is 30.67 in. (against a high-pressure piston of 40.21 in.) 

the face of this most astounding fact Mr. —— claims 
as the chief advantage of his engine that in it the steam 
exerts a continuous equal power of the crank pin. ‘ Ye 
gods, what a glorious twist !’’ Even Milo the Crotonian 
could hardly Lave swallowed that. 

MY Yours truly, 
A. G. E. 


P.S. It might be instructive to some of your readers to 


peruse the fo 


points of cut-off in the high-pressure side of cylinder, with 


an initial pressure of 70 lb. and an assumed vacuum of |= 


12 Ib. per square inch : 





























a roughly worked out for various |— : 


_ The Forest of Dean.—The house coal trade is less brisk 
in the Cinderford Valley than it was a week since, but the 
Severn trade is main , the near a; h to Christmas 
im) ing some improvement to this ch of industry. 
There is no pros; that any of the sus; ed collieries 
will be reopened for some time to come. statement that 
the Parkend Iron and Tin-plate Works are likely to be 
opened on the 1st of January is not credited locally. It is 
probable that after Christmas the tin-plate works and 
mills at Lydney will be once again in full operation. 
Bristol Tramways.—One of the cars on the Redland line 















has been fitted with a novel kind of seat. It is cushioned 
and fit ted wi h-springs on each side, so that when a pas- 
senger rise flies back, and the hood with which it 


ly prevents its get wet. Colonel 
of the North Metropolitan Tramway, 
the seat is in use on that line ; but the 
ppany is the first provincial company 

—- experience proves en- 
cars be provided with these 


understood that this project has 
a t 
‘ounds due to . 
Point Total on|Steam on Bie: 3 aggregate re- 
of Up- | Down- Condaa . ungary in the first ten 
Cut-off. Steam Vacuum | Stroke. | Stroke. [7.0% ated OF en ce compared 
on on Up- : he corr riod o 5 
Stroke. Stroke. : line ed | October 81 this year 
p _ 10,586 miles in the 
838 425 1268 195 | °° 9.45% Spor 
1190 425 1615 391 18.932: jaw as : 
1850 425 1780 586 28.35 Ee there is some proba- 
1407 425 1832 782 89.8223 3 for ocean 
wage} le en. for the 


sy 


The above Table disregards loss from condensation, does 
not take friction into account, and allows for waste spaces |) 


equal to one-twentieth the capacity of the low-pressure 
sille of cylinder. In the designs shown by Mr. Burgh 
there is probably more waste space. ; 





x 
HIGH-PRESSURE MARINE BOILERS, ~ 
To THE EpIToR oF ENGINEERING. 

S1r,—In your issue for November 30, I find illustrated a 
set of boilers for marine purposes, said to be designed hy 
Captain G. J. Scott, of Calcutta, for the India General 
Steam Navigation Company, Limited. 

Absence from home has prevented me from at once writing 
you respecting these boilers. I kindly ask your attention, 
and that of your readers, to Smith and Alexander’s patent 
‘*twin’’ boiler illustrated by you on March 5, 1875, and 
patented the year previous. Two years since on application 
from Captain Scott, I supplied designs and estimates for 
boilers on our patent to work in his steamers on the Ganges 
with muddy water; Mr. Scott’s patent is dated a year 
later, and embodies the leading features of our prior one 
with the addition of the water legs, the advantage of which 
has to be proved. . 

Messrs. Tangye Brothers, of Birmingham, are now mak- 
ing these patent boilers, and I forward you a traci 
of a set just supplied by this firm to Messrs. E. Withy an 
Co., of Middleton Ship Yard, Hartlepool, who after two 

ears of steady work and test with the boilers illustrated 
om you in May, 1875, have decided to lay down a range of 
these boilers 


to supply their whole yard, whilst the existing 
boilers will be used 3 


as auxiliaries. 
I am, Sir, yours traly, 
ALFRED ALEXANDER. 
Cornwall Works, Soho, Birmingham, December, 1877. 





NOTES FROM THE SOUTH-WEST. 
The Severn.—A Bill proposed to be introduced into 
Parliament for the construction of a bridge over the Severn 
at Newnham has been printed. 


Penarth Dock Extension.—The at dock extension 
scheme at Penarth, respecting which Parliamentary notices 
have been issued, is after all to be abandoned. The Taff 
Vale Railway Company are fearful of proceeding further 
in the matter, as they are threatened with legal proceedings 
by the Marquis of Bute’s trustees if they do not retract. 
It seems that by a former agreement the Bute trustees con- 
sider they have a claim on the Taff Vale Company to 
recognise only the interests of their docks. 


South Wales Coal and Iron.—The exports of coal from 
the South Wales ports in November fell considerably below 
those for November, 1876, and the effect upon the whole 
South Wales district is being severely felt. From Cardiff 
the shipments to foreign ports were only 215,200 tons, the 
shipments for November, 1876, being 336,344 tons. The 
shipments last month from Newport were 46,669 tons, 
those for November, 1876, being 65,257 tons. _From Swan- 
sea the quantity of coal shipped last month was 49,569 
tons ; for the corresponding month of last year the-quantity 
shipped was 58,676 tons. astwise, the quantity of coal 
shipped from Cardiff was last month 52,095 tons, the quan- 
tity shipped in November, 1876, being 81,185 tons. From 
Newport the quantity shipped coastwise last month was 
60,985 tons, as against 78,647 tons for the correspondi 
month of last year ; and from Swansea the quantity shipped 
was 13,045 tons as against 22,871 tons fcr the correspond- 
ing month of last year. This falling off in the demand for 
coal is ter during one month than has been experi 
at the oath pte? pang for years. The quantity of iron 

iff is i i The quantity shipped 





‘ appliances. 















the ‘‘ Semaphore 
the capital is to be 
i), i 





It is. pro; 
ier at 
J rd spring <P ‘so that 
steamers may a} side ani 
states of the tide. The pie d, which will serve as 
a breakwater, is to be 1050 ft. in length, and 36 ft. wide, 
and it is to have a double line of rails, and all necessary 


It is to be made strong enough to carry a 
locomotive and train. We are informed that it is intended 
to erecta portion of the pier extending into 18 ft. in depth 
of water in nine months, and to complete the structure 
within eighteen months or thereabouts. Soundings at the 
so for the jetty show that it can be carried out into 
ft. at low water, should the ress of steam cowmuni- 
cation hereafter warrant the additional outlay. The com- 
pany is prepared to commence eos Beg ov immediately 
after the requisite legislative sanction been obtained. 


LIVERPOOL ENGINEERING SocrreTy.—On Wednesday 
evening the 19th inst. this society held its last meeting of the 
ear, and after the election of the officers, the retiring 
ident, Mr. Grabam Smith, A.I.C.E., delivered an 
address on the ‘‘ Status and Prospects of Engineers.’’ He 
commenced by quoting from the daily press with a view 
of conveying some idea of the public opinion concerning 
the profession, and after —— some length Lake 
some he oer tegen to “f capes was a —_ 

reservoir for irri purposes, an e Pyrami 
Gizeh, constructed 5000 years back, he said the profession 
is undoubtedly of ancient lineage. Tubaleain was a 
wor! in metals, according to Geo: Smith the 
great discoverer of the Ancient East, the title of ‘‘ Master 
isted in Assyria 700 B.c. He said thé 


of Works’’ exis 
remains of works were to found all over the world, 
wering 


clearly denoting that the ancients possessed men ans 
to the deseription and filling the position which the 
of the present 7! occupies. He then proceeded to say 
that the heads of the profession are totally unrecognised by 
the British Government, and that titles are sparsely dis- 
tributed to engineers, but he thought they could dispense 
with them, as an engineer by his own work may gain more 
distinction and honour among the inhabitants of the 
civilised world than it is in the power of all the crowned 
heads of Europe to bestow. He defined the profession as 
the art of controlling the force of the winds and f, 
waters, so that the na 
to 





earth ; the construction of docks and harbours for the 
convenience and safety of ships bringing new materials 
from foreign lands, to provide employment for millions, 
and carrying back the products of vast industries; the 


ventilation, er and draining of the habitations of 
these people, and the bringing of the pure water of the 
mountain rill to their very feet; the inventing and per- 


fecting of machinery with which to mine into the bowels 
of the earth for hidden treasures, and render them con- 
venient to the uses and wants of mankind; and the per. 
forming of a multitude of other useful offices. He said 
the remuneration on entering the profession is small, but 
that after a young engiricer has thoroughly mastered the 
details of bis profession, he ma; depend upon obtaini 

work of one kind or other at all times. He pointed ou 
the difficulties me | a young eer about to start in 

i ice, said he 


vate co fully agqwesiate them 
Pimeelf as he was just about to face them. n conclusion 
he pointed out various works as instances of the scientific 


temperature, he would perhaps realise the absurdi' shipped from Cardiff is 5 ) H , 

signing a compound pata with only one cylinder. Next | last month reached 7916tons. From Newport the quantity | progress of the profession, and said they would long ~ 
let us examine the proportions of the engine, which has | was 2869 tons and from Swansea 480 tons. The prices of remain to immortalise such names as Lesseps, Sommeiller, 
already been constructed. Mr. Burgh says: ‘I haye | both coal and iron are low. Grattoni, Eads, and Fowler. ; 
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HORIZONTAL ENGINE WITH COLLMANN’S VALVE GEAR. 
CONSTRUCTED BY THE GORLITZER MASCHINENBAU ANSTALT, GORLITZ. 
(For Description, see opposite Page.) 
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ONDON AND NORTH-WESTERN RAILWAY. 


ROM THE DESIGNS OF MR. F. W. WEBB, LOCOMOTIVE SUPERINTENDENT. 


r Description, see Page 473.) 
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TANK LOCOMOTIVE FOR THE LONDON AND NORTH-WESTERN RAILWAY. 
‘ €ONSTRUCTED AT THE COMPANY’S WORKS, CREWE, FROM THE DESIGNS OF MR. F. W. WEBB, LOCOMOTIVE SUPERINTENDENT. 





COLLMANN’S VALVE GEAR. 

WE illustrate on the opposite page a novel system of 
valve gear, recently invented by Herr A. Collmann, of 
Vienna, and claimed by the patentee to be in many re- 
spects an improvement on the Corliss and Sulzer gears, 
which in certain points it resembles. In our engravings 
Fig. 1 is a perspective view, taken from a photograph, of 
an engine fitted with the Collmann gear, and made by 
the Gérlitzer Maschinenbau Anstalt, in Gorlitz, Figs. 2 
and 8 are sections through the cylinder and the guides 
respectively, Figs. 4 and 5 are copies of indicator dia- 
grams taken from the engine shown in Fig. 1. 

The general arrangement of the valves is similar to 
that used in the Sulzer engines.* Double-beat valves 
are used, two for admission on the top of the cylinder, 
and two for exhaust below it. All four valves are 
also worked, as in that case, from a horizontal shaft 
parallel to the axis of the cylinder, driven from the crank- 
shaft by mitre gearing. The governor (Figs. 1 and 3), of 
an approximately isochronous type, is driven from this 
shaft through a pair of screw wheels. The exhaust 
valves are worked by cams through an arrangement of 
lever shown plainly in Fig. 2. These valves are lifted by 
the cams and allowed to drop shut by their own weight, 
and that of the levers and rods connected with them. 

The mode of working the steam valves is, however, 
the characteristic feature of this gear, as of others, and 
is certainly ingenious. Referring to Figs. 1 and 2, it will 
be noticed that on the auxiliary shaft there are two 
eccentrics, one for each valve. A pin in the eccentric 
rod is jointed directly to one end of a lever working on a 
horizontal axis fixed to the cylinder. The other end of 
the same lever is connected by a light link to the lower 
end of a little buffer rod working in a socket which is 
itself jointed above directly to the valve spindle. The 
pin on the buffer rod is connected by a long link to a 
block capable of sliding on the upper end of the eccentric 
rod, which is made cylindrical for that purpose. Suppose, 
for the present, this block to be fixed on the eccentric 
rod, and the eccentric to be in position to commence 
opening the valve. The eccentric is then nearly hori- 
zontal and turned towards the cylinder, so that the 
upper part of the rod is at its maximum distance 
from the cylinder. The buffer rod and the link 
below it, which together form, as will be seen, a knee- 
joint, are nearly in one vertical line, the joint be- 
tween them being pulled forward by its connexion 
with the eccentric rod. The flange on the lower end of 
the socket rests on the buffer plate (which is covered 
with leather), and as the eccentric descends the latter is 
lifted (by the action of the lever), and the valve is thereby 
opened. As the eccentric descends the valve receives a 
motion determined jointly by the motions of the eccentric 
and its rod. The former by itself would lift the valve; 
the upper end of the rod, however, comes continually 
nearer the cylinder, and by so doing pushes away the 
lower end of the buffer rod, a motion which would by 
itself tend always to leave the valve free to drop shut 
again. The particular point at which the valve does 
actually close will depend upon the position of the sliding 
block on the*eccentric rod. The higher this is the 





* See ENGINEERING, vol. xv., page 33. 








greater will its motion be, the further will the knee be 
pushed out for any given position of the eccentric, and 
the earlier, therefore, will the cut-off take place. To 
make the change of cut-off automatic it is only necessary 
to control the position of the block on the eccentric rod 
by the governor, and this is done simply enough by the 
arrangement of levers shown in the figures. 

The whole action of the gear is therefore this: the 
valve is lifted by positive connexion with the eccentric, 
the lead being nearly, but apparently not absolutely, 
constant. At a certain point of the stroke, determined 
by the governor, the outward motion of the knee-joint 
becomes sufficiently great to take up all the upward 
motion due to the lever, and from this point onwards the 
buffer recedes from the socket instead of pressing against 
it. The valve therefore closes by its own weight, helped 
by the light plate spring across the top of its spindle, 
shown in Figs. land 2. Judging from a series of cards 
before us, taken from an engine similar to the one we 
illustrate, and with cuts-off varying from one-half to one- 
eightieth of the stroke, the cut-off is as sharp as could 
possibly be wished, and the other “ points” in the diagrams 
are all good. The cards were taken at 66 revolutions per 
minute and with a boiler pressure of 90 lb. per square 
inch, 

The difference between the Collmann gear and the 
Corliss or Sulzer gears, which it’ so greatly resembles at 
first sight, lies essentially in one point. In the former 
the velocity with which the valve closes is limited by 
the velocity with which the buffer recedes from its socket, 
in the latter the valve is jerked shut by the uncontrolled 
action of a spring at some unknown, but certainly much 
higher, velocity. By some process of reasoning which 
is inscrutable to us, Herr Collmann claims that the 
shutting of his valves isa positive motion. This is, of 
course, an error, but the reduction of velocity of closing 
which his gear effects is certainly a considerable ad- 
vantage as to saving both of noise and of wear. The 
comparatively gradual motion by which the valve comes 
to its seat is in itself preferable, even although it be not 
a positive motion, to the shock of the suddenly closed 
valve, and the simple buffer has not the chance of getting 
out of order, which unfortunately seems to exist in the case 
of many forms of Corliss and similar engines. In theabsence 
of longer experience in its working we cannot, of course, 
say to what extent the inventor’s expectations as to the 
ease and certainty of action of his gear may be realised. 
While we cannot, therefore, agree with all his statements as 
to its relative advantages, there is no doubt thatit possesses 
at least one important improvement, and with this it 
should soon make its way sufficiently into use to enable 
a fair comparison to be made between it and the existing 
types of engine mentioned. 

The double-beat valves used by Herr Collmann are of a 
peculiar form intended by him to obviate the troublesome 
leakage which often occurs in such valves on account of 
unequal expansion of the valve and its seat. He founds 
his design on the fact that cones do not c their vertex 
angle in expanding, so that a solid and hollow cone once 
made to fit each other would fit equally well afterwards 
whatever their temperatures. He, therefore, makes the 
two beats of his valves portions of two cones having, a 
common vertex somewhere within the seating. How- 








ever much this point may change its position as the seat 
expands, it must remain the common vertex of the two 
beats of the seat, and, therefore, of the equi-angled beats 
of the valve, and both faces will consequently fit always, 
if fitted once. The working of these valves is said to be 


very satisfactory. 


TANK LOCUMOTIVE. 

Tue latest type of tank engines introduced by Mr. F. 
W. Webb on the London and North-Western Railway is 
one possessing special interest both from the novelties of 
detail included in its design, and from the good results 
which ‘it has given in actual work, and we are glad 
therefore to be able, through the courtesy of Mr. Webb, 
to lay before our readers very complete illustrations of 
these engines. Thus the week before last we gave a two- 
page engraving containing a longitudinal section and plan 
(Figs. 1 and 2), while this week we give a perspective view 
of the engine on the present page and also another two- 
engraving showing transverse sections and details of the 
leading axle-box. The perspective view, we may add, was 
prepared from a photograph of ‘ No. 2000,” the 2000th 
locomotive turned out from the Crewe Works. 

As will be seen from our engravings the engines under 
notice have inside cylinders and four-coupled wheels, 
while the leading wheels are fitted with a special ar- 
rangement of radial axle-box, designed by Mr. Webb, 
which we shall describe —- The cylinders are 
17 in. in diameter with 20 in. stroke, while the coupled 
wheels are nominally 4 ft. 6 in. in diameter, or 4 ft. 74 in. 
in diameter when the tyres are new, and the tractive power 
exerted for each pound of effective pressure per square 
inch on the pistons is thus 107.08 lb. 

The boiler is of steel with an inside firebox of copper, 
and the heating surfaces and proportions are as follows: 





Heating surface: Firebox : 84.84 
Tubes ... tn +» 886.82 
Total... on pie +» 971.66 


Firegrate area... oes ies «+ 14.24 
Ratio of heating surface to firegrate area 68.24: 1 
te area to sectional area 


through tubes... 0... wwe ews 5082 1 
Ratio of firegrate area to smallest 
sectional area of chimney... 10.5 :1 


Mr. Webb continues to obtain most satisfactory results 
with steel, and he now makes all his boiler shells of that 
material. The steel plates used are all manufactured at 
the Crewe Works, and each plate used for boiler pur- 
poses is tested. The standard tests are that the plate 
after being. annealed shall bend double, cold; that a 
hole § in. in diameter punched in a strip from 8 in. to 
8} in. wide shall drift out, cold, to from 1} in. to 1} in. in 
diameter without the strip showing signs of failure, and 
that the material shall stand from 28 tons to 30 tons per 
square inch tensile strain with an elongation of about 
4 in. in a length of 2 in. before fracture, Mr. Webb in- 
forms us that he has now no difficulty in getting these 
conditions fulfilled. 

The frames are of steel, and, as will be seen from our 
engravings, they are well stayed transversely. The 
transverse box stay under the foot-plate (see Figs. 1, 2, 
and 5), in addition to stiffening the frames, acts also as 
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a communication between the side tanks, and to it are 
fixed the feed-valves and the large discharge valve for 
emptying the tanks. This latter is a disc valve opening 
upwards, it being raised by a lever as shown in Figs. 1 
and 2. The utilisation of a hollow frame stay in this 
way as a connexion between the tanks makes a very neat 
arrangement. The boiler is fed by one injector and one 
pump, the latter being provided for feeding with the hot 
water when the engine is worked condensing. The 
pump it will be noticed is fixed below" ‘TH 
stay already mentioned, and it is driven I 

on the trailing axle. The feed from both pump and in- 
jector is delivered into the boiler at the back of the fire- 
box above the level of the firebox crown, and is led for- 
ward by interfial pipes to a point about the middle of the 
length of the barrel, as ghown in Fig. 1. This arrange- 
ment is one which Mr. Webb has now adopted for some 
years, and we illustrated it-in detail on 423 of our 
thirteenth volume, while on 188 of our fourteenth 
volume we gave detail views of Mr. Webb's injectors. 

We have already mentioned incidentally that the 
engine can be worked condensing, this provision being 
made to suit the requirements of underground traffic, 
while even when the engine has to be ae. af entirely in 
the open air it affords a convenient mode of heating the 
feed water at an Bone - the blast is not required to 
maintain steam. e condensing arrangement is similar 
in principle to that adopted on the Metropolitan Railway 
locomotives, but is somewhat differently carried out, the 
arrangement being such, we consider, as tends to produce 
a more uniform heating of the water in the tanks than is 
attained by the older arrangement, In the first place, it 
will be noticed from Figs. 1 and 8 that the exhaust pipe 
—which is, we may mention, made. of cast iron and 
galvanised—is fitted with a valve, which, when in the 
position shown in Fig. 1, diverts the exhaust steam from 
the blast nozzle, and directs it_ into the two side 
leading to the wing tanks. These pipes are 
withan expansion joint where they join the tanks, as 
shown in Fig. 2. As will be seen from Fig. 4, each tank 
has a partition across it 3,4, in. below the top proper, the 
exhaust steam being discharged between the top and 
this partition. Each partition is perforated with sixteen 
lin. holes, as shown in Fig. 2, while from it six pipes 
8} in. in diameter are led down to within a few inches of 
the bottom of the tank, as shown in Figs. 2 and 4. These 
pipes form a substitute for the single pipe used in the 

etropolitan engines, and the intermittent pressure of the 
exhaust steam acting within them causes a pulsating 
movement to be set up and produces a circulation of the 
water in the tank, thus preventing the water from being 
heated on the surface only. - Any steam not condensed is 
discharged through small escape ps pe which are led 
from the tanks below the perforated partition already 
mentioned. 

The arrangement of the cylinders and of the working 
gear generally is similar to that adopted in Mr. Webb’s 
four-coupled engines of the “ Precursor” type, which we 
illustrated and described on page 185 of our nineteenth 
volume, the weighbar, in the present instance, however, 
being placed above instead of Below the valve gear, and 
the cylinders, instead of being horizontal, being inclined 
at an angle of 1 in 24. The arran ent of the valve 
faces is clearly shown in Figs. 1 and 3. 

One of the chief features of the engine under notice is 

the arrangement of leading axle-box. This axle-box, 
which has been designed for these engines by Mr. Webb, 
is of quite a novel form. Referring to the detail views 
(Figs. 7 to 11) which we publish this week, it will be seen 
that the box is in one casting, stretching right across the 
axle from journal to journal. At each end it is fitted with 
brass steps for the bearings, which are 10 in. long by 6 in, 
in diameter. The box is radial, the sides being curved to 
ares struck from a centre half way between the driving 
and trailing wheels. The hornplates, as will be seen 
from the engravings, are curved to suit the ‘box; they 
also stretch across the engine between the frames to 
which they are bolted; they are made of wrought iron 
hes thick, flanged at ths top to give them strength. 
nside the box beneath the axle are fixed two cast-iron 
brackets, and in the centre line of the enginea bracket is 
bolted between the hornplates, to clear the flanges of 
which the box is cut out to suit. 

Between these several brackets are fixed india-rubber 
springs 4} in. thick and 5 in. in diameter when uncom- 
pressed. These springs have an ini*ial\pressure of 6 cwt. 
each when the engine is standing on a straight road, 
The lateral play allowed on each sido is 1} in., so it will 
at once be seen when the engine moves on to a curve the 
pair of washers on one side are stil] more compressed, 
whilst those on the other side are released. When the 
engine again gets on a straight road the springs naturally 
relapse into their normal positi The bearing spring 
pillars are fitted with a brass shoe ona planed surface in 
the oil-box over the top of each bearing: Above the axle- 
box in the centre line between the cylinders is fixed a 
cast-iron bracket fitted on to the flanges of the horn- 
plates, this forming a good bracing in the middle to hold 
them together and being also utilised for oiling the axle- 
box between the tes. As will beseen from our en- 
ecrings the whole forms a_very simple and substantial 
job. The curved sides of the axle box, we may mention, 
are not machined, the casting being used as it comes from 


thesand, and being made a free fit between the guide 
plates. As the pressure is always in one direction when 
the engine is running, a little play between the axle-~box 
and guides causes no inconvenience. 7 
The driving and trailing axle-boxes are of cast iron 
with brass bearings, and it will be seen from the dimen- 
sions that the journals of the coupled axles are the same 
size as on the engines of the “ Precursor’ class already 
referred to. At the trailing end the engine ig carried by 
@, transverse spring, the arrangement of which is 
by Figs. 1 and 5. From this last-mentioned figure also, 
ft will be seen that the coupling cranks have a throw of 
but 9 in., instead of being of the same throw as the inside 


cranks as is the.usual practice. Mr. Webb now regularly 
adopts the system of making the coupling cranks of less 
throw than the others—the throw of the coupling cranks 


being made ional to the diameter of the wheels 
they ee he states that the system answers well. 

Another feature in the engine under notice is 
the hydraulic brake, which is also of Mr. Webb’s design. 
Its arrangement is best shown by Figs. 1 and6. Re- 
ferring to those figures it will be seen that the brake 
cylinder, which is of cast iron, is 9 in. in diameter, the 
maximum stroke of piston being 9in. The piston and 
rod are of steel and forged in one piece. On the top of 
the piston is fitted a wrought-iron plate jin. thick, 
bolted to it by six countersunk bolts ; by taking off this 
plate the piston can be packed without | oe taken out 
of the cylinder. From the top of the cylinder is a copper 
pipe leading to a three-way cock attached to the whistle 
stand on the firebox, this pipe supplies the cylinder with 
steam when the brake is off. A similar pipe leading 
from the bottom of the cylinder to a cock fixed on the 
firebox below the foot-plate conveys water to the cylinder, 
and forces up the piston when the brake is to be used. 

The brake is applied: by moving the handle of the 
three-way cock from one side of the quadrant to the 
other; this operation closes the passage from the boiler 
and opens one from the brake cylinder to the tank, thus 
allowing the steam to escape. Immediately the pressure 
is removed from the top side the piston is forced up by 
the water under full boiler pressure. To release 
the brake the handle of the cock is moved in the oppo- 
site direction, when steam is admitted to the top of the 
cylinder, and acting on the greater area the piston is 
forced to the bottom. 

The piston rod is connected, by an intermediate link, 
to the long lever on the brake shaft, which lever rises with 
the piston and brings the brake blocks in contact with the 
tyres of the wheels by means of the pulling rod, fixed at 
one end to the short lever on the brake shaft and at the 
other secured to the crossbar (which connects the brake 
blocks) 4in. from the centre line of engine. The leading 
pulling rod is fixed 8 in. from the centre line of the engine 
(see Fig. 2) and runs diagonally to centre of the leading 
crossbar. By this arrangement the pull is equalised on 
all the wheels. A spiral spring is attached to the trail- 
ing crossbar and to an angle iron underneath the ashpan, 
to assist in keeping the brake blocks off the wheels. 
The hydraulic brake is so arranged as to admit of the 
hand brake—which by a neat arrangement acts through 
the same gear—being used for ordinary occasions. In 
practice the hydraulic brake is found to be very prompt 
and effective. 

Mr. Webb has now made forty engines of the type we 
have been describing, and up to the present they have 
been used for the Manchester and Buxton passenger 
traffic, the passenger work on the Central Wales line, and 
some of the passenger work on the Stour Valley Railway. 
One of the engines also has been worked on the metro- 

litan trains between Broad-street and the Mansion 

ouse. The performance of the engines has been most 
satisfactory. Thus for working the Buxton fast passenger 
trains the average consumption during the past twelve 
months has been 28.6 lb. per mile, a low consumption 
considering that the line is very heavy, it having a rise of 
953 ft. in 23} miles, with a ruling gradient of 1 in 58 for 
64 miles. 

The first engine of the class commenced to run regularly 
in September, 1876, and up to the present time has not 
required its driving wheels or boxes touching in any way. 
The leading wheels have been skimmed up, being a little 
hollow in the tread, but perfect in the flanges. The 
mileage run by this engine from September 28th, 1876, 
up to November 8th last was 29,512 miles. 

In conclusion, we append a list of the principal parti- 
culars of the engine we have been describing ; it will be 
seen from the particulars given that the distribution of 
the weight is excellent. 





a wenasy and Motion (Straight Link): ft. in. 
iameter of cylinders... eee “a 1 5 
Stroke of piston ... 1 8 
wa of steam ports 0 10 
Width ,, ‘e m- porn 0 lh 
»»° Of exhaust ports ... re 0 3 

» Ofbars... ee wai 0 li 
Travel of slide valve in full gear 0 33 
Lap of ay = 01 

Lead of + ~ 0 oye 
Throw of eccentric he as 0 5 
Diameter of piston rod .., oes oe 0 2 

Length of connecting rod between 

centres ... soteadhiiee pee rs 5 11 
Length of eccentric rod—forward 4 0} 

” % backward ... 3 112 





Wheels and Frames : oe ft. 
. Diameter of driving and trailing wheels 
99 leading wheels _... ee 
Distances between centres of driving 


and trai wheels... exe Ae’ 
of leading 


of 


om 


Distance between centres 
and driving wheels “*., 
Wheel base pe ia Bee 
Width of tyres... “'s.. 
Distance between f: 
Thickness of frames ) 
Boiler (Steel) : late 
Length of boiler barrels. ws 
Mean diameter of boiler outside 
Diameter. of largest outside 
” i) ” 
Thickness of boiler ome ve a 
¥ smokebox tube-plate (steel) 
— of firebox casing outside Gi 
a 


Width ” ” 
bottom) ... Rs S ie ste 
Width of firebox casing outside (at 
hs ae sd He er Gua at 
o low centre 
Piety ns Poo 
ee bottom ditto 
Height of firebox... os a 
i f copper plates _... + 
y > firebox tube-plate... eas 
Length of tubes between tube-plates ... 
Diameter of tubes outside oe 
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-_ 
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Pe ' a, whe ~~) BP 


— 
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_ 
eos! = 
rere 


~, 
o° a” 
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cnet 
oy 
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Number of tubes ... * 
Diameter of chimney — 


Tanks rf , > 
pacity of tanks 
Lengt 


Width pe 
Depth 
— of 


inside... on ‘se 


” ” 


Com Or 


p> as ons ns — 
condensing pipes in each 
Diameter of condensing pipes in each 
Centres of condensing pipes in each tank 
rss steam chamber on top of tank 
(inside) ... ae oss adi Sac 
Width of steam chamber on top of tank 
Saath ” o ost wn ooo 
Depth of steam chamber on top of tank 
Inside) ... o- aa sal we 
Thickness of plates 
Diameter of steam 
to tank (inside) 
draulic Brakes : 
iameter of cylinder 
Stroke aan pa oes 
Diameter of piston rod ... 
Weight of Engine : 
eight of engine in steam with 6 in. of 
water above firebox, a good fire, 500 
gallons of water in tanks, 10 ewt. of 


& Re PZ 


oc ooclUCrHYWwhlCUCU ODUM SO 
wo 
aes 
ee 


pipe from smokebox 


ooo 


coal in bunker, sandboxes half full : 
tons cwt. 
Leading wheels... 9 10 
iving 35) «.. 13 «5 
Trailing ,, 13 «0 
Total weight of ego oo. 95 15 
ine cold, with boiler, coal bunker, 
box, and tanks all empty : 
f tons cwt. 
Leading wheels... eee: 
Driving ” 10 12 
Trailing ,, 2 
Total weight 30 18 








New York EL&vaTeD RarLRoap.—All legal impedi- 
ments to the expansion of this enterprise having been re- 
moved, the company now propose vigorous work. About 
two miles of the double track on the west side have been 
completed, and it is expected that the remainder of the dis- 
tance—from the Battery to Sixty-Seventh-street—can be 
finished before January 1. The double tracks will tly 
facilitate the business of the road, doing away with the 
necessity of switch ‘‘ turnouts,” thus permitting trains to 
run up and down simultaneously. More trains can in con- 
—— be run, and it is stated that the new time-table 

ill show such increased accommodation that time lost in 
waiting will be reduced to a minimum. 


New ZEALAND CoaL.—In a report which has just been 
prepared by Dr. Hector, some interesting information is 
cs regarding the coal seams of Otago, New Zealand. 

he Green Island district is estimated to have an area of 
eight square miles, regen | coal of a workable quality, 
and the Kaitangata coalfield is believed to extend over 
40 square miles. It is calculated that by working 6 ft. 
only from the centre of the Green Island seam, the avail- 
able yield will be 20,000,000 tons, and that this will leave 
46,500,000 tons still unworked. There are six coal mines 
in operation. Dr. Hector reports that the average 
amount of coal won per day per man in the Green Island 
district is the least of any of the working collieries of New 
Zealand, and the cost of getting the same is higher here 
than at any other New Zealand mine: Of the Kaitangata 
mine he reports: ‘‘ This is the third mine which has been 
opened in this important coalfield, which extends over 
pedo ee as and is estimated to contain 100,000,000 
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COMPOUND ARMOUR PLATES. 

For some months past attention has been drawn 
to the possibility of the re-opening of the question 
of guns versus targets. This anticipated state of 
matters is being brought about by the introduction 
of some novelties in the construction and manufac- 
ture of armour plates. The Heavy Gun Committee 
have long been pursuing investigations with regard 
to compound armour plates, that is plates having 
steel faces and iron backings. The necessity for 
ring a substitute for iron, and which substitute 
should not be steel pure and simple, was made 
apparent at the celebrated Spezzia armour-plate 
trials, in which some steel plates defied the 100-ton 
gun, but were broken up by 10-in. and 11-in. guns. 
At Shoeburyness early in the year, and again about a 
month since, experiments were made with plates of 
compound construction with a certain degree of 
success. In the first instance the plate tried was 
one produced by Messrs. Cammell and Co. under 
the patent of Mr. A. Wilson. In the second and 
more recent trial a similarly constructed, though 
differently manufactured plate by Sir John Brown’s 
firm was tested. More recently still, namely, on 
Tuesday last, a series of trials were carried out by 
the Admiralty at Portsmouth with compound 
armour plates manufactured by Messrs. Cammell 
and Co., and with a plate of peculiar pattern designed 
and made by Sir Joseph Whitworth. There wasa 
large gathering of naval and military officers, in- 
cluding the heads of various Government depart- 
ments interested in the question at issue. The ex- 
periments took: e on board the Nettle, and were 
carried out under the direction of Rear-Admiral 
Boys, Director of Naval Ordnance; Captain Her- 
bert, of the Excellent, having charge of the firing. 


ords, | contact with some of the plugs. 





The plates wry may upon were four in number. 
There. was first Sir Joseph Whitworth’s plate made of 
his compressed_steel. Next was a su burised 
steel plate by Messrs. Cammell. ‘The third was a 
steel-faced iron # my by the same firm, and the 
fourth a plate, also by Messrs, Cammell, in which 
the steel is sandwiched in between two plates of 
iron. All the plates were 9 in. in thickness. The 
Whitworth target measured 6 ft. 8 in. wide by 6 ft. 
high, and consisted as stated of a plate of com- 
pressed steel, in which about fifty hardened screw 
plugs were inserted. The plugs are placed so 
closely together that a projectile cannot do more 
than slightly penetrate the plate without coming in 

Sir Joseph thus 
claims to obtain a maximum of strength with reduced 
thickness of armour. The body of the plate is made 
of steel having a tensile strength of about 40 tons 
per square inch, whilst the plugs are formed of steel 
possessing a tensile strength of about 100 tons per 
square inch. By this device it is assumed that the 
shot will be broken upon impact, a further ad- 
vantage being that the plug-holes will arrest any 
cracks that may be started in the body of the plate. 
The heads of the bolts for holding the plate to its 
pews | were inserted in and held by some of the 
screwed plugs, 

Messrs. Cammell’s sub-carburised plate was 
9ft. 9in. wide by 7ft. 9in. deep, and weighed 
11 tons 4 cwt. It is a solid steel plate in which the 
carbon is so low—being reduced to .13 per cent.— 
that the metal approaches in character to wrought 
iron. The object in view in producing this metal 
was 40 obtain a steel plate which should offer a 
greater resistance than iron to penetration and 
which yet would not star under impact, The com- 
bined iron and steel plate—that faced with steel— 
was intended to resist penetration by regs or 
breaking up the projectile on impact. It was 
9ft. Jin. wide by 7 ft. 1}in. deep, and weighed 11 tons 
4cwt. It consisted of a steel face 4 in. thick, contain- 
ing .64per cent. of carbon, and havinga backing of 5in. 
of wrought iron. The sandwiched steel in iron 
plate measured 8 ft. in width and 5 ft. 11 in, in depth, 
and weighed 7 tons 16 cwt. It was composed of a 
face-plate of iron ?in. thick, a centra) plate of steel 
ee thick, and a back plate of iron 1? in. thick. 

e steel contained .57 per cent. of carbon, and like 
that in the previous plate was considered hard. In 
order to have a basis of comparison a solid wrought- 
iron plate made by Messrs. Cammell was fired at on 
the 12th of October last. This plate was 9ft. 9in. 
wide, 7 ft. 9in, deep, and of the same thickness as 
all the others, namely 9 in. ‘ 

The compound plates were made under the patent 
— of Mr. Alexander Wilson, which consists in 

eating the iron plate in a specially constructed 
furnace to a certain degree of redness, and, while in 
the furnace, in pouring upon it the molten steel to the 
required thickness. The steel has a much higher 
temperature than the iron B ers that of the latter 
being comparatively low. e excess of heat in the 
steel beyond the welding temperature of the iron 
serves to bring up the surface of the iron to a 
welding heat. The carbon in the steel carburises 
the iron to a depth of from jin. to yyin., thus 
forming a zone of mild steel between the hard steel 
and the iron, which constitutes aninseparable weld. 
The small plate which was tried at Shoebury gave 
remarkably good results, Messrs. John Brown and 
Co.’s process differs slightly in some of its details as 
re manufacture, but the principle involved is 
the same. In the case of the sandwiched steel and 
iron plates, the iron plates are retairied in a vertical 
sition, and the steel is poured in between them. 
essrs, Cammell and Co. have also a patent 
for the manufacture of their sub-earburised plates. 

In the experiments on Tuesday last the plates 
were all held to their timber backing by means of 
24 in. steel bolts of two different patterns, the de- 
signs for which were furnished by the War Office 
and the Admiralty respectively, the bolts being 
manufactured by the makers of the plates. The 
threads were in each case plus, that is, extraneous to 
the surface of the bolt and not cut into it. The 
War Office bolt has a spherical nut and a coiled 
washer arranged on the ball and socket joint princi- 
ple. The Admiralty bolt has the ordinary india-rubber 
navy washer and hexagonal nut, The bolts were 
all put in from the rear of the plates entering the 
plates to ‘a rook — ai Y beleterapeoneagtd 

lates were wi ions 0 
the War Office and the navy bolts, whilst the Whit- 
worth plate was ‘held wholly by bolts of the navy 
pattern. The plates were fixed againsta substantial 


timber framing and the gun used was a 19 ton 9 in, 
muzzle-loading rifled gun of the Woolwich pattern. 
Battering of 50 Ib. of pebble powder were 
fired with a chilled Palliser 250 lb. shot, The 
muzzle velocity was 1.420 ft. second, the muzzle 
energy 3496 foot-tons, and the range 30 ft. Three 
shots, a triangular diagram, were to be 
fired at each plate, the points of impact being about 
2 ft. apart. The firing was point blank at right 
angles with the face of the R 

he results of the firing on the wrought-iron 
plate—and which was to be taken as a basis for 
comparison—were the perforation of the plate by 
one shot, and a considerable bulging of the rear by 
the other two which failed to penetrate it. The 
firing against it was conducted under the same con- 
ditions as on last Tuesday. On the latter oc- 
casion firing was first commenced against Sir 
Joseph Whitworth’s plate, and at the first round, 
the shot penetrated 4.1 in., at the second 2.85 in. 
The penetration at the third round could not be 
ascertained as the shot was broken up, and the point 
remained embedded in the plate. The plate re- 
sisted the shot well, but owing to the absence of oil- 
‘toughening—Sir Joseph not having a tank suffi- 
ciently large for the plate—the tensile strength 
was lower than it otherwise would have been, and 
the plate was much starred. a ow certainly 
successfully performed their allotted task of break- 
ing up the ye cena but they appeared to assist in 
cracking the plate also. 

The next plate tried was that made of Cammell’s 
sub-carburised metal. The plate did not star but it 
split, each successive round further developing the 
cracks. The steel was of very high quality and the 

late came out from the ordeal remarkably well. 

he steel-faced plate was next tried, with results 
greatly inferior to those obtained with the small 
plate at Shoeburyness. The first shot effected 
complete penetration and was estimated to have 
gone about 15 in. into the wood backing. The 
second shot went through about 9 in. into the back- 
ing.’ The plates, moreover, showed marked signs 
of defective welding, and there were appearances of 
burning in the metal. The conclusion arrived at 
was that the manufacturers had been obliged to push 
on too quickly in order to produce the plates within 
the time specified by the- Government. - Hence de- 
fects had crept in, and therefore the system was not 
fairly represented. The third round was not fired. 
The fourth and last target tried was the steel sand- 
wiched between iron plates. The penetration at the 
first round was 6.75 in., the second round produced a 
long crack, whilst the third round punished the plate 
severely. Here again eer manufacture was 
apparent, the result, as before, of the manufac- 
turers having been overtasked on having to produce 
the plates to the order of the Government within a 
comparatively limited period, 

e general results of these experiments show 
the advantage of placing the iron behind the steel 
to arrest cracks. This result was very marked in’ 
the case of the sandwiched plate, the cracks in 
which at the first round were restricted to the 
centre layer, which was the steel. It is, however, 
palpable that further experiments will have to be 
sattte before the compound armour-plate system 
can be considered worthy of adoption. It should 
also be borne in mind that the conditions of firing 
were such as could hardly occur in actual warfare, 
the gun being aimed point blank and at a wg of 
only 30 ft. With time and care, and by the light 
of Tuesday’s experiences, it may be that we shall 
ultimately find, either in the compound system of 
Messrs, Cammell, or in the plugged arrangement 
of Sir Joseph Whitworth, an approximate solution 
of the armour-plate question. 


eee 
THE SOCIETY OF TELEGRAPH 
ENGINEERS. 

Tue Society of Telegraph Engineers held its 
sixth annual general meeting on Wednesday the 
12th inst., on which occasion the members were 
called upon to consider certain modifications of rules 
well calculated to exercise powerful influence over 
the Society’s objects and future welfare, These 
modifications embraced, first, the establishment of 
an entrance fee of two guineas for members and one 
guinea for associates and foreign members; and, 
secondly, raising the annual subscription of all 
future members to three guineas for members, and 
two guineas for associates and foreign members, 
Hitherto, the contribution of members has been 
simply the annual subscription, and this has con- 





sisted of—for members, two guineas ; associates, 
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one guinea; and —_- members, and members 
and associates out of England, one pound. The 
amount cannot be considered excessive, especially 
when it is understood that this sum covers the cost 
of a copy of the Society's Proceedings, with various 
other original communications of interest to the 

rofession, which it is found impossible to discuss 
, e ordinary meetings, but which are examined 
by the Publishing Committee ere being inserted in 
the Society’s Journal. We are pleased to find that 
adopting the proposal for the creation of an entrance 
fee, that of imposing upon all future members an in- 
creased annual pene has been referred back to 
the Council for further consideration—a proceeding 
tantamount to its abandonment, at all events for 
some time to come, 

We cannot but think that the members in 
pursuing this course, have acted wisely. The 
Society was formed, as was remarked by more than 
one speaker, for the advancement of electrical and 
telegraphic science. Inasmuch as there must ever be 
a young and growing class to whom the proceedings 
and publications of the Society are of value and im- 
portance, but whose pecuniary position will not, in 
all cases, admit of the payment of anything ap- 
proaching a high-class subscription, to raise it is 
simply to shut out this class. Any society which 
has for its aim the education of a class or the ad- 
vancement of a science must, in order to cast its in- 
fluence over as wide an area as possible, regulate its 
contributions upon the lowest possible scale suffi- 
cient to meet its working expenses. To raise its 
scale of contributions may make it more select, judged 
from a money point of view, but it can scarcely ad- 
vance the tone and character of a scientific society, 
for the reason that this will depend upon the work 
done by the society—not the social position and 
money worth of its members, although, of course, 
money, and men of means, if at the same time men 
of science, should not be distasteful to a young 
society. Credit is due to those by whom the propose 
measure has been thrown out, and we hope it may 
be a long time ere any further attempt is made to 
again bring it forward, at least without some serious 
and special reason for such should be found to exist. 
At the present moment there would, however, 
scarcely seem to be any reason for it, for the 
Society's progress in point of numbers has been 
marked by great success. If, then, with but a few 
numbers they were able to hold their own, surely 
there should be no difficulty now that the numbers 
which constitute the Society have so satisfactorily 
increased, 

With regard to the entrance fee, that is a payment 
which sooner or later must have been established, 
and it is a payment against which nothing can be 
said provided the body imposing it has something to 
show for it. Now the Society of Telegraph Engi- 
neers has this something. It is now well established, 
has a valuable library, and is regarded justly as one 
of our leading societies. Its list of members contains 
» the names of all who have obtained prominence in 
electrical science. This has been the work of the 
few past years during which the Society has been 
in existence, and the payment of the entrance fee 

is but a fair recognition of what has been 
one by the early members who have thus far borne 
the brunt of the battle. 

The annual report which, according to the statutes 
of the Society, was presented on the same occasion, 
was of a highly satisfactory character. The Society 
may be considered to have taken its start in June, 
1871, on the 80th of which month its first Council 
was elected, at which time the Society consisted of 
less than sixty members. Ita first ordinary general 
meeting was held on the 28th February, 1872, 
when its members had reached 1]0. On the occa- 
sion of the presentation of the first annual report— 
December 1], 1872—the number) had increased to 
353. From that period to the present its progress 
has been earnest and continued. At the present 
time it numbers close upon a 1000 names—206 
of which have been added during the present year, 
81 of whom were balloted for at the last meeting. 
On the same occasion some twenty new names were 
also announced; there is every prospect of the 
numerical strength of the Society reaching 1000 by 
the time of its next meeting. 

During the year the Society has lost the services 
of the late Major-General Robinson, R.E., Director- 
General of Telegraphs in India, and the representa- 
tive of the Society for that part of the world. A 
warm tribute is paid to his memory by the Council, 

who in common with all connected with the science 
are desirous of recognising the services of one who 





has done much towards the development of tele- 
graphy in the Indian Empire. 

In recognition of the services done to telegraphy 
in its early days the Council have unanimously 
nominated Sir William Fothergill Cooke an honorary 


member. The hon. members of the Society now 
consist of Sir George Riddel Airy, K.C.B., the 
Astronomer Royal; General Sir ward Sabine, 
R.A., K.C.B., Professor Weber, F.R.S., Samuel 
Carter, Frank Ives Scudamore, C.B., and Sir 
William Fothergill Cooke. 


It must be a source of considerable satisfaction to 
the members and Council that its Transactions are 
now issued up to date. Nothing is more prejudicial 
to the interests of a young society than irregularity 
in this respect, and this is the more so where its 
members are scattered all over the world. Now 
that all arrears are cleared off we hope to see the 
Journal of the Society issued with regularity as it 
falls due. To delay work of this kind is simply to 
damp the energies of its contributors, for no one 
will care to have his ideas and investigations bottled 
up until started by some one else whose investiga- 
tions are probably of a much later date. 

The work dealt with by the Society under its able 
President, Professor Abel, C.B., Vice-President of 
the Royal Society and Past-President of the Chemical 
Society, will compare favourably with that of any 
previous session, whilst that already announced for 
the ensuing session is more than it is probable will 
be dealt with in the time. Amongst the papers 
announced are ‘‘ American Telegraphy,” ‘‘ On the 
Law of International Telegraph Trralic,” ‘* Tn- 
sulators for Aérial Lines of Telegraph,” ‘Cable 
Grappling and Lifting,” ‘ Colonial Trelegraphs,” 
** Locomotive Torpedoes,” ‘“‘ The Switch System of 
Electric Intercommunication in Railway Trains,” 
‘* Sound in Relation to the Telephone.” The pro- 
gramme is thus already a pretty full one, and the 
members have before them every eee of an 
interesting and instructive session. It is understood 
that the annual soirée will not take place this year, 
but that the Society shall husband its resources for 
the purpose of affording the members of the Inter- 
national Telegraph Conference, which takes place 
in London in Suly or August of the coming year, 
a suitable reception. Dr. C. W. Siemens, F.R.S., 
D.C.L,, has been elected President for the year, 
and it is difficult to see how a better choice could 
have been made. The Society has a fair field before 
it, and we wish it every success. 








PRIVATE BILLS FOR SESSION 1878. 
[Seconp Norice.] 

WE resume our comments upon the Private Bills 
for the ensuing session by noting those for tram- 
ways, of which there are 19 in addition to the ap- 
plications for provisional orders. There are two 
metropolitan Bills, one is called the ‘‘ King’s Cross 
and City Tramways,” which proposes to incorporate 
a company for laying a tramway from Pentonville- 
road to Farringdon-road, with running powers over 
the lines of the London Street Tramways Company ; 
the other is to lay lines along the Wandsworth-road, 
Lambeth, from a junction with the London Tram- 
ways Company at Kennington-lane to Wix’s-lane, 
Wandsworth-road. 

A company is to be incorporated to supply the 
suburbs of Manchester with tramways. The Cor- 
poration of Sheffield add tramways to their improve- 
ment Bill. At Bradford the existing company is 
giving up the ghost and applying for the release of 
its Parliamentary deposit, while another company is 
seeking to be incorporated to construct tramways 
there. A company is to be formed for the benefit 
in this respect of Huddersfield, and the Hull com- 
pany is applying for power to raise additional 
capital and make other financial arrangements. 
The other towns and places affected by tramway 
Bills are Belfast, Blackburn, Acrington, and Over 
Darwen, Boston, Chester, Croydon, Derby, Glyn 
Valley, Newton Heath, Preston, Swansea, an 
Wirrall. 

We next proceed to roads, It is proposed to con- 
struct a new road from Knightsbridge into Hyde Park 
in line of Sloane-street; this is to be done by Lord 
Beaumont, who, according to the notice, is to per- 
form his functions under the solemn title of the 
Undertaker. ~ Another Bill is to incorporate a com- 
pany for making a road from Willesden-road to 

yswater. A Bill is to be introduced uoder the 
title of the Buckingham Gate Improvements for 
authorising the construction of six new streets. The 
first from Buckingham Palace-road, near Charlotte- 





street, toa point near the junction of James and 
York-streets, Westminster. The second commences 
by a junction with street No, 1 on the north side 
of P.: -street, Westminster, and terminates on 
the south side of James-street, near the Duchy o 
Cornwall Office. No. 3 is from the north-east corner 
of Prince’s-row to the boundary of the Stag Brewery © 
wall, on that side of the row. No. 4 is to com- 
mence on the site of the Duke of York public-house, 
Stourbridge - terrace, Vauxhall Bridge-road, and 
terminate by a junction with street No. 3, near the 
junction of Wallis’s Yard and Prince’s-row. No. 5 
is from the junction of Stockbridge-terrace with the 
Buckingham Palace-road, to the before-mentioned 
int of junction between streets Nos. 3 and 4, and 

o. 6 is to begin by a junction with street No. 3 at 
the same point as street No. 4 joinsit, and to end by 
a junction with street No. 1 in the centre of Char- 
lotte-street and near St. Peter’s Chapel, with powers 
to stop up existing thoroughfares in the area pro- 
posed to be appropriated. Notice is also given for 
another Peckham and Lewisham-road Bill, the pro- 
moters of which it is to be hoped, for the benefit of 
the district to be accommodated, see their way to 
pushing the Bill a little further than its namesake of 
last session. 

Then come Bridge Bills, of which there are rather 
more than usual on the present occasion. In the 
first place, the City Corporation propose to widen 
London Bridge to the extent of 1] ft. on each side. 
Two notices have been given for Bills under the 
title of the ‘“‘ Tower Bridge,” and two sets of plans 
and sections have been deposited, Nos, 1 and 2, 
but the two schemes are evidently in the hands of 
the same promoters, and it is probably only a ques- 
tion of estimate asto which (if either) shall be pro- 
ceeded with. Each Bill is to incorporate a company, 
and the bridge is to commence in Horsleydown at the 

oint of intersection of Cross-street with Free 
hool-street and terminate at Little Tower Hill, 
close to the main entrance gateway of St. Katharine’s 
Docks. The difference in the respective works is 
that one structure is designed with swing bridges 
only, while the other, adopting all the details of the 
first, adds to them two loop bridges forming an 
eastern and western loop, each of which is to com- 
mence by a junction with the main bridge, near 
Hartley’s Wharf, on the Surrey side, and to termi- 
nate by another junction with it near Irongate 
Stairs on the Middlesex shore. Powers are to 
be taken for the Corporation of London, the 
Metropolitan Board of Works, the Dock Company, 
and the Tower Subway to subscribe. Another 
Bill is to be introduced for authorising a bridge 
over the West London Extension Railway in 
Kensington, near Warwick-road, which is to be 
called the ‘‘Cromwell Road Bridge” Bill. By 
the Cardiff Riverside Road Bridge Bill it is in- 
tended to enable the Marquis of Bute to construct 
a bridge over the River Taff, with power to transfer 
the same to the Corporation of Cardiff. The 
Newnham Bridge. Bill is for incorporating a 
company to make a bridge from Main-street, Newn- 
ham, across the Severn to the New Inn or Passage 
House, at Arlingham. By the Conway Bridge 
Bill, it is intended to transfer the jurisdiction over 
that undertaking from the Woods and Forests to a 
body of trustees, also to provide for the extinction 
of the present debt and for a reduction of tolls, 

The Shrewsbury (Kingsland) Bridge Company 
propose a deviation of roads in connexion with and 
the abandonment of part of their authorised under- 
taking, also an extension of time both as regards 
the purchase of land and completion of works. 

e now turn to the notices relating to Dock 
Bills. St. Katharine’s Dock Company require 
further capital and borrowing powers, also provisions 
for defining and regulating their existing capital. 
The Alexandra (Newport) Dock Company are 
applying for powers to improve their undertaking 
by the construction of certain railways with running 
powers over Park Mile and Monmouthshire Railway 


d}and Canal Company. The Bristol Pier and Channel 


Dock Company wish to transfer their undertaking 
to amalgamate with the Warehouse Company 
trading under the same name. The Glamorganshire 
Canal Company are applying for power to construct 
a dock timber float and railways at Cardiff, and to © 
divert a portion of the River Taff. The Kingston- 
upon-Hull Dock Com are desirous of construct- 
mee new —< near the Salt end of bod Hay Marsh 
at Preston. It is proposed to incorporate a com 
under the name of the Newhaven Tesboer and Bock 
Company for the purpose of accepting a transfer of 
Newhaven Harbour from the present trustees, with 
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power to enlarge, improve, and deepen it, and to 
construct a pier or breakwater, quays, railway or 
tramways, two sea walls, and a dock at Newhaven. 
Probably the Brighton Railway Company are 
interested in this Bill. Lae — = me Dock 
and Railway Company are also applying for authority 
to extend their docks at Penarth. The Blackpool Pier 
Company seek power to amend their provisional 
order by means of a Bill, which is also to amend or 
annul their articles of association, to sanction works 
already made, and the construction of others, with 
powers of compulsory purchase of land. 

The applications for water and gas Bills are un- 
precedentedly numerous this year, and include most 
of the principal towns throughout the kingdom, 
omitting Liverpool and Birmingham. The most 
important is probably that of the Corporation of 
Manchester, which proposes to construct new works 
for the supply of water from Lake Thirlmere, also 
the making of works at St. John’s, Castlerigg, and 
Wythburn, in Cumberland; to authorise the 
Corporation to hold lands free from obnoxious pro- 
visions of the Lands Clauses Act, or their own 
existing Acts, and to acquire more than the 
Water Works Clauses Act limits them to. Of course, 
anything calculated to relieve the wants and im- 
prove the condition of Manchester, claims general 
sympathy; but as regards water it has often occurred 
to us when visiting the town that if by any possi- 
bility a means could be devised for lessening the 
supply from above, that would be quite as great a 
boon to Manchester as increasing it from below. 
The South London Spring Water Bill is to in- 
corporate acompany for supplying water from springs 
at Tooting to a district between Wimbledon and 
Lambeth, with powers to act in conjunction with 
established companies in the construction of works, 
and ultimately to sell the undertaking to or amalga- 
mate with some of them. The Grand Junction 
Company seek power to extend their limits of 
supply at Isleworth and Ealing, with provisions 
affecting their internal affairs. ‘Che Imperial Con- 
tinental Gas Association also ask for further capital 
powers. Notice is given, too, for incorporating a 
company to construct works and supply water under 
the name of the Norwood (Middlesex) District Water 
Company. ‘The newly installed Corporation of 
Cheltenham are applying for powers to take the 
water supply compulsorily out of the hands of the 
existing company into their own, and of constructing 
works for improving the supply, while the present 
company, apparently unconscious of their impending 
fate, propose introducing a Bill for additional 
works and extension of limits and supply. The 
other towns and places affected by the Water and 
Gas Bills, either through their local authorities or 
private companies, are Batley, Bournemouth, Bangor 
ears Board and omg oe Brading Harbour 

istrict, Bedlingtonshire, Cardiff, Cockermouth and 
Wokingham, Castleford and Whitford, Clitheroe, 
Cleveland, Dore, Durham, Doncaster, Deal, Dart- 
moor and Exeter, East Grinstead, Exeter, Farn- 
worth and Kearsley, Hartlepool, Hemel Hempstead, 
Henley-upon-Thames, Lea Bridge District, Lewes, 
Lichfield, Macclesfield, Marsk, Mid Cheshire, Nor- 
manton, Nottingham (2), Ratcliff and Pilkington, 
Sutton-in-Ashfield, South Staffordshire, Sevenoaks, 
South Hants, Scarborough (2), Shrewsbury, Stoke- 


upon-Trent, Stone, Tredegar (2), Truro, Trow-4 


bridge, Torquay, Whitehaven, Warrington, Weston- 
super-Mare, and York. 

In addition to the towns seeking to better their 
condition as regards gas and water matters there 
are to be nineteen Bills for general improvements 
in municipal and parochial arrangements. Amongst 
these is Liverpool, whose Corporation seeks power to 
make a new street in continuation of Chadwick- 
street and Ray-street, and to stop up existing 
thoroughfares on the site thereof, and other street 
improvements, to purchase land compulsory, with 
borrowing powers, and to levy rates for defraying 
the improvements. Bradford also, perhaps in com 
pliment to its able member, proposes to tidy itself 
up with general powers for improving its internal 
condition, Fulham, too, having at last got some- 
thing in the shape of a railway with continual threats 
of something better in that way, has given notice for 
an improvement Bill, and we fancy that those who 
know anything about this parish, or are occasion: lly 
doomed to visit it, will fervently pray that the 
improvement may be general. Our limited ex- 
perience of the district enabled us to picture 
what Alsatia or St. Giles’s may have been in their 
palmy days, much better than anything we have 
ever read about those places. other towns 





promoting improvement Bills are Borrowstoun- 
ness, town and harbour, Burton - upon - Trent, 
Breconfas, Castleford, East Retford, Dalton-in-Fur- 
ness, Grantham, Huddlesfield, Jarrow, Littleport 
and Downham, Leicester, Maryport, Newbury. 
Stockton-on-Tees (as to quays and markets), an 
Westhoughton. 

We now reach the heterogeneous mass referred to 
at the commencement as Miscellaneous Bills, Dealing 
with them in priority of importance the City of Lon- 
don will of course come first, and we —_ perhaps be 
permitted to step aside for a moment here to con- 
gratulate the Corporation upon the twelve months’ 
respite which has this year been afforded them, there 
being no municipal corporation innovations threatened 
to curb their pride and ambition, or otherwise disturb 
their repose. We shall have yet another lord mayor 
to give semi-regal banquets and balls, to be the ex- 
ponent of English munificence all over the world— 
to talk and be talked at, and in conjunction with his 
brother aldermen to receive white kid gloves when 
the pickpockets elude the police, and the City magis- 
trate gets a holiday. To old-fashioned conserva- 
tive people the City Corporation is doubtless a sacred 
institution, whose glories are probably at present 
heightened by the continued absence of State cere- 
monies in other quarters, but we live in an age 
where progression is all in a downward course, 
and that anomaly of modern times, the working 
man, is slowly but surely ascending the social 
ladder to its summit, and so we suppose the de- 
molition of all traditional grandeur is merely a 
question of time, and the Lord Mayor’s Show will 
be considered quite as absurd as the test of his 
education by counting hobnails. Having thus 
respectfully tendered our compliments to the civic 
dignitaries in passing we now proceed with our 
theme. 

The Corporation of London have given notice of 
a ‘* various powers” Bill to confer further powers on 
them in relation to Epping Forest, and purchasing 
the rights of small manors therein, to appropriate 
the land for recreation purposes, and to obtain rights 
as to timber; to acquire by gift or agreement any 
common lands within twenty-five miles of the City 
boundary ; to convert St. Paul’s Churchyard into 
an open garden; to confer further powers as to 

roperty to be acquired under the Metropolitan 

pen Spaces Act, 1877; to apply the grain duties 
and other moneys to the purposes of the Act, and to 
borrow further moneys. ey have also another 
Bill to continue the coal and wine duties and appro- 
priate them to public improvements within the 
metropolis. A Bill is to be introduced to confirm 
the scheme of the Epping Forest Commissioners for 
disforesting that part of Waltham Forest known as 
Epping Forest. e now turn to that energetic but 
somewhat spasmodic body, the Metropolitan Board 
of Works, who threaten Parliament with four 
applications. They begin with a comprehensive 
scheme under the familiar title of the Metropolis 
Water Supply, enabling them to construct wells and 

umping stations at Denham in Bucks, Hayes in 

iddlesex, Epsom in Surrey, Keston and Eynsford 
in Kent, and Grays : Thurrock in Essex ; to establish 
reservoirs at Great Stanmore, Middlesex, Banstead, 
Surrey, and Chelsfield, Kent; to manufacture 
pipes, tanks, &c., and to sell or letthe same. (Listen 
to this ye manufacturers and traders). The Board 
are to supply all existing dwelling-houses through- 
out the metropolis with cisterns, connecting pipes, 
and other apparatus free of charge, and the repair 
and maintenance of them are to be at the occupier’s 
expense, but dwelling-houses hereafter to be con- 
structed are to be supplied at the cost of the owner. 
Provisions are to be inserted ——s persons 
supplied to take the water from the Board’s autho- 
rised deputy.in their district, to levy a general rate 
throughout the metropotis, as well as special rates 
for supply ; to create further stock and to make 
contracts with the City and vestries for sanitary 
purposes. The Metropolitan Board has made so 
many attempts of this kind that one never knows 
whether the repetition is for the purpose of pro- 
ceeding with the scheme, or merely to familiarise 
the public with the idea while they are perfecting 
the details for carrying it out; but supposing the 
former course to be contemplated, further particulars 
can be obtained by reading an interesting leader 
upon this Bill which appeared in the Daily News of 


the 7th inst. 


By another Bill, called the ‘ Metropolis Water 
Works Purchase,” the Boarddemand the compulsory 
sale and vesting of the undertaking of the existing 
companies in themselves. ; 





The third Bill is called the ‘“‘ Metropolis Manage- 
ment and Building Act Amendment,” which is pro- 
bably a revival of that which failed two ons 


Having raised a pretty commotion in London, the 
Board by its fourth Bill takes a stroll into the 
suburbs, and pro to purchase Plumstead Com- 


mon and Shoulder of Mutton Green, in Plumstead 
parish, containing together 116 acres, and to pre- 
serve and appropriate them for purposes of public 
recreation and exercise. 

Our paternal Government next attracts notice by 
their Post Office Telegraph Bills, which is for hetter 
lope telegraphs and affording greater facilities 

or constructing, working, andrepairing them. ‘This 
probably really means obtaining in one Act the 
clauses which were tendered last Fe in all railway 
and a great many other Bills, and which were dis- 
puted, were in some cases rejected by Parliament, 
and is mens ovo a matter to be looked into on 
both sides of the question. 

We now turn to the vexed question of the public 
offices and the site on which the remainder of them 
are to be erected. It is now proposed to enable 
the Woods and Forests to appropriate an area 
bounded on the north by Charles-street and that 

rtion of Parliament-street formerly called Upper 
Giintee-tieaet, on the south by Great George-street, 
on the east by Parliament-street, and on the west 
by St. James’s Park, as the site most appropriate 
for this purpose. 

Bow-street Police Court is to be enlarged and 
otherwise improved, for which purposes compulsory 
power is sought over certain hereditaments adjacent 
thereto and for stopping up thoroughfares where 
necessary, in carrying out the works. 

The parties entrusted with the improvement of 
Serle-street and Cook’s-court are applying for an 
increase of their borrowing powers, and the con- 
firmation of agreements with the Royal Insurance 
Company. 

Bermondsey Vestry will ask Parliament for 
power to alter the existing arrangements in that 

arish as to the vicar and churchwardens of St, 
ames’s district, and for the abolition of the Easter 
offerings to the rector of St. gf Magdalen. 

The parish of Christchurch, Newgate-street, ask 
for a ‘Tithe Commutation Bill, by which all 
rectorial tithes and sums of money in lieu thereof 
shall be extinguished, and the governors of St. 
Bartholomew’s Hospital shall, instead, be entitled 
to receive such fixed sums as shall be provided for 
in the Act, 

A Bill is to be introduced by the parishes of St. 
Giles’s Without, Cripplegate, St. Luke’s, and St. 
Bartholomew, Moorfields, to deal with the joint 
charities held by them under the Act of 6 
George II. 

The Corporation of Birmingham proposes to ac- 
quire the site of all closed burial grounds within the 
limits of its jurisdiction and apply them as open 
spaces for recreation p . 

That favourite middle-class watering - place, 
Ramsgate, is to be the subject of some novel Private 
Bill legislation. It seems to have overgrown its 
natural limits, and now seeks separation from its 
old connexions, The Bill is to sever Ramsgate 
from the port of Sandwich, and extinguish all 
— and jurisdiction of the Lord Warden and 
other Cinque Port authorities over the dissevered 
portion. ‘lhe separated district is then to be placed 
under commissioners to whom the harbour is to be 
transferred, and who are to exercise functions now 
vested in the Board of Trade, and in short to carry 
out a general improvement scheme in relation to the 
town and harbour, Whilst we are in the neigh- 
bourhood we will mention that the Pegwell Bay 
Reclamation Company are applying for an extension 
of time both as to land and works. Magdalen 
Hospital is coming to Parliament to disentangle its 
difficulties as to granting and exchanging leases of 
land. The notice for the Billis so worded as to imply 
that penitent prostitutes are the governing body of 
the hospital ; this may be true enough in fact, but it 
seems hardly desirous to put it into print. St. John’s 
Hospital, Exeter, also requires legislative sanction 
to enable it to pull down a chapel, and alter its 
present scheme of management. 

The Mersey Docks and Harbour Board seek 
authority to construct overhead or high-level rail- 
ways from their tramways at Kirkdale to their 
tramways in Toxteth Park and Liverpool, Neath 
Harbour Commissioners require further borrowing 
powers, and powers as to ements with the Cor- 
poration of Neath; the Tees Conservancy Board 
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want to modify their existing Acts, and apply their 
funds to the construction of wharves and approaches 
at Coatham; to make arrangements with the 
Trinity House and toll regulations as to shipping, 
and generally with her northern frugality to squeeze 
as much into one Bill as it can possibly hold, and 
save the expense of future applications. White- 
haven ‘Town and Harbour Trustees are applying 
for en amendment of their present and for further 
powers in relation to their future functions. The 
Stenford Navigation Company desire to abandon 
their undertaking, and sell or transfer it, either by 
public auction or private contract, to other parties. 
The Llanelly Harbour and Bury Navigation Com- 
missioners ask leave to alter their constitution and 
powers. Bradford Canal Company wish to sell their 
undertaking to the Leedsand Liverpool Canal Com- 
pany. The Birkenhead Improvement Commissioners 
desire to transfer their property and powers to the 
Corporation of Birkenhead, and to be dissolved. 
The Regent’s Canal Purchase Bill is for in- 
corporating a company to purchase that undertaking. 
A Bill is to be applied for under the lengthy title of 
the ** Level of Tendring Drainage and Embanking 
and Frinton Railway and Improvement,” for the 
purpose of constructing drainage works in the 
arishes of Frinton, Great Holland, and Little 
Tolland, in the county of Essex. The South 
Staffordshire Mines Drainage Bill is to explain, 
amend, and extend the powers of the present Act in 
several particulars. 

We next note the Brighton Aquarium Company, 
who are applying for additional capital to render 
that deservedly popular place of entertainment and 
instruction more attractive. 

The Legal and General Life Assurance Society 
find it difficult either to sue or be sued, which 
seems odd considering their connexion with the 
gentlemen of the black robe, and so they are apply- 
ing for relief in those respects, and also for vesting 
property in trustees and amending their deed of 
settlement. 

The Scottish Union and Scottish National In- 
surance Companies desire an amalgamation, and an 
incorporation of the United Company with arrange- 
ments incident thereto. Even in the far North the 
maxim still holds good that two heads are better 
than one. 

The Pacific Steam Navigation Company are 
applying for a Bill to reduce their capital and 
arrange other monetary matters, and lastly Mr. 
Lewis Augustus Aspinwall, of Albany, New York, 
wants to make assurance doubly sure with respect 
to his patent for the invention of ‘‘a new or im- 
proved implement for planting potatoes,” by getting 
into the adamantine confines of an Act of Parlia- 
ment, and has advertised his application in the Lon- 
don, Edinburgh, and Dublin Gazettes. 

The applications to the Board of Trade and Local 
Government Board, although pees numerous 
this year, contain no matter of interest in which we 
need comment. 

Unless something has inadvertently been over- 
looked, we have now made mention in some way of 
every private Bill which is proposed to be intro- 
duced into Parliament next session. Taking a 
general view of the whole, the programme does not 
strike us as containing a great deal of fighting 
matter, although it is impossible to guess what may 
crop up under the head of vested interests. The 
Great Eastern Northern Junction is probably the 
most contestable Bill in the railway list, unless, in 
accordance with the present fashion, arrangements 
are made between the parties outside the committee 
room. In other respects we should say the session 
will probably be as quiet as its two predecessors in 
regard to private business, 








THE MONCRIEFF HYDRO-PNEUMATIC 
GUN-CARRIAGK. 

Yesterpay week some intersting trials took 
lace in the grounds attached to \the works of 
 Potag Eastons and Anderson, at Erith, with a 
Moncrieff gun-carriage of new pattern, and which 
has just been constructed by the above firm. On 
the carriage was mounted a 64-pounder service gun 
firing 12 lb. of powder and a 64 Ib, shell brought up to 
weight with sand, This gun and its ammunition 
were supplied by the Government. A large number 
of artillery officers and other, gentlemen interested 
in the question of artillery were present. Amongst 
those present were General McMurdo, General 
Roileau, R.E., Sir John Stokes, R.E., Colonel Mon- 
cvieff, of the Scots Fusilier Guards, Colonel Nassau 








Lees, Major Duncan, R.A., and Mr. Douglas Galton. 
Colonel Moncrieff, F.R.S., the inventor of the 


system of mounting guns bearing his name, was/ (i) 


likewise present, as were also the manufacturers, 
Messrs. Eastone and Anderson. 

We need hardly observe that the principle of 
Colonel Moncrieff’s invention consists in so mount- 
ing guns that they can be retired close in behind the 
works by the action of the recoil, directly after a 
shot has been fired. The recoil is in fact absorbed 
and utilised by the mechanism of the carriage, and 
the artillerymen are well protected behind the para- 
pet over which the gun is fired. In ordinary types 
Colonel Moncrieff mounts light guns on a carriage 
having rocking levers and counterweights, The re- 
coil of the gun after firing brings it down to a safe 
position for loading, the counterweight being thus 
raised, On releasing the counterweight after the gun 
has been loaded, the latter is raised to the firing 
position, With siege guns, however, the counter- 
weights would have to be so heavy that they would 
materially interfere with the transport of the gun. 
To meet this point, therefore, Colonel Moncrieff has 
availed himself of the advantages offered by hy- 
draulic power and the compressibility of air, and by 
these aids has produced the hydro-pneumatic siege 
gun-carriage under notice. 

The carriage is an experimental one and has been 
ordered by the War Department upon the recom- 
mendation of the Committee on Siege Gun-Car- 
riages, of which Sir John Stokes is President. The 
necessity for such a carriage was first intimated in 
a report of the Committee on high-angle firing and 
was afterwards more or less insisted upon in the 
report of the Siege Gun-Carriage Committee after 
the Eastbourne experiments. The hydro-pneumatic 
carriage, like that with the counterbalance weight, 
is constructed with levers. It further has a cylinder 
in which a ram works and which is connected with a 
chamber containing compressed air in the upper, and 
water in the lower part. When the gun has been 
fired the ram is driven into the cylinder by the 
recoil and the water is forced into the air chamber. 
By this means the air, which was previously under 
pressure, is now further compressed, the water being 
held in check on the completion of the recoil by a 
valve which is self-acting. To elevate the gun for 
firing after loading, the gunner simply turns a cock 
which causes the water to flow into the cylinder. 
The compressed air thus acting on the ram elevates 
the gun into position for firing. Four rounds were 
fired from the gun with this carriage and the results 
were thoroughly successful, the mechanism working 
most perfectly. The gun came steadily and 
smoothly down after oath shot and was raised as 
steadily and smoothly after loading. The carriage 
is suitable for siege purposes and in trenches, into 
which, with its gun mounted, it can be wheeled to 
its implacement ready for action when the ground is 
sufficiently good. It is well adapted for the reserve 
artillery of a fortress or for supplementing artillery 
for coast defence, The recoil being absorbed the 
carri remains stationary during operations, 
and the usual heavy ground platform rendered 
necessary by the recoil in ordinary construction is 
dispensed with. This platform and its materials is 
one of the most cumbrous things that have to be 
dealt with in a siege train ‘The vital parts of the 
mechanism are placed underneath the gun, by which 
they are hecanie rotected. We may add that 
Colonel Moncrieff has designed an alternative car- 
riage, which is our ordinary service carriage capable 
of being used for firing through an embrasure in 
the usual way, but to which the Moncrieff system is 
added, One of these carriages has also been or- 
dered by the Government to be made. 





THE INSTITUTION OF CIVIL 
ENGINEERS. 

Tue following is an abstract of the Annual Report 
of the Council of the Institution of Civil Engineers, 
read on ‘Tuesday evening last, to an unusually 
crowded meeting : 

The annual general meeting ‘‘ to receive and deliberate 
upon the report of the Council on the state of the Institute, 
and to elect the officers for the ensuing year,” was held on 
Tuesday, the 18th of December, Mr. George Robert 
Stephenson, the President, in the chair. 

In the re of the Council it was remarked that the 
history of the Institution afforded abundant evidence of the 
benefits derived from the association, in one body, of men 

ing different branches of enginecring, or connected 
with engineering operations and pursuits. eferring to the 
Constitution of the Society, the circumstances were briefly 
recapitulated which had to the made at the 
last annual meeting, to establish a new class intermediate 





between that of members and that of associates. That 
recommendation was ado i 


new ¢ 

held on the h of April, when, after considerable dis. 
cussion, the following resolution was : “That in 
the opinion of this meeting it is not desirable at present to 
create any new class of member; but it is desirable that 
those associates who are qualified to be members should 
take the requisite steps for their transfer.’’ The Council 
had, therefore, continued to act under the existing bye- 
laws ; and had, since that meeting, had the satisfaction 
to transfer 58 associates to the class of members. 

The Council were, however, of opinion that the main 
question—the separation of the professional from the non- 
professional associates —was thus left in a most unsatisfac- 
tory condition. They therefore suggested that in future 
the Institution should consist of four classes, viz., senior 
members or fellows, members (both classes of members to 
enjoy equal corporate rights), associates, and honorary 
members, with a class of students attached. 

During the twelve months ending in May last two hono- 
rary members, 46 members, and 169 associates had been 
elected, while 40 associates had been transferred to the 
class of members. The losses from death and other causes 
among the members had been 25, and among the associates 
41, so that there had been an effective increase of 61 
members and 88 associates. In the student class (which 
had only been established ten years) 126 candidates had 
been admitted ; on the other hand, 35 had become associates, 
and 27 withdrew, leaving an effective increase of 64. The 
numbers of the several classes on the 30th of November, 
1877, were: Honorary members, 16; members, 325 
associates, 1670; and students, 448; together 3059; as 
against 2844 at the same date last year, showing an increase 
at the rate of about 74 per cent. 

There had been 23 ordinary Se oes the past 
session, when 12 papers were read and di . Changes 
had of late been gradually introduced in the method of 
conducting the discussions, by which the original communi- 
cations were opened to be more minutely and widely 
criticised, and it was also possible to include in the 
‘** Minutes of Proceedings’? much useful information that 
might not otherwise be obtained. _ circulating in advance 
a very limited number of copies of the papers to be read, to 
persons supposed to be specially acquainted with the 
subjects, observations had been furnished in writing from 
members and others, unable, by distance, to be present at 
the meetings. In the past year, one quarter of the printed 
a of the aa remedings IL - derived. 5 Sr 
second section of the ings 11 other papers een 
printed, which were deemed worthy of record, but not so 
suitable as the others for ing and di ion. The third 
section of the publications represented as fully and accurately 
as practicable the foreign engineering literature of the day. 
It contained the ‘‘ Abstracts of Papers in Foreign Transac- 
tions and Periodicals,”’ of which 251, ooonpying 466 pages, 
had been included in the four volumes of ‘‘ Minutes of Pro- 
eeedings”’ issued at intervals of about three months caring 
the year. Now that the fiftieth volume had been comple 
it was intended to prepare for publication a general index, 
but necessarily abridged, of the contents of the whole 
series. 

There had also been eleven supplemental meetings for 
students, the average attendance at which had been better 
than during the peovaes ear. As there had been mis- 
apprehension on the subject, the Council announced that 
pa could not be eep iced in competition for the Miller 
Scholarship and Miller Prizes, from stud who, befere 
the end of the current session, when the prizes were ad- 
judged, should exceed the limit of age (26 years) when 
they could remain students. 

he income proper for the year had amounted to 
99032. 58. 3d., the life eae and admission fees and 
building fund (all regarded as capital), to 21131. 13s., and 
the dividends on trust funds to 462/. 16s. 6d. The general 
expenditure had reached 10,2781. 2s. (of which a sum of 
51781. 12s. was incurred for ‘‘ Minutes of Proceedings’’), 
and the payments on account of trusts were 4867. 8s. 5d. 
The disbursements were thus 3741. 16s. 9d. in excess of the 
income. In regard to the large outlay for ‘‘ Minutes of 
P ings,’’ it was explained that the printers and litho- 
graphers had been paid for five volumes in the year, viz., | 
two for the session 1875-76 and three for the session 
1876-77. In the ensuing year it was hoped that the re- 
maining volume for 1876-77, and the four volumes for 
1877-78, might be paid for, and that in future the cost of 
the publicatious of each session would be defrayed out of 
the receipts of the year. The balances due at the end of 
1876 to the Telford and the Miller Trust Funds, in respect 
of unexpended dividends, viz., 201. 9s 6d. and 109/. 9s. 1d. 
invested, and 15961. 3s. 8d. on the 


respectively, had m inv 
general account. The funded sap ners (including the cash 
balance) ing to or under the control of the Institution, 


was last year 37,1421. 16s. 4d. ; it was now 38,7731. 4s. 11d. 
of which 14,4561. 4s. 6d. represented various trusts, an 
the balance, 24,3171. 0s. 5d., was the absolute property of 
the corporation. 

A motion for the adoption of the report led to a long 
discussion, but was ultimately carried, in conjunction with 
another resolution, directing the incoming Council to pre- 
pare, for the consideration of @ special general meeting of 
members and associates, such alterations in the bye-laws, 
ap She segeorton contained in _) report with pepe to 
awarded at the close of last seesion were then presented by 
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the President, to whom the thanks of the meeting were 
unanimously voted, the services of the vice-presidents and 
Council, the auditors, and the secretaries being similarly 
acknowledged. } 

The report of the scrutineers (to whom a vote of thanks 
was passed by acclamation) declared that the following 
gentlemen had been duly elected to fill the several offices in 
the Council for the ensuing year: Mr. John Frederic 
Bateman, F.R.S., President; Mr. J. Abernethy, Sir W. 
G. Armstrong, C.B., F.R.S., Mr. W. H. Barlow, F.R.S., 
and Mr. J. Brunlees, Vice-Presidents; Mr. W. Baker, 
Sir J. W. Bazalgette, C.B., Mr. F. J. Bramwell, F.R.S., 
Mr. G. B. Bruce, Sir John Coode, Mr. W- Froude, M.A., 
F.R.S., Mr. G. F. Lyster, Mr. W. Pole, F.R.S., Mr. C. 
W. Siemens, F.R.S., Mr. D. Stevenson, F.R.S.E., Sir 
Jos. Whitworth, Bart., F.R.S., and Mr: E. Woods, 
members; and Colonel H. Hyde, R.E., Mr. J. P. Knight, 
and M. General Scott, C.B., R.E., F.R.S., associates. 


We shall comment upon the report in our next 
issue. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Discharge of Ironworkers at Sheffield.—The whole of the 
mddlers and other classes of ironworkers employed by 
Tohn Brown and Co. (Limited), and Charles Cammell and 
Co. (Limited), Sheffield, have been served with fourteen 
days’ notices to leave their employments, the probable in- 
tention being to effect a reduction of wages. 


Proposed Tramways near Rotherham.—It is proposed 
to apply for Parliamentary powers to lay downa line of 
tramways between Rotherham and the neighbouring large 
village of Parkgate. A deputation from the promoters has 
waited upon the Highway Committee of the Rotherham 
Town Council on the subject, and has given certain required 
explanations as to the widening of the. bridges over the 
road, and other matters. The council has not yet decided 
whether or not to offer opposition to the measure. 


The Water Supply of Pateley Bridge.—At a meeting of 
the ratepayers of Pateley Bridge held last week it was 
unanimously resolved that in recognition of the action to be 
taken by the rural sanitary authority for providing a pure 
and sufficient suppiy of water for domestic purposes for the 
town, such sanitary authority be requested to take the 
necessary steps for constituting the town and neighbour- 
hood a separate contributory place, in which specified area 
there shall be a uniform rate in the pound paid for domestic 
consumption and a fixed charge per 1000 gallons agreed 
upon for business premises and purposes. 


The Swinton and Knottingley Railway.—This line of 
railway, the joint property of the Midland and North- 
Eastern companies, which is about fourteen miles in direct 
length, is being rapidly pushed forward. Most of the 86 
bridges are now nearly finished, and the whole of the sta- 
tions are in a forward state, that at Pontefract being about 
finished off. The junctions with the Lancashire and York- 
shire line, near Pontefract, and with the North-Eastern 
system, at Ferrybridge, are nigh completion. 


Eyam Lead Mining Progress.—At the half-yearly meet- 
ing of the shareholders of the Eyam Lead Mining Com- 
pany, held in Sheffield last week, the chairman said a 
number of men were at work in the opening up of the 
Lady Wash shaft, which was being well done. In the 
Glebe Mine work had been greatly hindered by water, 
which prevented a —_ quantity of ore from being brought 
up. They had now, however, completed a tunnel between 
= two workings, which would relieve them of much of 

e water. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’Change at Middlesbrough, but 
there was no material alteration in the condition of busi- 
ness. The ironmasters were firm in the prices they fixed a 
few weeks ago, and some merchants quoted a shade below 
them. It was generally believed that the aspect of affairs 
in the East, and the political position of France, were 
favourable to peace,.and a return of prosperity in trade. 
Next Tuesday being Christmas Day, the Middlesbrough 
market will be held on Thursday. 


The Finished Iron Trade.—Except that there is rather 
a better inquiry for plates there is no c in the state of 
the finished iron e. Several of the works will be closed 
entirely over the Christmas holidays. 


The Proposal to Blow Out Blast Furnaces in Cleve- 
land.—Yesterday before Change at Middlesbrough the 
ironmasters held a meeting at the offices of the association 
for the purpose of discussing the prospects of the trade, and 
the advisability of blowing out some of the blast furnaces. 
Since the meeting of the ironmasters held on the 11th inst., 
statistics have m specially obtained from the various 
works for the guidance of the ironmasters. These show 
that the total quantity of iron sold is by no means large ; 
that the quantity over which merchants have control is very 
limited ; and that makers, therefore, are fully justified in 
holding their hands in connexion with the blowing out of 
furnaces. The necessity of this step does not really seem ap- 
parent, in the face of the favourable condition here alluded 
to. Nevertheless arrangements are being made to put out 
several furnaces forthwith. The make of Cleveland pig 
will also be further diminished, owing to the fact of various 

making more than usual of Bessemer iron. iron- 
masters still adhere to their quotations as agreed to a few 
weeks ago, viz., 4ls. per ton oe one per cent. for No. 3, 
and other qualities at —_ rates. They are 
sanguine that they will not have long to wait for an im- 











provement on these . The immediate effect of the 
prices of pig being ced by makers ‘was an increase 
of stocks at the end of November ; and the fact of some 
furnaces being turned on to the making of other classes of 
iron and other furnaces blown out, will, it is anticipated, do 
much to equalise production and consumption. 

The Wages Question Again.—We are informed officiall 
that the employers in the North of England manufacture 
iron trade, have given notice to the operatives for a termi- 
nation of the ‘existing ment; such notice in 
accordance with the award of Mr. David Dale, of Darlington, 
expiring on the 30th of March next. 


The Middlesbrough Galvanising Company. — The 
Middlesbrough Galvanising Company are putting down 
plant for the purpose of Gaaldte and corrugating roof- 
ing sheets. This is a new industry in Cleveland, and is 
likely to prove successful. 

Shipbuilding and Engineering.—These branches of in- 
dustry are fairly well occupied on the Northern rivers. 

The Coal and Coke Trades.—The coal and coke trades 
are in an unsettled state, owing to the stoppage of work at 
the Northumberland pits in consequence of the proposed 
redaction of wages. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—There was a s market 
last Thursday forenoon, and a moderate amount of business 
was done in warrants at 52s. 14d. cash, also at 52s. 3d. 
one month, closing with buyers at both prices, sellers ask- 
ing 52s. 2d. and 52s. 3d. one month. The afternoon 
market was without any change from the forenoon’s closing 
prices. The warrant market opened quiet on Friday at the 
ee day’s prices, but towards the close holders were 

mer, and prices were slightly improved, although buyers 
still held back to some extent: Business was done in the 
morning at 52s. 1}d. cash, and 52s. 3d. one month, and the 
market closed rather buyers at those prices. In after- 
noon 52s. 3d. seventeen days and 52s. 34d. one month were 
paid, and the closing quotations were—sellers, 52s ; 
cash, and 52s. 4d. one month, buyers near, the week closing 
with prices about 1d. lower than at the close on the previous 
Friday. Monday’s market opened at last week’s closing 
prices, which were not maintained, and the closing prices 
were 1d. down. In the morning business was firm at 523. 14d. 
cash and 52s. 3}d. one month, at which sellers closed; in 
the afternoon, however, quotations went down to 52s. 1d. 
and 52s. 0}d. cash and 52s. 2d. fourteen days, and the mar- 
ket closed with buyers offering 52s. cash and 52s. 2d. one 


month, ers being very near. The warrant market was 
in flat yesterday, buSiness being affected by rumours 
of politi complications. Prices receded 1}d. further 


going down below the 52s. which was recently considered 
to be a point not to be broken. In the morning business 
was done at 52s. cash and 52s. lsd. one month, and the 
market closed with sellers at those prices. During the 
afternoon 52s. fourteen days and 51s. 11d. cash were 
accepted, the market closing with sellers at those prices 
and buyers near. The market was —_ this forenoon 
when business was done in warrants at 51s. 11d. and 
51s. 113d. cash, also at 52s. and 52s. 1}d. one monta, closing 
with sellers at 51s. 114d. prompt, and 52s. 2d. one month, 
buyers offering 51s. 11d. cash and 52s. 13d. one month, The 
afternoon market was quiet at the forenoon closing prices. 
There has not been much fluctuation in prices since last 
report, but the general tone of the market continues to be 
aul! and languid, and the demand for all kinds of iron is 
very limited. Makers’ prices remain unaltered with the 
exception of the slight change announced last week in Colt- 
ness No. 3. The shipments are disappointingly small, and of 
the surplus production a little still continues to be sent into 
the public warrant stores. Up till last Friday night there 
— a a of pig iron in ~ 9 a ne esate 

eeping, the stock being increased during wee e 
extent of 675 tons. The two furnaces that were in blast 
at Kinneil Iron Works, Bo’ness, were blown out last Satur- 
day, and hence there are now only 86 furnaces in operation 
throughout Scotland, as against 116 at the same time last 
year. Last week’s shipnients amounted to 7122 tons, as 
compared with 8477 tons in the corresponding week of inst 
year. 

Manufactured Iron Trade.—The trade in finished iron 
continues to be as depressed as ever, and is without the 
least indication of improvement. Some manufacturers 
refuse now to break prices further, preferring to remain 
idle. I have just been informed on the best authority that 
the Glasgow Iron Company have a stock of fully 30,000 
tons of puddled iron, but they are still disposed to do their 
best to Lesp their puddlers, shinglers, en, &c., em- 
ployed as well as they can. 

Recent Derrick Crane Regulations.—In consequence of 
the publication of the ci on crane accidents, to which 
I drew attention in my ‘‘ Notes’’ last week, a considerable 
amount of anxiety has arisen am: it those ms most 
interested, namely, the makers and users of the cranes, 
and a good deal of discussion has since taken place in the 
local papers. One maker, Mr. William Forrest, a well- 
known bl ow engineer, refers to his experience of at 
least twenty years, and indicates that the Procurator- 
Fiscal does not ask too much in urging the propriety of 
using additional mechanical arrangements by way of pro- 
viding against crane accidents in future. I find that Mr. 
Forrest is not peculiar in the opinions which he gives ex- 
pression to. 

Robertson and Henderson’s Steam Tram-Car.—The 
self-contained steam tram-car to which I formerly referred, 
the invention of two young @ w engineers, was taken 
down to ock last , and a very successful ran 
on the Greenock and Gourock Tramway. Since then it 





has been taken vid the Forth and le Canal, to Leith, 
where it was again i - It has 
been constructed way Com; . 
h hich there is setae wicae allie 

» on W ere a y 8 incline. 
In the woe the company have no powers for running 
cars by mechanical power, but they are not indisposed to 
test the extent of the power possessed by the local authority 
in reference to such a matter. 


in successf 
for the mat h 


and is to be used by them on. their li 
and Edin 


Mechanical Power on the Glasgow and Ibrow Tramways. 
—The application made to the Board of Trade by the Glas- 
zow and Ibrox Tramway Company for a isional order 


to sanction the use of mechanical power has received the 
consent of the road trustees and the local authorities of 
Govan and Kinning Park, on the understanding that the 
Scott-Moncrieff pneumatic system is to be adopted to the 
exclusion of steam. 


Institution of Engineers and Shipbuilders in Scotland. 
—The usual monthly meeting of this institution was held 
last night, Mr. R. Bruce Bell, C.E., ident, in chair. 
His Grace the Duke of Sutherland was elected an honorary 
member of the institution, and a number of other members 
were also elected. A further discussion took place on 
Cunningham’s ‘‘ Positive System of Ventilation,” the 
aay Sg Cree being Professor James Thomson, C.E., 
and Mr. Hector MacColl, C.E. Mr. Ralph Moore, Her 
Majesty’s Inspector of Mines, subsequently read a paper on 
‘*Tubbing,” as recently practised in the Hamilton district. 





Aoreasces pnaenseat--s veo > Cotte Com- - 
y formed for the purpose ing a telegraph cable 

| ser California to Japan, vid Mensighe, has been : d 
in San Francisco. Its capital stock is 10,000,000 dols. 


Fuxrt at Oprssa.—Fuel has become so dear at Odessa 
that the waterworks company at Odessa has been obliged 
to stop its engines. This example has been followed by 
the gas company and several other factories. 


Messrs. NALDER AND NaLDER’s THRASHING Ma- 
CHINES.—lIn our notice of the thrashing machines exhibited 
by these makers at the Smithfield Show, we stated inad- 
vertently, that the s of the drum had been largely 
in . It is the barley awner which is driven at a 
higher velocity. 


PiTTsBURGH.—Pittsburgh claims pre-eminence as the 
centre of the iron manufacturing interest of the United 
States. In that city and its immediate vicinity there are 
33 iron rolling mills with an annual productive capacity of 
450,000 tons, which is equal to one-ninth of the pe 
productive pone d of the United States. There are em- 
ployed at the Pittsburgh works, when they are in full opera- 
tion, 10,148 hands, whose wages average 6,560,000 dols. 
annually. The total value of the annual production is 
estimated at 20,000,000 dols. 


_ Locomorives For Inp1a.—In consequence of the expan- 
sion of traffic on the Great Indian Peninsula Railway, 83 
additional locomotives have been ordered. Some of these 
engines have reached Bombay, and they are now at work 
on the line with sati ry somelies In the half- 
year ending June 30, 1877, the Great Indian Peninsula 
Company expended 55031. for additional rolling stock and 
pasor ey | At the close of June, 1877, the company 
owned locomotives. 


GENERAL TODLEBEN. —This egne g | Russian officer 
had by no means withdrawn from public life when he was 
lately recalled to the front. ing during the winter 
months at St. anny where a suite of apartments 
were allotted to him in the “‘ Palais Paul,” whilst the 
greater part of that palace was turned into offices for the 
scientific branch of the army, over which he presides, the 
general has, from these head-quarters, directed works of 
fortification throughout the Russian empire, the two points 
upon which he has bestowed more especial or personal 
supervision being the defences of Cronstadt in the north, 
and of Kertch in the south, work which has been unremit- 
tingly prosecuted for many years. 




















THE TELEPHONE. —Experiments are being carried on in 
ia by order of the German military authorities to 
determine how far it may be practicable to employ the 
telephone for military purposes. One of the new instru- 
ments has been arranged by the railway regiment on the 
exe ground near Berlin ; but, at present, the results 
obtained have not been ali i . With the 
stations only a few thousand paces a) it has been found 
extremely difficult—and at times when the conditions are 
unfavourable altogether impossible—to carry on a conver- 
sation. It is expected, however, that when some 
improvements in the apparatus have been carried out, the 
telephone will work ina much more satisfactery manner, 
and will become of great value for many military purposes. 





New ARGENTINE Rarttway Prosect.—A proposal for 
a new railway of some importance has been just submitted to 
the Argentine Congress. The hh of the line which is 
proposed to be carried out upon narrow gauge will be 
about 400 miles. It is to commence at Bahia Blanca, and 
it is to follow the Rio Colorado as far as the Andes. The 
cost of construction is estimated at 2,000,0001. The line 
will be to some extent of a strategic character; it will 
sevcatine iepetiis agplact thsteeumenn of Indien tease 
Argentine ublic agai incursions ibes ; 
and further, it will secure the utilisation of about 100,000 
square miles of country situated to the south of Buenos 
Ayres, Cordoba, San Luis, and Mendoza. It will also 
pena ent to the opening out of rich copper mines at 

ayen. ; 
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THRASHING AND FINISHING MACHINE. 
CONSTRUCTED BY MESSRS. GARRETT AND SONS, ENGINEERS, LEISTON. 
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In our notice of the exhibits at the Smithfield Show 
last week, we alluded to the thrashing machine shown 
by Messrs. Garrett and Sons, of the Leiston Works, 
Suffolk, and of which we now annex diagrams. From 
these diagrams it will be seen that the fan is keyed on 
the drum spindle, and that by means of it two double 
blasts are obtained each equal in operation to the effect 
of an ordinary dressing machine. By aid of this high- 
speed fan a great amount of blowing power is secured 
which is easily regulated by means of the valves in the 
canals, which are actuated by screwed levers of which 
the extremities are in each case adjacent to the chaff 
delivery spouts. If it be, found that the effect of the 
blast is insufficient or excessive it can be therefore 
instantly and easily adjusted by means of the handwheel, 
without the attendant leaving the chaff spout. 

The cast-iron fan case acts as a rigid connexion and 
stay to the trussed frame of the machine, to the four 
principal components of which it is attached, and at the 
same time as a rigid bracket for one of the two plummer 
blocks which carry the drum and the solitary fan of the 
“finishing machine.” Both these bearings are, under the 
new arrangement, external and accessible. Another 
feature in the arrangement is the expansion of the wind 
canals, in which the blast is gradually modified and 
softened after leaving the fan itself, and so can be adapted 
to the peculiarities of the most variable conditions of 
corn and chaff. 

The great extension of the blowing sieves should be 
noticed in this machine, the area of which is so great 
that with a moderate amount of care and supervision it 
is almost impossible to pass out corn with the chaff, or 
for the chaff to escape the influence of the blast. It will 
be observed that in the “grist blast” there is a spout 
provided for the discharge of the long straws or other 
substances, which are carried over the blowing sieves, 
but which are still too heavy to be carried out with the 
chaff. 

By means of a slip board or false bottom, this arrange- 
ment can be dispensed with under certain conditions, as, 
for instance, in the case of tough or long-tailed barley, of 
which too large a proportion would pass over the end of 
the sieve. 

The machine is supported on a steel bracket on the 
rear axle, so that all four of the travelling wheels are 
brought under the main sills of the frame. In working 
the machine, wedges are driven between the sills and the 
wheels, so that the whole structure is rigid. 








RAISING THE STEAMSHIP ‘“ EDITH.” 

For more than two years past the free navigation of 
Holyhead Harbour has been dangerously impeded by the 
resence of a wreck. This was the London and North- 
estern Company’s packet-boat the Edith, with which 
another of the company’s steamships came into collision 
in September, 1875. She sank in 36 ft. of water at low 
spring tides, and in the fairway of the harbour, where, 
until recently, she remained, resisting all attempts to raise 
her. The North-Western Company at once did their best, 
both by their own staff and by the aid of some inventors, 
and at great expense, to remove the vessel, but their 
efforts proved fruitless. They at length placed the matter 
inthe hands of the Victoria Graving Dock Company, 
whose engineer, Mr. Druitt Halpir, , Benne apparatus 
and machinery, by means of which the ship has at length 
been successfully raised and removed to a position of 
safety. The apparatus mainly consists of two cradles, 
one for the forward and the other for the after of the 
vessel, the presence of her dle-boxes obliging this 
division of the apparatus. The cradles are formed of a 
pair of large wrought-iron caissons connected together at 
the top by girders, on which are the working platforms 
and lattice towers carrying the screwing arrangements for 
making the connexions with the ship. These connexions 
were made by means of hooks attached to wire ropes 








having eyes at their upper ends, which were connected 
with the screwing apparatus in the towers. The 
cradles were pinned down to the ship at low water, 
and as the tide made so ship and cradles rose 
together, the water having been previously pumped out 
of the caissons. The vessel was removed inshore in 
three lifts,a steam tug hauling the ship and cradles each 
time as far as the tide would permit. Success was not 
attained without many hindrances from stress of weather 
and other causes, but it came at last, and we congratulate 
Mr. Halpin on the accomplishment of an anxious and 
arduous task. Not less do we congratulate the North- 
Western Company on the removal of a dangerous wreck 
from the line of the main route between Holyhead and 
the Irish coast. We have been thus brief in our notice 
of this important work, because we intend shortly to 
illustrate and fully describe the apparatus by means of 
which—as far as we are aware—the largest ship ever 
yet raised from such a depth and in such an exposed 
situation, has been lifted. 


HEINEMANN'’S TYPE-COMPOSING 
MACHINE. 

A new form of type-composing and distributing ma- 
chine has just been placed on exhibition at the Patent 
Invention Depét, 32, Ludgate-hill, where we recently had 
an opportunity of inspecting it. The apparatus is the 
invention of Mr. Heinemann, and it consists mainly of a 
type frame or case, and a movable type extractor carry- 
ing the composing-stick. The case is fixed at an angle, and 
is divided into a number of vertical spaces for holding the 
various types. Below the case is a steel slide-bar upon 
which the extractor works, and is free to be moved either to 
the right or left by the compositor. The type extractor has 
two handles, one fixed on the left side, and by which it is 
moved to and fro, and the other movable on the right, by 
which the process ef extracting the types is performed. 
The operator adjusts the extractor to the letter required, 
in doing which he is guided by a graduated scale com- 
bined with the representation of the letters in each rack, 
the spaces on the scale corresponding to the letters. He 
then depresses the movable handle, which causes a small 
projecting piece at the back to engage in a space between 
the teeth of a steel comb, and which fixes the position of 
the extractor. At the same time a small piston advances 
forwards, presses a type before it out of the rack into 
the composing stick which is held in the receiver. On 
reversing the handle the type just set is pushed down the 
distance of its own thickness in the stick to make room for 
the next, the extractor is released, and is passed on to the 
next type required. When the composing-stick is full 
a spring 1s actuated by which a warning bell is rung. The 
full stick is then removed and an empty one substituted, 
the type being afterwards justified. There is also an 
arrangement for distributing the type, but which was not 
shown on the occasion of our visit. We were informed 
that there is one of these machines in use in a London 
printing office where 4000 types per hour are set by it. 














Tue Suez Canau.—In November, 1877, the number of 
vessels which passed through the Suez Canal was 113, 
the transit revenue co amounted to 90,8007. In No- 
vember, 1876, 114 vessels passed ——< the canal, and the 
oo revenue wet ,030!., and ly Nang my 1875, = 
vessels went throug’ ying transi e 
amount of 90,4511. ‘the number of vessels which — 
through the canal in the first eleven months of this 
was 1494, as compared with 1337 in the correspondi 

riod of 1876, and 1353 in the correspo period o: 

875. The transit revenue in the t 5 en 
months of a ge was 1,183,2241., as compared with 
a in ti period of 1876, and 

3891. in the corresponding peri period ¢ of 1875. The sub- 
tantia increase established this year in the transit revenue 
of the company is rendered all the more remarkable by the 
fact that a reduction of 5d. per ton was made in the tolls 


imposed on passing through the canal as from 
April, 1877. 





Ratts IN France.—The Eastern of France Railway 
Company has just let a contract for 4000 tons of rails. The 
contract price is 61. 19s. 10d. per ton. 





THE MounrtaAIns OF New ZEALAND.—New Zealand in 
many parts is very mountainous; in fact, the whole 
country is of volcanic crigin. Chains of mountains run 
through the island from north to south. In the North 
Island are the Coromandel Range, the Pakaroa Range, 
the Wairoa ‘= These ranges traverse the province 
of Auckland the province of Wellington is the 
Ruahine Range. There is also an active volcano called 
Tongairo 6500 ft. high. The of Ruaperhui rises to an 
elevation of 9100 ft. above the sea level. Mount Egmont 
is about 8300 ft. high. Though not the highest it is in 
many respects the most strikingly remarkable mountain in 
the colony. It rises in an almost perfect cone from a base 
of 30 miles in diameter, and its summit, which is an 
extinct crater, is covered with pe snow. In the 
Southern Island are the Southern , covered with per- 

snow, of which Mount Cook, in the province of Can- 
terbury, is the loftiest peak, being is, 000 ft. high. Mount 
Arthur, near Nelson, is about 8000 ft. high ; many of the 
extreme points of elevation are covered with snow all the 
ae In the province of Otago some of the moun- 
attain toa considerable altitude. Among these peaks 
may be named Mount Earnslaw, at the head of Lake 
Wakatipu, 9000 ft. high, and Mount Tutoko, near Mar- 
tin’s Bay, 8000 ft. high. 





Sours ArricaN Harsours.—The Cape Town corre- 
spondent of the Times writes as follows with regard to the 
bour works in progress, and in contemplation, on the © 
South African coast :—‘‘ Sir John Coote’ s reports on the 
various harbours of South Africa have been received by 
the Colonial Government, and are now being discussed by 
the press. In Table Bay, besides the graving dock now in 
course of construction, and which will form an important 
addition to our harbour works, Sir John proposes two plans 
for extending dock accommodation, whenever the necessity 
for it may arise. The one is an extension sea 
in an area of 15 acres of water on the Ay side of the 
present breakwater, a new pier out parallel to 
the breakwater from the north side o: the d dockhead. The 
other contemplates an inner basin at the back of the present 
one, enclosin | an area of 12 acres. At Port Elizabeth, 
which has a fair share of Sir John’s attention, a series 
of works is proposed that will cost in the ~~ ward 
a million of money. They are as follow he retainin 
bank on the south side of the old ee, which is md 
in progress, is to be com with all despatch. From this 
bank, at a point — 150 ft. south of the cast and west arm 
of the old work, and parallel thereto, an iron uct is 
to be carried out 3000 ft. seaward, so constructed as to 
carry a line of railway of the Colonial gauge, and connected 
with the present line. From the outer of this viaduct a 
jag aoe yt is to be built of solid concrete blocks 2000 ft. 
h, and running in a north-easterly direction, having 
a rae of 33 ft. at 3 water at the inner end. At the outer 
end of this would be a lighthouse and a return arm, which 
could be hereafter extended if necessary, while along the sea- 
ward side a lofty parapet would be raised to serve as a screen 
for s and covered stan . At its inner end a masoned 
jetty would be run out toa istance of 300 ft. in a north- 
west direction, to enclose a secure berthage under the lee 


and | of the breakwater. Provision is made for telegraph ex- 


tension, for water supply to ships, and for gas to the pier 
for the convenience 0 of mail mail steamers arriving at night. At 
Port Alfred Sir John Coode hi by the removal of stones 
and rocks at the entrance, and by extending the present 
east pier, to get the full stronatta of the river currents in 
ars the entrance channel, and secure ultimately a 
width of 170 ft. and a depth of 12 ft. at low water. At 
East London the works are to be continued in accordance 
with the design initiated in 1870, and the south breakwater 
is to be prosecuted with all vigour. The training banks 
now in progress are to be proceeded with, certain shallows 
reclaimed in connexion with them ; and when the 
projected works are complete, it is calculated that a depth 
of water will be secured where the present bar is of from 
20 ft. to 21 ft. at high water. the result of 
Sir John Coode’s visit to the colony last year is ed 
with satisfaction,” 
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H.M.S. ** IRIS.” 

WE condense from the Times the —— account of 
Her Majesty’s twin-screw steel despatch vessel Iris, which 
was launched at Pembroke in April last, and which made a 
contractors’ trial of her machinery yesterday week : 


The Ss a dimensions of the Iris are—length between 
rpendiculars, 300 ft., and over all, 333 ft.; extreme 
readth, 46 ft. 1 in. ; depth in hold, 16 ft. 3 in. ; length of 
, 78ft.; megn draught, 19 ft. 9in.; displacement, 
3750 tons; and midship section, 777 square feet. Un- 
like the steel vessels of the Comus class, which are now 
Leary on the Clyde, she will not be sheathed with wood, 
but will have her hull simply protected by composition. The 
plating varies from # in. to\} in.in thickness, and is rivetted to 
the longitudinals and perpendiculars by wrought-iron rivets 
in. in diameter. There are 83 frames, those forward and 
aft being 3 ft. apart, and those amidship 4 ft. apart, and, 
as they are crossed by longitudinal Z-shaped girders, no 
part of the ship’s side is unsupported for more than 4 ft. 
square. Her armament will consist of ten 64-pounders, 
eight side and two revolving, the latter being mounted on 
the poop and forecastle, so that the recessed ports which 
have been cut in the corvettes of the Boadicea class for the 
purpose of securing fore and aft fire will be dispensed with. 
The broadside guns, which are worked on the upper deck, 
have no protection beyond the # in. plating which ie the 
topsides, and runs up so as to give an exceptional height of 
bulwark and freeboard. Her weight of shell is 1595 tons. 
The Iris will also carry a 9-pounder and a 7-pounder field- 
piece, and will be fitted with the Whitehead torpedo. Her 
armament is undeniably light. She is barque-rigged, with 
wooden masts, and is steered by hand-gear. Her comple- 
ment is 250, and the officers are for the most part accom- 
modated under the poop. 

Like the hull of the ship itself, the engines, which are 
manufactured by Messrs. Maudslay, Sons, and Field, are 
of novel construction, there being nothing resemblin 
their cylinder and valve arrangements in the service, wit 
the exception of those which were fitted by Messrs. Maud- 
slay to the machinery of the Sirius, corvette, in 1867. The 
ship is propelled by direct-acting, horizontal, compound 
four-cylinder engines designed to turn twin screws. They 
are driven with 601b. pressure of steam, are intended to 
work up to 7000 indicated horse power, and are calculated 
to make about 95 revolutions per minute when developing 
their contract power. There are in all four high-pressure 
cylinders, having a diameter of 41 in., and four low-pressure 
cylinders, with a diameter of 75in., the stroke being 3 ft. 
Each high-pressure cylinder is bolted to the front of the 
low-pressure cylinder with which it works. It is also, for 
the purpose of economising length, partly recessed into it, 
and one piston rod carries the two pistons. The engines 
are placed in separate engine-rooms, divided by a water- 
tight doorway, the starting platforms of each pair of 
engines being situated close to and conveniently adjoining 
the amen The narrow beam of the ship for engines of 
the size and power has rendered it necessary to ones the 
starboard engine in front of the port engine, so that the 
body of the ship is well-nigh filled with machinery. The 
requirements of the vessel having also greatly limited 
the weights of the engines, the piston rods have been 
connected to wrought-iron crossheads working on guide 
rods which form the connexion between the main crank- 
shaft bearings and the cylinders, and to each of which 
they are bolted with strong Tends. The surface con- 
densers, which are constructed entirely of brass, are placed 
in the wings behind the cylinders. The one in the forward 
engine-room is fitted with 5290 tubes, 7 ft. long, and §in 
in diameter in the inside; while the after condenser 
contains 7024 tubes of the same internal diameter, but with 
a length of only 5ft. 3in. The total cooling surface is 
14, square feet. The air pumps are of the upright 
single-acting description. They are also placed at the rear 
of the cylinders, and are worked by bell-crank levers direct 
from the piston of the foremost low-pressure cylinder in 
each compartment, an arrangement which was deemed 
expedient on account of the limited space in the engine- 
rooms. The slide valves of each pair of cylinders are 
worked by one link, and the engines are fitted with steam 
starting and reversing gear. e crankshafts are double 
throw, and were forged by the Thames Iron Works Com- 
pany. The line of screw shafting, which is hollow, is 
constructed of Whitworth compressed steel, with a 9 in. 
hole through its centre ; and it may be mentioned that the 
low-pressure cylinders are each lined with working barrels 
of the same metal. The engines give motion to a couple 
of four-bladed screw propellers, 18 ft. 6 in. in diameter, 
and so adjusted that the pitch can be varied from 
17 ft. Gin. to 22ft. Gin. At the preliminary trial the pitch 
was setat 18ft. 8in., but, as the engines could not take 
all the steam that was generated, the pitch was subsequently 
reduced to 17 ft. Gin. The outer edges of the blades are 
unusually fine, and to show their great power relatively to 
the size of the ship, it may be stated that their outer edge 
comes to within 3 ft. 54in. of the extreme beam. In order 
that the screws may obtain a good supply of water and 
exercise their full power of thrust, the tubes are carried out 
51 ft. from the body of the ship. 

Steam is furnished by twelve boilers of slightly different 
dimensions in order to meet the varying line of the ship’s 
bottom. They are placed at the wings, and are fired amid- 
ship. They are ales di 


_are into two water-tight com- 

or. six in each, the object being that if one set of 
ilers were rendered useless by reason of the compartment 
beotitiing flooded, the engines could be driven from the 
other ; and with this contingericy in view, the steam- 
pipes connecting the boilers with the engines have an outer 
metal covering, to prevent the radiation of heat in the 
event of their being surrounded by water. It also deserves 
to be mentioned that the doors in the water-tight bulkheads 
which separate the fore engine room from the stokeholes 
and the stokeholes from each other are placed near the top 
instead of upon the flat. Should the ship, therefore, be 





rammed, the inflowing water would be confined to one 
compartment sufficiently long to enable the doors to be lei- 
surely closed. The stokeholes are irably ventilated 
by wide annular spaces in the ttvo funnels, up which the 
hot air rushes and causes a correspondingly vigorous inflow 
of fresh air through the coals and funnel casings. The 
boilers are fitted with 2898 brass tubes, 6 ft. 6 in. long, and 
84 in. external diameter, the total heating surface being 
18,700 sre feet. There are in all 32 furnaces, each 7 ft. 
long by 3 ft. 14 in. wide, and pesenng a total area of 
grate surface of 700 square feet. In order to save weight 
as far as possible, the outer shells of the boilers are made 
of the Landore wap pe mild steel, of similar quality to 
that of which the hull itself is built. The stop valves can 
be worked from the main deck, and are also to be worked 
from the upper deck. The Iris carries 500 tons of coal in 
her ordinary bunkers, and 250 tons additional in her re- 
serve bunkers. The total weight of the machinery with 
water in the boilers and condensers is about 1000 tonc, and 
the contract price is 93,0001. 

The Iris is the first ship in the service which has been 
specially fitted for working with steam as low as atmo- 
— pressure. Mr. Sells, a gentleman connected with 
the contractors’ firm, has patented an ingenious duplex valve 
arrangement, whereby the communication between the ex- 
haust of the high-pressure cylinders and the low-pressure 
slide chest is cut off, and the steam passes instead into the 
main exhaust pipe, while at the same time other valves are 
yg which admit”steam directly from the boilers into 
the low-pressure cylinders. 

On Friday last the Iris made a six hours’ full-power run. 
From first to last the ship was made to travel a distance 
little short of 120 knots, of which 96 were accomplished 
during the official six hours, and took her considerably to 
the west of Portland. As the days are short for extended 
trials of the kind, steam at the beginning was forced; the 
consequence was that the boilers primed, and the first 
half hour was lost before the amp could be arrested, and 
though the ship weighed anchor at half-past 9, it was not 
until close upon 11 o’clock that the note taking was com- 
menced. No further drawback occurred, the engines main- 
taining a marvellous uniformity in the vacuum and the 
number of revolutions, with a mean pressure of steam in 
the boilers of 62 lb. The starboard engine made 91, and 
the port engine 89} revolutions per minute; the .mean 
vacuum in the after condenser was 28.33, the vacuum in 
a forward condenser remaining at 28 in. throughout the 

ay. 
cylinders was 41.29, and in the low-pressure cylinders 11.24, 
the mean total hourse-power developed being 7088.52, or 
88} horses Seen the contract. The speed of the ship, as 


recorded by the electric log, and confirmed by cross bear- 
ings taken by Lieutenant onham, was 16 knots per hour, 
being less than was anticipa from the mould of the 


ship. The consumption of coal during the trial amounted 
to 2.7 lb. per indicated horse-power perhour. No attempt 
however, was made in the way of economising fuel, an 
during the ran home common Welsh coal was burnt. 


FOREIGN AND COLONIAL NOTES. 

The Mississippi.—The question of levées on the banks 
of the Mississippi is exciting some attention in the 
Southern States, and a Bill is to be introduced into 
Con -_— the subject. This Bill proposes an ex- 
penditure of 250,000 dols. for surveys to be made under the 
direction of United States army engineers. 


Locomotives for Australia.—The Government of New 
South Wales has accepted a tender of Messrs. Beyer, Pea- 
cock, and Co., of Manchester, for the construction of 24 
locomotives at a cost of 27801. per engine. No Australian 
tenders were delivered, and the tender accepted was the 
lowest of six sent in by English firms. 


American Mechanical Industry.—Messrs. P. Jewell and 
Sons, of Hartford, Connecticut, are furnishing the leather 
belting for a manufactory of munitions of war which the 
Turkish Government is about to establish upon’ its own 
soil. The Harrisburg car manufactory has accepted an 
order from the New York Central Railroad Company for 
100 new box cars. Messrs. Clark, Reeves, and Co., of 
Philadelphia, are about to ship an iron bridge, 100ft. in 
length, to Cuba for the Caébarien and St. Esperitus Rail- 
way- This bridge was built under the inspection of a 
Cuban engineer, who will superintend its erection. The 
Atlas Works, Indianapolis, are erecting a 200 horse erate 
engine for a large flour mill in New Orleans. essrs. 
Dennis, Long, and Co. have closed a contract for 100,000 
dols. of water pipes for new water works at Little Rock, 
Arkansas. essrs. Clark, Reeves, and Co., of Phila- 
delphia, have completed an iron truss bridge of two spans 
of 100 ft. and 150 ft. respectively for the New London and 








Northern Connecticut Rai 

French Mechanical Industry.—The profits realised by 
the Firminy Forges and Steel Works Company in the com- 
pany’s financial year 1876-7 amounted to 16,8481. Out of 
this sum a dividend was declared of 11. 12s. share ; this 
dividend absorbs 96001. An addition of l. was 


madé to the ordinary and special reserves. The dividend 
declared for 1876-7 is 4s. per share in excess of that paid 


for 1875-6. 


The Navies of Europe.—England has 152 active vessels 
and 350 in reserve, 60,000 sailors with 3000 officers, and 
15,000 marines with 326 officers, and ten monster ironclads. 
France has 115 active vessels and 78 in reserve, 48,000 
sailors with 1800 officers, and 16,000 marines with 780 
officers, three monster ironclads and 9 smaller coast boats. 
Germany has 61 active vessels and 48 in reserve, 8000 
soldiers and marines with 500 officers, and 3 ironclads. 
Russia has 158 active vessels, mostly small, 60,000 sailors 
with 2000 officers, only one-third serving on board - 
and 1 monster ironclad. Austria has 68 active vessels, 7 
sailors with 500 officers. Italy has 65 active vessels, 12,000 
sailors with 425 officers, and 3000 marines with 115 officers, 
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and 2 monster ironclads, the in existence, i 

8 100-ton guns. Turkey has 57 active vessels dnd 28 in 
reserve, 36,000 sailors and marines with 1000 officers, 

7 ironclads. Spain has 128 active vessels, 21,000 sailors 
and marines with officers, and $3 small ironclads. Greece 
has 21 active vessels, 7000 sailors and marines. Denmark 
33 active vessels, 10,000 sailors and marines. Holland 87 
active vessels, 12,000 sailors and marines. 


Brazilian Submarine Telegraphy.—During the first 
half of this year, the o ions of the Brazilian Submarine 
Telegraph oe (Limited) were attended with remark- 
ably profitable results. Thus while the revenue acquired 
amounted to 70,1101., the working expenses were only 
11,085/., leaving a net balance of 59,0251. ‘The expenditure 
for repairs and maintenance appears to have been almost 
nil, The company may, however, not always enjoy this 
happy immunity from serious trouble. 


Military Railways.—An interesting experiment was 
undertaken several weeks since by a detachment of the. 
German “‘railway regiment,’’ in order to determine the. 
rapidity with which a line of rails could be laid down over 
ground presenting considerable difficulties, and also to- 
ascertain the rate at which the work could be continued 
during the night by the aid of electric and other artificial 
lights. The portion of railway constructed led from 
station of usdorf to the summit of some adjacent 
heights rising 50 ft. or 60 ft. above the euies point. lis 
length was about 1000 paces, and the ients were, 
therefore, necessarily steep, in some places being as. 
high as lin 20. The work ‘vas at 7 0’clock in the 
morning, and by mid-day the rails were laid on the lower 
and more level of the road. In the evening the work- 
men were relieved by other companies of the regiment 
arriving from Berlin, and, although there was no moon, the 
work was steadily continued. Torches were employed 
where excavations or embankments had to be made, Dut 
where more accurate work had to be executed, or more 
difficult operations had to be performed—as for in- 
stance where rails had to be laid and adjusted—the scene 
was illuminated by electric lights, arranged upon an 
elevated platform. Shortly after midnight all the heavy 
work was finished. In two or three hours more, the rails 
were finally adjusted, and in the morning the regiment re- 
turned to Berlin. 


Rolling Stock for the Eastern Bengal.—The expansion 
which has taken place of late in the traffic of the tern 
ngal Railway has rendered it necessary to increase both. 
the rolling stock and the flotilla of that undertaking. Two 
hundred additional ms are now under construction ; 
this will bring the total number up to 858. An application 
is now before the Anglo-Indian abc for a further 
supply of trucks, as well as for some additional locomotive 
engines. As regards the flotilla, arrangements have been 
made for three small steamers to be constructed in a 
Government dockyard; in order, however, that this may 
be done promptly, two are to be smaller than was first 
proposed. ‘T'wo new flats are also about to be constructed. 


American Steam Shipbwildiny.— Messrs. W. Cramp 
and Sons, of Philadelphia, have closed a contract with the 
Pacific Coast Navigation Company for a large steamer for 
service between Francisco and Portland, Oregon. 
This steamer will be 300 ft. in length, 36ft. 6in. beam, 
28 ft. depth of hold, and 1800 horse power indicated. Messrs. 
Cramp are also’ building a large and powerful tug for 
service on the Delaware. 


American Coal.—Coal has been discovered near Flin- 
stone, land. The various collieries of Colorado pro- 
duce monthly an aggregate of about 8500 tons of coal, 
which sells at the pit’s mouth at 2 dols. to 3 dols. per ton. 


Ocean Steaming.—The Suez mail service has never been 
more efficient than yee Thus the Tanjore delivered 
the August mails in Melbourne seven days under the con- 
tract time. On September 12, again, the Siam arrived six 
days before her due date. She would probably have made 
the passage in a day less, but for unfavourable weather 
which she met with after leaving King George’s Sound. 


The Mewican Railway.—The inclines on this railway are 
heavy. Steep grades and short curves occur chiefly in the 
section 50 to 100 miles west of Vera Cruz. The difference 
of level between Vera Cruz and Paso del Macho, 474 miles, 
is 1559} ft.; in this section the maximum grade is 2} per 
100, and the sharpest curves are 600 ft. radius. m 
Paso del Macho to Boca del Monte, 60 miles, the 
difference is 6342} ft., and the following are the pre- 
vailing grades: 7.61 miles, 2 per cent., or 113 ft. 
mile; 9.14 miles, 2} per cent., or 132 ft. per -mile; 
5.89 miles, 5 per cent., or 158 ft. per mile; 1.55 miles, 
3} per cent., or 184 ft. per mile ; 13.95 miles, £4 gee cent., 
Lor 211 ft. mile. This makes a total of 38.14 miles of 
heavy pond On the remaining 21.86 miles the incline is 


mostly 1.5 per 100, or 80ft. The curves from 400 ft. 
radius to ft. radius, the latter being the s curve 
on the whole line. The works are and important 

consisting of 27 iron bridges and viaducts, 16 tunnels, und 
96 arch and open culverts. The length of tunnel is 2941 ft. 

and of bridging 4321 ft. In res of solidity a 


originality of construction these works are equal to any in 
Between Boca del Monte 


Europe or the United States. 

and the city of Mexico the line is comparativel ight 
and , the grade nowhere exceeding 1.5 per 100, nor 
curves 900 ft. radius an ty ae es oceur on the 
Puebla cae; ie ee ae per 100, or 80 ft, to 
the mile; the sharpest curve is ft. us. At Vera 
Cruz is a mole built of iron 725 ft. and 60 ft. wide at 


the end standing in the sea. There are three tracks 
mole, and cranes are ed for loading and 
vessels and launches. As the larger class of vessels 
reach the pier, the aa oe Pmt a te for their use 
tw6 steam tugs and five launches. total weight of iron 
used in constructing the mole was 553 tons. 
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Russia Bridging the Danube.—An agent of the Russian 
Government has been in Philadelphia endeavouring to 
negotiate for the construction of an iron bridge of single 
span only, 2100ft. long, across the Danube. He offers 
20,0001. for such a bridge. The time for its constraction 
is limited to the opening of the spring military campaign. 

Boulogne Harbour.—Within a week of the presentation 
of a projet de loi for the construction at Boulogne of a new 
harbour accessible to larger vessels at all times of the tide, 
the French Chamber of Deputies has appointed a speci 
commission of eleven members to report on the scheme. 
The projected works are estimated to cost 680,0001. 


Spanish Railways.—A Central Pyrennean Railway 
Company has been formed for the construction and working 
of a line from Lerida to the Monsech mines. 


Port Augusta and Government Gums Railway.— 
Tenders for the construction of this South Australian line 
were opened at the Public Works Office, Adelaide, on 
October 1, by the Commissioner of Public Works, in the 
presence of a considerable number of persons. The tenders, 
of which there were six, were for the carrying out of all the 
works in connexion with 198 miles of bees between 
Port Augusta and Government Gums, and supplying all 
necessary material for that purpose, the South Australian 
Government providing the'rails, rolling stock, and buildings 
for the line. A tel m from a firm in New Zealand, 
stating that they hed Sorwanded their tender to a firm in 
Dunedin to be sent on, was received, and a subsequent 
message stated that the tender had been posted, and that 
the deposit had been paid. The commissioners said the 
matter would be dealt with, but the offer will probably be 
considered informal. The highest tender was between 
4001. and 5001. lower than the engineer-in-chief’s estimates 
from the plans. The difference between the highest and 
lowest tender was 94,2241. The lowest tenderers were 
Messrs. D. M. Ba and Co., of Victoria, whose tender 
was for 578,8201. The following are the names of other 
tenderers, and the amount of their tenders : Messrs. Cain, 
Millar, and Chapman, of Victoria, 657,2991. ; Messrs. Perry, 
Reeve, and Currie, of England, 661,3971.; Messrs. Wis- 
hart, Fry, Bailey, and Davies, South Australia, 666,5171. ; 
Messrs. Blunt and Co., Sydney, 669,0011. ; Messrs. Over- 
end and Robb, Victoria, 673,1141.- It was announced 
that the tender of Messrs. Barry and Co. had been ac- 
cepted. 

American Piers.—Iron piers are to be constructed at 
Long Branch and also at Coney Island. As proposed they 
will consist of steel beams and floor resting upon iron 
columns braced to each other. To protect the structures 
from the sea, which has hitherto been found to be destruc- 
tive to piers which have been attempted in the neighbour- 

ood, a breakwater will be anchored just outside of the 
new structures. This breakwater will consist of long iron 
cylinders with projecting plates like! paddle-wheels, so 
arranged that as the sea strikes them they will turn, thus 
reducing its force. The pier to be built at Long Branch 
will have a carriage drive in the centre 30 ft. wide witha 
side walk 10 ft. wide on each side. The work will be begun 
in the spring. 


THE ELECTRICAL DEPOSITION OF 
METALS.* 
On a New Process for the Electrical Deposition of Metals, 
and for Constructing Metal-covered Glass Specula. 
By Prorrssorn ARTHUR A Wrieurt, Yale College, 








U.S.A. 

In a paper by the writer, published in January, 1877, 
an account was given of a method of producing metallic 
films upon the inner surface of exhausted glass tubes, 
by the action of a succession of energetic electrical 
discharges. The thickness of these films could be 
varied, from a tenuity such that the coating barely gave 
indications of a metallic lustre, and scarcely dimmed the 
intensity of transmitted light, to the point where perfect 
+ sa was attained, by simply continuing the action of 
the current for a shorter or longer time. They were pro- 
tive electrode of the metal to be 
deposited, exhausting the tube, and passing through it 
the current from an induction coil. The metallic coatings 
thus obtained, as seen from the exterior, were very bril- 
liant, but the condition of the inner surface was not 
readily observed, and the nature of the process made it 
seem probable that they possessed a dull or even a frosted 
surface. With a view to obtain the films in a form better 
suited for examination, a modification of the ap tus 
which they could be deposi upon 


of plane glass. At first this object was attained 
by inserting narrow sli 


duced by forming the ne 


of glass into the tube by the side 
of the electrode, in the manner suggested in my former 
paper, and very good results were gained. But, as the 
nearer portion of the plate received a larger share of the 
metal, the thickness of the deposit was not uniform, and it 
was found necessary to construct a special apparatus, in 
which the relative positions of the plate and the electrode 
could be varied, so as to give the ‘atter an equal action 
A all parts of the surface to be covered. The plan em- 
ployed was as described in the following paragraphs. 

A rather thick-walled glass globe, about 7 centimetres 
in diameter, blown upon the end of a tube 25 centimetres 
long and 15 milli in diameter, was used to form the 
receiver. The top of the globe opposite the tube was cut 
off, so as to form an opening 40 millimetres in diameter. 
and the edge d flat, in a dicular to the 
axis of the tube. The end of the latter was drawn some- 
what s in a gas flame, and a glass stop-cock attached 
to it with cement. A little way above this, a platinum 
wire was fused into the glass to serve as the positive 
electrode. The cover of the vessel was made by cutting 
from a similar globe a portion corresponding in size to the 





* From the American Journal of Science and Arts. 








vo ore but with the neck attached, the two pieces 
carefully ground so as to fit closely. When they 
were placed together, a little cement applied to the outside 
along the line of juncture rendered the joint perfectly air- 
tight. The tube or neck of the cover was five centimetres 
long, and was also somewhat reduced at the extremity b 

drawing it smaller. Into this was cemented a small an 

thick-walled tube extending to a point near the centre of 
the globe. A platinum wire was. placed in this tube, and 


jai | Was fused in at the top, enough being left projecting to 


form a small loop for the attachment of the wire from the 
coil. The inner end of the wire terminated at about one 
centimetre from the lower end of the glass tube. Into the 
latter was slipped a wire of the metal to be deposited, 
which, in all cases, was the negative electrode,—the part 
within the tube being long enough to make good contact 
with the platinum wire, and being bent somewhat so as to 
cause it to retain its place by friction. In some of the ex- 
periments a different cover was used, made from a glass 
funnel, the neck of which was left somewhat longer to 
afford more room for the swinging electrode, as described 
below, and the tube carrying the latter was fitted into the 
top by grinding so as to make an air-tight joint. 

For the support of the plate, a small watch-glass, about 
3 centimetres in diameter, was employed, to one of 
which a thread of glass was fused by a blow-pipe flame, 
and then bent so as to form a loop by which it could be 
suspended like the pan of a balance. A small hook of 
glass was also attached tothe side of the thick tube carry- 
ing the electrode, and upon this the pan was hung, the 
loop being so formed as to allow it to swing freely in all 
directions. The pan, when in place, was about 15 milli- 
metres below the end of the tube from which the electrode 
oe the latter being adjusted to the proper distance 

y sliding it up or down in its support, as occasion required. 
By slightly inclining the globe, the extremity of ithe wire 
could thus be readily brought over any point of the plate. 
In some of the experiments the plate was stationary, being 
held in a little tripod of glass threads, or simply laid upon 
the bottom of the globe. In these cases the tube holding 
the electrode was jointed near the top, the two portions 
being connected by a hook and loop of platinum or 
nesium wire. It could thus be made to traverse all 
—_ of the plate by giving suitable movements to the 
globe. 

When adjusted and closed, the receiver was attached to 
the Sprengel pump. By means of a small air-pump of the 
ordinary construction, connected with this by a stop-cock 
and flexible tube, the whole apparatus was exhausted as 
far as possible and then dry hydrogen admitted, this a. 
repeated two or three times in order to remove the air an 
moisture. The process of exhaustion was then completed 
with the mercury pump. The degree of rarefaction required 
varied somewhat with the metal to be deposited, but was 
rarely above 2.5 millimetres. For platinum the best results 
were obtained, when it was from 1.5 to 1.75 millimetres. 
The use of hyd: n is not in all cases necessary, as some 
of the metals an be deposited perfectly well with only air 
in the receiver. This is especially the case with gold, but 


to the surface of clean liquid mercury, far surpassing in 
lustre anything that can be obtained by the ealineny 
methods of polishing. 

_ This circumstance suggested at once a valuable applica- 
tion of the process in the production of specula for optical 
purposes, and the subsequent investigations were directed 
to thisend. The mirrors first made had been formed upon 
dises of thin glass, such as are commonly used as covers for 
microscopical objects, those being selected which were 
most free from defects, and had the best surfaces. By 
means of a very delicate assay balance, the weight of the 
glass discs, both before and after receiving the deposit, 
could be obtained to the one-hundredth part of a milli- 
gramme, and hence it was easy to calculate the thickness of 
the metallic layer in any instance. By this means the re- 
lative transparency of the different metals can be deter- 
mined, and the relation between the amount of light trans- 
mitted and the thickness of metal traversed by it. The 
more particular consideration of these and some other 
matters of interest as bearing upon the optical charac- 
teristics of the metals, is deferred to another time, and it 
is only necessary to mention here the results of some 
measurements which were made in order to determine the 
limiting thickness of a film in regard to the transmission 
of light ; that is, the thickness of a film which would allow 
only an inconsiderable proportion of the incident rays to 
pass through. As the metallic lustre is developed gradually 
with the increasing amount of metal, showing conclusively 
that light actually penetrates these substances to a certain 
depth, it was important to ascertain whether the thickness 
of the layer sufficient for a virtually complete reflection of 
light would be great enough to) affect perceptibly the 
figure of a mirror of glass upon which it was laid down. 

Experiments for this purpose were made with gold and 
platinum, and the process of deposition was continued until 
the films appeared to have just reached the condition of 
complete opacity. On removing them from the receiver, 
however, it was found in both cases that a very sm 
amount of light was still transmitted, as on holding them 
close to the eye, a brilliant object, like the sun or a bright 
flame, could be seen through them. The thickness of the 
gold layer was found to be 0.000183 mm., that of the 
es 0°000174 mm., or approximately one-fourth the 
ength of a wave of light at the red end of the spectrum. 
The gold, although thicker than the platinum, transmits 
perceptibly more light, showing that it is the more trans- 
parent of the two metals. As the films employed for 
mirrors may be much thinner than the amount mentioned 
without an appreciable diminution of the intensity of re- 
flected light, it is evident that the figure of a perfectly 
wrought glass mirror will not be changed, when the metal 
is uniformly deposited, to such an extent as to affect its 
performance unfavourably. A platinum film of one-fifth 
the thickness of the one described, forms a brilliant mirror, 
transmitting but a very small percentage of light. ‘The 
perfect control of the process obtained by the use of the 
movable el e will even make it possible to apply 
the method of local correction for the improvement of a 
defective figure, or to parabolise a spherical mirror by 





platinum, although ordinarily not — b with 
oxygen, becomes tarnished with a film of what ap mtly 
is the blue oxide, unless the air is removed. The electrode 
itself was formed of a small wire, usually not more than 
one-fourth of a millimetre in thickness, bent at the end into 
a circle three or four millimetres in di , the plane of 
which was perpendicular to the straight portion of the wire 
entering the glass tube, and parallel with the surface of 
the glass plate situated beneath it. Its distance from the 
latter was generally about three millimetres, though con- 
siderable variations were possible. When it is farther awa 
the process of deposition goes on much more slowly, thoug. 
the results are in most cases quite as good as when it is 
nearer. After the process of exhaustion was completed, 
the stop-cock was closed, and the apparatus removed from 
the pump, for greater convenience of manipulation in 
applying the current. 

The electrical apparatus employed consisted of an 
induction coil capable of giving sparks four or five centi- 
metres in length, and a battery, the power of which could 
be varied according to circumstances. It consisted usually 
of pint Grove cells, from three to six in number, not com- 
pletely filled, or charged with rather weak acid, and a 
plunge battery of five cells, of which one, two, or more, 
were used, as occasion required, the whole being joined in 
a continuous circuit. By immersing the plates of the 
plunge battery more or less, as well as by varying the 
awe all in the circuit, the strength of the current could 
readily be changed within the limits desired. The various 
metals required currents of different strength, and the 

wer best suited to each had to be determined by trial. 
wes found advisable in most cases to te it so that 
the temperature of the electrode was below that of a red 
heat, or such as barely to redden it. Of course with the 
more fusible metals it was necessarily much lower than this. 
The metal is actually volatilised by the discharge, as is 
shown by the fact that the characteristic lines of its 
spectrum may be seen with a spectroscope, and the film is 
formed by the condensation of its vapour upon the cooler 
glass surface. For the production of films with brilliant 
surfaces, the strength of the current must not be great 
enough to give the discharge a disruptive character, as 
this separates some of the metal in the form of powder. 

The (primary object of the experiments was to obtain 
films of the different metals ‘upon thin pieces of flat glass 
for the pu of investigating some of their optical cha- 
racters. The apparatus proved to be perfectly su 
in its operation, and beautiful films of gold, silver, pla- 
tinum, and bismuth were obtained with ease and inty. 
As has been mentioned, it seems probable that the surface 
of deposit would be dall, but the first trial showed that 
this anticipation was incorrect, and the films, when removed 
from the receiver, exhibited surfaces of exquisite perfection 
and the most brilliant polish. They can only be compared 








Pp g the metal in a layer increasing in thickness 
towards the centre, though of course it would be better to 
avoid a somewhat tedious operation by securing the perfect 
form of the glass beforehand. 

Of the metals that are suitable for the formation of 
specula, platinum appears to be the most valuable. For 
while, when well polished, it is but little inferior to silver 
in reflecting power and freedom from colour, it does not 
become tarnished by oxidation or the action of sulphurous 

es, and when dnuiled by atmospheric deposits the sur- 
ace can be cleaned by washing with water or with acids, 
which is an important advantage. By the method here 
described it can be deposited upon glass surfaces very 
easily, and a mirror of the most perfect surface produced 
at once, without the necessity of a single touch to complete 
it. Several such mirrors have been made in the course of 
these experiments, by the use of concave glass lenses, with 
the most satisfactory results. The metal film adheres 
strongly to the glass, and when of sufficient thickness 
appears to be very firm and hard. In mirrors silvered by 
the ordinary method, trouble is often experienced from the 
insinuation of moisture between the glass and the metal, 
resulting finally in the separation of the latter. In those 
prepared by the new process the adherence of the film is so 
close as to render such an effect impossible. As a test of 
this, a small silyered speculum was placed in a beaker of 
water, where it remained for two weeks, and besides this 
was wetted and dried repeatedly, without showing the 
slightest’ tendency to suffer the penetration of the mois- 
ture. Similar results were also obtained with platinum and 
gold films. 

With silver the process likewise succeeds well, but it is 
more difficult to obtain good surfaces than with gold or 
platinum. The metal is volatilised with extreme ease by 
the action of the current, and the energy of the discharges 
must not be too great. Of several trials made with this 
metal, the most successful was one in which not only the 
degree of exhaustion of the receiver was less than had been 
employed in other cases, being only to three millimetres, but 
the dosinele was more distant from the plate, and the 
battery weaker. The action proceeded slowly in this in- 
stance, but with the result of producing an excellent film. 
With a stronger current the deposit is rapidly made, and 
has a fine lustre, but the surface has a yellowish colour. 
This is perhaps partially due to a slight degree of oxidation, 
but also appears to be owing in part to the deposition of a 
portion of the metal in the form of fine powder, the vapour 
of the silver, as it streams from the electrode toward the 
more distant portions of the plate, becoming partially con- 
densed, and falling on it in minute particles. That such a 
result would follow from this cause, was shown by some of 
the experiments in which a rather strong battery was em- 
ployed. The whole interior surface of the globe was in a 
short time covered with the powdered metal, appearing an 
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intense purple where thinnest, and shading ually to | more fully to test the question whether a deposit could be | neglected, the use of the weber has been general 
ing the same by ie upon a solid piece of metal, as ver coin was|and there it is the ice to speak of the h of 


deep blue where thickest, the colour 
both transmitted and reflected light. The metallic lustre 
was wanting, though it was readily developed when a 
portion of the powdery coating, which was easily removed, 
was rub against the surface of the glass with some 
pressure. The defect was, to a considerable extent, re- 
medied by surrounding the electrode with a small glass 
tube projecting some three millimetres beyond it, so as to 
clear the surface of the plate by an interval of only one or 
two millimetres. This had the effect to cut off the lateral 
rtion of the discharge, and to confine its action toa 
ited area immediately below the extremity of the wire. 
The yellow tarnish is removed with the greatest ease by 
gently rubbing the surface with soft chamois leather and a 
little rouge, and the metal is so hard, that, when this 
operation is performed with care, the polish is not at all, 
or bui very slightly, affected. Even then, however, the 
metalis not perfectly white, having still a very faint yellow 
tinge. It is well known that silver is not a perfectly white 
metal, for light which has undergone repeated reflections 
from polished surfaces of this metal appears yellow or 
reddish-yellow, though this colour is not perceptible when 
the light has undergone but a single reflection. But the 
real cause of the yellowish tint may possibly be found in 
the very tenuity of the films, which, when prepared in this 
way, have a beautiful and intense blue colour by trans- 
mitted light. When not too thick, the amount of blue 
rays which they suffer to pass, may be sufficient to cause, 
by their abstraction, a perceptible tinge of yellow, the com- 
plementary colour, in the reflected rays. If this were 
really the case, the coloration should grow weaker with an 
increase of thickness, and disappear when opacity is reached. 
Some of the results obtained seem to favour this view, and 
the probability of its correctness is strengthened by the 
facts related in the next paragraph, but further experi- 
ments are needed to decide the question satisfactorily. 
One result of the investigation has been to show that the 
colour of the light which has through a layer of 
metal varies somewhat with the thickness of the film. 
This was known to be the case with gold, and experiment 
has shown it to be true of platinum and bismuth also. 
Thus the latter in a very thin film appears a clear bluish- 
grey, while a much thicker film appears brownish. 
latinum in a thin layer has a greyish tint, which varies, 
as the film is made thicker, to a peculiar brownish shade, 
somewhat like that of sepia, passing into brownish-yellow, 
and finally becoming a deep yellow, even inclining some- 
what to orange, in the thickest films obtained. Now this 
colour is almost exactly complemen to that transmitted 
by silver, and the do gens suggested itself of making a 
mirror which should be perfectly white by reflected light, 
by depositing first a thin stratum of silver, and over this 


another of platinum, the relative thickness of the two | vali 


being properly regulated by observing the colour of the 
transmitted hight. An experiment made with a circular 
disc of flat glass was perfectly successful, the platinum 
being readily deposited upon the silver, the yellowish tint 
of which it entirely removed, producing a white and 
brilliant reflecting surface. By transmitted light the film, 
as it was anticipated would be the case, has a pure neutral 
tint, with no perceptible colour of any kind. 

The value of such a combination for specula is evident, 
for though, until careful measurements are made, it cannot 
be asserted that the absolute reflecting power is in > 
the whiteness of the layer, and the protection afforded by 
having the surface covered with an unalterable metal, are 
very substantial advantages. In constructing large mirrors 
it will probably also be found to result in a material saving 
of time, the silver being so much more rapidly and easil, 
deposited than the platinum. The process can also be us 
with great advantage for the construction of solar eye- 
pieces for telescopes, since the compound film can be de- 
posited directly — the surface of the lens, and made 
thick enough to reduce the intensity of the light as much 
as may be desired. An image, nearly or quite colourless, 
could thus be obtained, and the disturbance of the rays 
should be less than that produced by the interposition of a 
dark —_ of the ordinary kind. 

As has been mentioned, some experiments were made 
with bismuth, and a mirror of excellent sarface was ob- 
tained, but the metal is inferior to platinum in brilliancy, 
and has a decided colour. The great facility with which 
films are obtained with it might recommend its use for 
mirrors in some cases, but for most purposes other metals 
are to be potenet. Attempts to produce mirrors of iron 
and nickel were but partially successful, as it was difficult 
to prevent tarnishing by oxidation. Some good iron films 
were obtained, however, which were very brilliant, The 
were exceedingly hard, and adhered to the glass with suc 
tenacity that at first it seemed as if they had been fused 
into it. But when the film was dissolved off by an acid, 
the glass was found not to have been acted upon atall. A 
singular characteristic of the iron in this condition is its 
chemical inertness. Films ey ye more than six months 
ago and freely exposed to the air, which, for a part of the 

e too, was excessively cha: with moisture, have not 
shown the least alteration. Nitric acid, placed upon one 
of them for a short > pl a mone scarcely any effect, and 
nitro-hydrochloric acid upon it with about the same 
readiness as it does upon platinum. This may be due to 
the extreme thinness of the film, in consequence of which, 
even the exterior atoms of the iron, being within the range 
tending. to oppens ani nastaclint the totrestion of renounte 

Oppose neutrali a ion nts 
ordinarily attack the metal ically. 
is not ai neces: t object upon which the 
metal is deposited should’ be of non-conducti rial, 
This is shown by the fact that the process continues to go 
on after the glass has become covered with a perfectly con- 
sncesee of tae cnpartanent sf covering a elivered oie come 
ess of the experiment of covering a si with 
platinum is additional evidence of the same fact. In order 





placed in the pan under an electrode of gold. It was 
covered in a few minutes with a beautiful coating of the 
latter metal, which was found to be very hard and to 
adhere perfectly, having also, in every respect, its proper 
colour and lustre. At the beginning of the process, while 
still thin enough to allow light reflected from the silver to 
pass, it a greenish colour, producing a curious effect. 

As an example of the applicability of the process to prac- 
tical purposes, it may be of interest to mention the results 
of some experiments in the construction of a small Gregorian 
telescope, the specula of which were covered with platinum 
by the method described, and with entire success. The 

mirror has a diameter of a little less than four centi- 
metres, and both this and the smaller one, so far as the 
nature of the surface is concerned, appear absolutely fault- 
less. As only common lenses were employed in its con- 
struction, the performance of the instrument is not re- 
markable, but it is sufficiently good to warrant the 
assurance that the method will be serviceable for the 
production of specula of exquisite quality for optical pur- 
poses. The size of the apparatus, which, for convenience 
in experimenting, was necessarily small, did not permit 
the introduction of larger mirrors than this, but there 
seems to be no reason for doubting that much larger 
specula can be successfully made in this way. The amount 
of time required for obtaining the —- covering of 
this mirror was about three hours, during which the coil 
was kept in continuous action, with a battery power equi- 
valent to four or five small Grove cells. Mirrors 
size would, of course, require a longer time, but with suit- 
able apparatus a much stronger battery and coil 
could be used, which would materially accelerate the oper- 
ation. A plate two centimetres in diameter can be covered 
with platinum in twenty or thirty minutes sufficiently thick 
to form a good s um. For gold or silver the time 
would not be more than from ten to fifteen minutes. 

Many useful applications of this process may be found, 
and its use is not limited to those metals which have been 
mentioned here. Moreover, for many of them no other 
available process is known by which they can be deposited 
in — we ee a pow a ounee 
upon glass. very thin layer of platinum, or, s m 
of silver and platinum together, could be used with great 
advantage in the camera lucida and similar instruments. 
Very perfect mirrors for galvanometer needles, and for 
delicate torsion a: tus, can be expeditiously formed in 
this way, and by the use of very thin glass, or the most 
delicate films of mica, they may be ie of almost inap- 
preciable weight. For the mirrors of heliostats, and other 
reflecting instruments in which a metallic surface is neces- 
sary, the specula produced by this method will be ye pert 

mable. For telescopes, the beautiful process of Liebig 
and Foucault, for forming silvered glass s is recom- 
men by the ease with which it is applied, and the 
rapidity of its eee. But the perishable nature of the 
delicate silver , and the difficulty of securing a firm and 
permanent adherence, are serious disadvan . These 
are entirely avoided by the use of an unalterable metal like 
platinum ; and though for instruments of the largest size 
the process here described may be found impracticable, for 
those of more moderate dimensions there is every reason for 
believing it may be re ee with complete success. The 
labour and time req for its application are ind 
drawbacks ; but there is compensation for this in the im- 
portant circumstance that the mirror comes out of the 
receiver with a surface of inimitable perfection, which 
would, in fact, only be injured by any of the ordinary 
methods of polishing. 








ON THE MEASUREMENT OF CURRENTS.,* 
_ By W. H. Prezce, nn Memb. Inst. 


.E., &. 

A untrT is some fixed or selected magnitude to which all 
concrete quantities of the same kind can be compared or by 
which they can be measured. The numerical value of any 
quantity is its ratio to this unit. The common unit of 
length is the foot, of mass the pound, and of time the 
second, but the generally accepted scientific unit of length 
is the centimetre, of mass the gramme, and of time the 
second. All true physical units are derived these 
fundamental units and are called absolute. 

The proper selection of an absolute system enables scien- 
tific men of all nations to bring together all kinds of 
— quantities to one common scale of comparison. 

t is impossible to over-estimate the value to telegraph 
engineers of the absolute system of electrical measure- 
ments. It has brought us all within one fold. However 
diverse may be the instruments we use we can comprehend 
electrical conditions everywhere if properly stated. 

The Committee of the British Association, appointed in 
1861, which determined the unit of resistance and called it 
an ohm, also determined similar standards for the relative 
measurement of other electrical quantities, viz., electrical 
quantity, capacity, tial or electromotive force,t and 
current strength. No name has been given to the unit of 
electrical quantity, but the unit of capacity, which is based 
upon it, has been called a farad. farad is in fact that 
condenser which contains unit quantity when raised to 
unit potential. The name of volt was given to the unit of 
electromotive force, and the name of weber was given to 
the unit of current. Each of these units has been Frought 


into general use with the exception of the last, and of them 
all, probably the last is the most im t, and is likely to 
be as much as any other. America, where, as a 


rule, the scientific points of telegraphy have been rather 
* Paper read before the Society of Telegraph Engi- 
neers. 
+ Electromotive force is difference of potential, and when 
earth is used for one point potential and electromotive 
force are synonymous. 








currents, either leaving a station or entering a station, as 
equivalent to so many webers. On several occasions I 
have been asked, ‘‘ What is the strength of currents that 
leave your stations ?’’ and I have been ashamed to Ow- 
ledge that I was unable to tell without calculation. 4 
Warren de la Rue suggested that we should always 
measure the strength of our currents by a voltameter, but 
a tangent galvanometer, a sine galvanometer, or, indeed, 
any other practical form of galvanometer, is eq ser- 
viceable under the absolute system of measurement. 

Now, the unit of current strength, or the weber, is that 
current which is produced by one volt, acting through one 
ohm ; it is, in f Nason? C in the equation 


C=-, 
R 


when all three magnitudes are expressed in the absolute 
system. Whenever we know the value of E in volts and 
the value of BR in ohms, we have got the value of C in 
webers. It very ees Se that the electro- 
motive force of an ordinary Daniell cell is almost exactly 
the volt—really, for a pure Daniell’s it is 1.1 volt— 
so that where we know the number of cells and the resis- 
tance of the circuit we have approximately the number of 
webers flowi Thus, for example, if the resistance of a 
line with its instruments be ohms, and we employ a 
small 10-cell Daniell (whose resistance would be about 
200 ohms) to work it, then the current flowing would be 


Os 10 0° webers. 


It, however, happens that inasmuch as the number ex- 
ing the resistance of our circuits in ohms is always 
very much greater than the number expressing the electro- 
motive force in volts, the currents used for telegraphic 
purposes are invariably less than a weber. Hence it becomes 
advisable to use a sub-multiple of the weber in the same 
way that we have a sub-multiple of the farad, viz., the 
‘* micro-farad.”” The same reasons, but in the opposite 
direction, have introduced a multiple of the ohm, the 
** meg-ohm,’”’ as a measure of the insulation of 
and other coated wires. The sub-multiple that I suggest 
is the reseth part of a weber, or a milli Thus the 





-weber. 
above current would have been 14 milli-webers. 

In indicating these different magnitudes it has been 
customary to follow the oy adopted in indi Gegsece, 
minutes, and seconds, 4 giving to the ohm t 
letter ®, and tothe megohm the capital Greek letter | 
But to the farad —— ted on Te ago the 
letter P—the same plan has not been adopted. However. 
I propose now to adopt it, and to indicate the farad by 
capital letter P, and the mi posers ae af 
Similarly with the weber, to which I propose to apply 
capital letter [, and to the milli-weber the small 
Greek letter Y; a symbol which is already extensively 
used wt mathematical papers to indicate the strength of 
currents. 

Now, to pers the Fm of a yong = upon a circuit 
in milli-webers it is only necessary a reading on 
any galvanometer whose resistance is known, and then to re- 
produce that reading upon a known artificial line. Knowing 
the electromotive force and the resistance of the battery, 
the resistance of the line, and the resistance of the galvano- 
meter, we obtain at once the current strength in webers. 
To obtain milli-webers we have simply to gop Mov 
result by 1000. Thus, for example, if, with an i 

vanometer of 100 resistance and a 10-cell Daniell of 
w resistance, oniget for working a line, we obtained 
a certain deflection on the line, and, to luce this deflec- 
tion, we found it necessary to replace line by a resis- 
tance of 500%, then the strength of the current working 
the line would be 
10 — 16,47 


10+-100+-500 
With a (oes or sine galvanometer the tion is sim- 
pler, for we have only to make one observation, either upon 
a constant or upon a line, to be able to obtain the 
** reduction fi € 
lent value for each degree of deflection. 

The use of this standard wil! -z able us to form a figure 
of merit which will represent the vensitiveness of any gal- 
vanometer or electro- , for we simply have to 
find the resistance thro which a single cell, or 
given number of cells will actuate a1<!2;, or move a gal- 
yanometer needle a given number of degrees to get a read 
ing which will give us a standard expressing the sensitive- 
ness of the instrument under trial in milli-webers. Thus 
for example, if we find that a one-eell Daniell would 
actuate a relay whose resistance was 5004, through a re- 
sistance of 80002, then the figure of merit of the relay 
would be : 


? 


’ 


of Merit, 
No. 1 4140 22, 047 
No. 2 6084 18,0004 O5Y 
No. 3 3034 10,0004 097 
6964 22, 047 


of the condition of a line during various of wea- 
ther. Thus, while ona day both the and re- 
ceiving currents at each end of the line were equal and 


its whole length. 
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_ | and compact gravel may require & e of from | great care, for it has sometimes ha) that from 
HYDRAULIC MINING IN CALIFORNIA. | {Xo 7 percent, Whore the survey shows 4 per | want of care in making it, quottand as een 
‘ , Ph. D. 
(Continued from page 446.) 
Workina. 


Tue tunnel may be called the main artery of a 
hydraulic claim, If the gravel contains the pay, the 
success of the claim will depend, other things being 
equal, on its proper location and construction. It 
should be perfectly straight, free from curves, not 
only because this is the simplest way to run it, but 
because it will be the shortest, and therefore will 
involve the least expense, and because if a circuitous 
tunnel were attempted the miners would be liable 
to lose themselves altogether. 

The size of a tunnel will depend upon the dimen- 
sions of the sluice which is to go through it, and it 
may be said in very general terms that it should be 
from 2 ft. to 24ft. larger than the flume. It will 


also depend upon the quantity of water and material 
that is required to pass through it, and the length 


of the mining season. They are now generally con- 
structed 8 ft. high and 7 ft. wide for single sluice 
boxes, where the mines are supposed to run eight or 
nine months in the year. A tunnel of such a size, 


with a flume 6 ft. square, and 4 per cent, grade, will 
use from 2000 in. to 2500 in. of water. Where a 
larger supply is needed, and as Py ac 3000 in. to 
3500 in. of water could be had, a er size anda 
double set of sluices would be desirable. Tunnels 
of 5 ft. and 6 ft. were formerly considered to be 
great undertakings, but of late years since the 
introduction of drilling machines, tunnels of double 
bm size are sometimes undertaken without hesita- 
on. 

The general e will be 4percent. The larger 
the sluice the eee grade, ine ter grade in 
a large sluice would be likely not only to off the 
sand, butZperhaps even to iorate the sides and 
pavement of the sluice. Itis desirable to have as 
rapid a e as possible, for this is one of the best 
means of disintegrating the sand and liberating the 
gold to the action of the mercury. A very coarse 





cent, grade to be very difficult to attain and the 
gravel is light, 34 per cent. is sometimes used, It 
is generally an expensive matter to use a low pad, 
since what is not carried off by the water will have 
to be moved by hand. A remedy fora too steep 
grade can always be found, but a too low grade has 
no remedy without great outlay, equivalent to an 
entire reconstruction of the tunnel, and will always 
be a source of — The rule to be followed 
with regard to {the tunnels is, that they should be 
carried as far as practicable in such a way that 
the lowest point on the bed rock can be worked, 
and the main channel should therefore be the 
shortest line of outlet from this point. In any 
case the outlet of the tunnel must from 50 ft. 
to 60 ft. below the lowest point of the bed rock 
(see Figs, 2 and 5, page 353 ante). The exact depth 
will generally be determined by the more or leas 

nature of therock. The lowest point possible should 


“0000 








be sought, every inch that can be gained consistent 
with the proper working should be taken, It is 
difficult, however, to gain more than 60 ft. or 
70 ft., owing to local causes. The length of these 
tunnels will vary from a few hundred to several 
thousand feet. 

The tunnel should be run as near the centre of 
the basin, Fig. 5, as practicable before it is con- 
nected with the surface workings, and should on no 
account be opened on its edge or near the rim rock, 
both because quicksands and poor pay are likely to 
be found there, and because the expense and diffi- 
culties of opening are about as great near the edge 
as at the centre.- The ground opened at the centre 
will last for a long time, while that opened at the 
edge will only last for a short time. e connexion 
with the surface should be made by a shaft or 
incline, which should be as nearly vertical as practi- 
cable, and which should be constructed in such a 
way as to insure ence. The shaft should 
therefore be well secured throughout its whole 





length, This connexion should be made with very 





entered, which has filled the tunnel in a few minutes, 
ae necessitated vom ————— of a = 9 
TO recaution would require the ing of a 
pinay ima ce ahead ary testing 7 of the material ° 
from the hole so formed. If.on being tested the 
ground is found to be hard, the tunnel can be run 
with safety to the shaft. If it is soft, it must either 
be abandoned or else worked with great caution. 
Should it be found that the ground is soft in every 
direction in which it is desirable to prosecute the 
work it will be better to make the connexion be- 
tween the shaft and the tunnel by means of a slope, 
rather than to continue the shaft vertical for its 
whole length. When the work becomes dangerous 
an arrangement must be made in some way to pro- 
tect the end of the slope and leave the water suffi- 
cient time to drain without ers the sand an 
opportunity to move. When this has been done a 
careful survey of the whole ground must be made 


to ascertain the exact spot where the shaft can con- 
nect with the slope. If the tunnel has been made 
perfectly straight this matter presents no difficulty. 

The exact point having been ascertained, the 
shaft or chimney is sunk in the usual way, and well 
secured, If it drains itself the-e will be no difficul 
in going through any sand or gravel that the shaft 
may have to traverse, If it does not free it entirely 
from water, pumping may be resorted to; or if the 

und is moderately firm, a hole may be drilled 
rom the top to the bottom of the t or incline, 
and a drainage outlet to . a oa pie J 
partly to irregularities in the rock, but chiefly 
to a occurrence of quicksands, the shaft of 
one of the mines took four years to sink, and cost 
about 75,000 dols. This experience, however, has 
been profited by in every shaft sunk since then. 

The shaft, if it is designed to be permanent, should 
be heavily and strongly timbered, and lined on the 
inside in such a way that the wear will be upon the 
lining and not upon the timbers. This is especially 
true of the bottom where most of the wear comes; 
and the lining at this point should be of very heavy 
timber. 

In running the tunnels special provision should 
be made for ventilation in case of obstruction, for it 
often happens that the shaft or the tunnel becomes 
clogged, and when the tunnels are very long, as 
was the case with some of those which became 
cl about Smartsville, they may become very 
foul. One of these, where no precaution of this 
kind was taken, was 1800 ft. long; the air became 
80 foul while it was being cleaned, that it was im- 
possible for the workmen to remain any len of 
time in the works. It it always judicious either to 
ide an air shaft or air boxes to ventilate in case 





of accident ; the first cost of the air shaft is greatest, 
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but it is a wise precaution ; in many cases it would 
be wise to provide both. 

The ground should be lowered in every direction 
from the shaft very evenly before working is com- 
menced, or any attempt is made to take off the top 
timbers. If the ground is not even, the shaft, and 
sometimes the tunnel, will become clogged by the 
rash of material, which will often cause great delay, 
and sometimes even danger to life, before it can 
again be opened. J.D. Hange has published the 
following Table giving an insight into the cost of 
some of the important preliminary operations neces- 
sary to the opening of a hydraulic mine, 
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a deficiency of grade; but if water is dear, and 
consequently limited, a high grade is absolutely 


indispensable ; 6 in. every 12 ft. is the best on the 
whole, but some of the best mines work upon 
44 in. to5in. A four per cent. grade is, however, 
generally used, but in case of clay the grade is in- 
creased to from 6 to 8 per cent. Very light gravel 
will sometimes require not more than 1} per cent. 
This is, however, too low. In general terms, ordi- 
nary gravel needs 4 per cent. and coarse gravel 6 
to 7 per cent.; the heavier the gravel, the greater 
the grade, the more water will be required. When 
the position of the sluice beyond the mouth of the 





























Average Grade of Tunnel. 
Length of Reported 
Name of Mine or Tunnel. Locality. a bay i Cost. 
Inches per Sluice | Feet per 
Box. 100. 
ft. dols. 
n eco Woolsey’s Flat 1600 10} in. to 12 ft. 7k 40,000 
No. Bloomfield Humbug Cafion 8000  ‘« wee Ay 500, 
oo? «| Columbia Hill 2200 S = aw 3h Not complete 
English nine . Hill 1400 Bas 7 
American oe Below San Juan 3900 104 ” 14 ” 64 140,000¢ 
Manzanita .| Sw ene 1740 7 BBs 62,000 
Sweetland Creek P ain 2200 ee ., 1. 90,000+ 
Bedrock Below Sweetland . 2600 SO? 4 Mus 
French Corral Corral 3500 8 sy 14 ,, 43 165,000 
* With eight auxiliary shafts increasing the cost, but diminishing the time required... ¢ Not,from official reports. 


After the connexion is once made between the 
tunnel and the surface, the mine will last for a long 
time, This connexion once established the improve- 
ments and additions are easily made. If the chimney 
is very short it may be changed after a little into a 
shaft, or if it is long, it may be worked into a ter- 


race @, which will have the advan’ by the 
fall } up the gravel which is held together 
by av cement. ‘These terraces should be 


arran, so that the fall at the top will be the 
greatest, and the other onesless, In a fall of 100 ft. 
the first terrace should be 30ft., the second 
25 ft,, the third 20 ft., the fourth 15°ft., the 


fifth 7} fe, the last, where the material drops 
into the ft, “It will be seen at once that 
a vertical is nothing more a@.terrace with 
a single a It is; 

engineers whether « single drop or @ sticcession o 
drops are better, It‘ would seem at first sight that 
a succession of drops would bemore likely to break 
the material fine and’ the free than a 


single drop, but engineers are not agreed upon the 
subject. 

As the tunnel must be pushed towards the rim 
rock, this shaft should always have a compartment 
which is water-tight and well ventilated, and also 
perfectly safe, through which the miners may de- 
scend to prosecute the tunnel. It would not be 
safe of course to have this end of the tunnel con- 
nected with the sluice boxes, for a rush of water or 
a stoppage might overwhelm the miners running the 
tunnel tow: the opposite side of the basin. It 
sometimes, though rarely, happens that the lay of 
the ground is such that the préliminary operations 
may be commenced without driving a tunnel; this 
is generally the case if the thickness in the centre 
of the basin is 200 ft. to 300 ft. This may be done 
by arranging ditches so that the mine may commence 
to pay at once, while the permanent tunnel for 
future operations is being driven below. 

When the tunnel is completed and the shaft and 
chimney are connected, the sluices are laid through 
the tunnel, and continued from its end to the dump. 
The sluices are composed of several parts, each hay- 
ing different functions, but all belonging to the 
sluice, and placed in different sections of it accord- 
ing to circumstances. They are known as drops, 
grizzlies, and undercurrents. 

The object of the sluice is to break up the cement 
and gravel by interposing sudden talls, and causing 
the particles constantly to grind against each other, 
to separate all the large stones and unbroken 
material, and finally to give both the coarse and 
fine a of gold opportunity to settle and be 
caught in the quicksilver. The principal require- 
ment for the sluice boxes is a sufficient grade, and 
a construction of such a character that the structure 
will be permanent, but at the same time will admit 
of being moved if necessity requires. 

In laying out the grade, care must be taken to 
—_ for the undercurrents, drops, and grizzlies. 

f there is a plentiful supply of water at a cheap 


rate, this in itself will e up to some extent for 








tunnel has been determined, andthe necessary grade 
for it been perfected, sills at least 4 in) by 6:in..are 
laid 4ft, apart; for a double sluice these should be 
15 ft. long. Posts 4in. to 6 in, square and 3 ft. to 
34 ft. long are then placed in position, and braced 
with pieces of plank Tein. thick.. A piece of board 
8 in, wide is then nailed on thesill from post to post 
to serve as a footway.. This not only allows of 
easily constructing the rest of the sluice, but also 
materially strengthens the structure. The sides and 
bottom of the sluice are now placed in position, and 
are made of 1} in. plank. 

The size of the sluices is determined ‘by the] 
quantity of water they are to use, .A sluice 6 ft. 
wide and 8 ft. deep, with 4 to 5 per/cent. grade, 
will deliver about 3500 miners’ inches;: ohen4fty 


a 


} 
wide and 2} ft. deep, with a 24 per cent. gradewill across 


deliver 1200 to 1500, and ‘the same -with;4:per cent. 
grade, will deliver 2000. miners’ inches, 22:0 st ax? 

The undercurrents will in some cases amake'up' 
for a deficiency of grade, so that the lower ‘the 
the larger the number of ts must be, 
The tunnel sluice itself will constitute the first set 
of the sluice boxes, which may be either single or 
double, according to the size of the tunnel, and 
should be arranged in such a way as to carry the 
largest quantity of gravel. When very large quan- 
tities of gravel must be worked they are made 
double, resting on the same sleepers, with gates 
between them, so arranged that the whole supply 
can be cut off from one and thrown into the other 
indifferently, or that both may be made to work at 
the same time. 

If any part of the sluice should need repair during 
the run, these gates are used, the water being 
simply turned off from a section between two gates. 
Sometimes when it is known that repairs are likely 
to be necessary, a side sluice is built, or the sluice 
made double, and provided with gates in that sec- 
tion. When the sluice is running full of water, 
these gates are held so tight by the pressure that 
they are very difficult to open. A windlass and 
ropes are always provided so as to move them easily. 
Such an arrangement of gates allows one sluice to 
be always clearing up while the other is being 
worked, The water should be deep enough to cover 
the largest boulder which would be likely to be 
sent down, which would make a very great difference 
in the quantity required to wash coarse and light 
gravel. As far as the yield of the gold is concerned, 
it necessarily follows that low grades and a small 
quantity of water yield the most gold. The amount, 
however, cannot always be controlled, as what comes 
must be washed. The danger of using a large 
quantity of water is packing the riffles. 

The length of these sluices will be very variable, 
and will depend on the nature of the gravel, and no 
general rule for determining it can be given. It 
must be decided in each case by trial, though the 
approximate length is easily determined beforehand. 
It must be sufficient to break up the gravel and to 
allow of the fine gold being caught by the mercury. 
If, during the working, assays should show too 





2} ini 
‘the lower part‘of the: block.: These ‘nails-are without 


in position. 


is ex 


time, generally not more 


much gold in the tailings, the sluice must be 
lengthened, As the velocity of the current is high, 
if the sluice was perfectly straight, the gravel would 
be likely to be carried along with but little change. 
It is for this reason never made perfectly straight 
but is curved in a general direction bending from 
one side to the other. Whenever a curve is neces- 
sary it should be made of the largest practicable 
radius; and the sluice should be raised upon the out- 
side, from }in. to | in. according to circumstances. 
This prevents wearing the flume on the outside of 
the curve. Where the planks come together they 
are usually secured by battens nailed over the cracks 
on the outside to prevent the loss both of water 
and mercury. 

The sluice is now ready to receive the pavement 
and lining. The pavement is made either of the 
stones of the country, of blocks of wood, or of iron. 
When stones are used, oval ones are always selected. 
They are placed edgewise, Fig. 14, with a slight 
slant in the direction of the current. They are 
generally from 9 in. to 12 in. thick ; as there is con- 
siderable interval between the stones, this is first 
filled up with gravel in the preliminary working. 
The interstices between the top stones serve as de- 
pressions in which to catch the amalgam. This 

avement is placed in compartments 6ft. to 8 ft. 
one. These are held in place by strong pieces of 
plank which are securely ed across sluice 
at the distances which regulate the length of each. 
This secures, the sluice against the accident of having 
any pe of the pavement get loose, and makes it 
possible.for any-one —_—— to be taken up 
and: repaired at ‘will independent of any other. 
As this pavement for a double sluice weighs about 
8 tons for every 10 ft., the necessity of constructing 
the sluice in the strongest way will be seen. Above 
the pavementa side lining B of 2 in. — or worn- 
out wooden payement. blocks, to the height of 10 in. 
to 15 in., is nailed, to protect the sides against the 
wear of the gravel: ‘This side lining will frequently 
— 2 in. below therock pavement. Upon thisa 
false side lining C, from 6 in. to 8 in. wide, is nailed, 
‘which comes down.upon the outside layer of 
stones, 

The tunnel sluices, and oftem the main sluices, are 

Jewith blocks: Thisipavement is made of 
of pine, Fig.' 15, 12 in. to 18m: ee cut 
the grain, and 10 in. to 12 in, in heig amo 
laid: across the. d secured -by-a pla 
thickness, and 6 , whichis nailed to 


heads, and project-about an’ inch onthe face side, 
Another‘tier of blocks is mow placed in, and driven 
on to the projecting nails, so that they come close to 
the crosspiece. Another crosspiece is then put in, 
and in this way the bottom of the sluice is filled. 
The side lining is now brought down to the tops of 
the blocks, and held there in position; there will 
then be, between each row of blocks, a space corre- 
sponding to the crosspiece 14 in, in width. 

When there is a large amount of heavy material, 
as stone, washed through the sluices, it is necessary 
to have the pavement made of riffles, which run, not 
across, but lengthwise of the sluice ; they are often 
made of wood, and are protected by strap bar iron 
fastened to the top. Such a sluice 3 ft. 8 in. wide, 
with a grade of 18 in. in 12 ft., was used at the Para. 
gon Mine in California. In some cases old railroad 


rails are used for the purpose; these are laid close 


together, and are easily placed, and easily retained 
The advantage of this construction is 
shown by some experiments made at the Morning 
Star claim in California, where three sections of 


flume, each 65 ft. long, were laid at a distance of 


300 ft. from where the bank was being worked. 


The first section was as usual laid with blocks, the 


second with old rails, and the third with blocks. 
When the clean up was made the middle section 


gave 9 oz. more gold than both the others combined. 


Of these three varieties of pavement, the wooden 
nsive in construction, presents the least sur- 
, and lasts but a short 

thirty days. On ac- 
count of the rapid wear, the gold caught in the 
mercury is likely to be ground out and carried away. 


face for catching the amal 


The stone is the cheapest, so far as the material is 


concerned, but is expensive to take out and replace. 
It has a very irregular surface, and, to a given area, 
bas the maximum number of interstices in which the 
amalgam may lodge. It does not wear as rapidly 
as the wood, and is a very advantageous construction 
outside of the tunnel, where there is plenty of space 
to pile the stones during a clean up. It is even a 
question whether, all things being considered, it is 
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not better than wood. Iron riffles have been very 
successfully used; rails are best when they can be 
had. If strap iron has to be used, it is not quite so 
advantageous as rails, though necessary where large 
uantities of small boulders are constantly passing 
disough the sluice, and rails cannot be had. 

The expense of constructing a double sluice, in- 
dependent of the pavement, depends of course upon 
the price of timber. Where it can be had for 
20 dols. a thousand, and no blasting is required in 
constructing the bed, it can be done for 2 dols. per 
foot. A single sluice 6 ft. by 3 ft. cam be con- 
structed for 1.25 dols. per foot. 

Undercurrents C, Fig. 16, page 485, are large flat 
areas of irregular shape, varying from 10 ft. to 35 ft. 
wide, and 30 ft. to 100 ft. long, of a considerably less 
grade than the sluices. These are placed in the 
sluice according to circumstances, at variable dis- 
tances from the outlet of the tunnel, and are 
usually from 75 ft. to 100 ft. apart. The shape of 
the undercurrents will depend entirely upon the 
shape of the ground where they are to be placed. 
They are generally parallelograms, but are often 
triangles, or of irregular shape. ‘The chief thing is 
to have a space of 500 to 1500 square feet, the 
object of which is to catch as large a quantity as 
possible of the fine sand which is being carried 
down, and to treat it outside of, and independent of 
the sluice. This is done by interposing in the 
bottom of the main sluice, boxes 15 in. to 18 in. 
in width. A cast-iron frame is placed in this 
opening, into which steel bars ] in. square and ] in. 
apart are inserted. This under sluice is at right 
angles to the main sluice, and leads to the large 
platform called the undercurrent, The small 
gravel and sand containing gold, which flow along 
the bottom of the main sluice, drop through these 
bars, are caught in the sluice box below, which has 
an incline of about an inch to the foot, and are 
carried with considerable velocity over the head of 
this large platform, which is provided with all 
varieties of riffles. ‘These are arranged in every pos- 
sible direction, so as to interpose an obstacle to 
the velocity of the current, and make the sands 
rest on the amalgam. They are always arranged in 
such a way that by the removal of a few slats, all 
or any part of the riffle bars can be easily taken up. 
The undercurrent itself has a grade of about 10 in. 
to 12 in. per 12 ft., and empties into the main sluice 
at its lower end. As the undercurrent is very wide, 
check boards are placed at its head in order to dis- 
tribute the water and gravel as evenly as possible 
over the whole surface of the platform. As the 
undercurrent draws a considerable quantity of water 
from the main sluices A, these are narrowed gene- 
rally from 6 in. to a foot the whole length of the 
undercurrent, and after passing it are continued the 
same width as before. 








THE PARIS EXHIBITION.—No. XI.* 
Water SuPPLy. 

TuE distribution of water to the Exhibition will 
be arranged in such a way as to supply in each day, 
of 13 hours (the length of the daily service) a 
minimum quantity of 4,412,000 gallons, which can 
be increased to 6,618,000 gallons. This volume of 
water will be divided into two parts, and will con- 
stitute two distinct services, both as regards the 
supply, and the distribution. 

e first service will be furnished from the basin 
which the City of Paris will establish on the Place 
du Trocadéro, and which will serve for a reservoir ; 
it will consist of about 2,206,000 gallons which 
the Exhibition pumping engines will raise, and 
of an almost equal quantity which will be supplied 
gratuitously by the City of Paris. The whole of the 
supply brought to the neighbourhood of the Exhi- 
bition will supply the waterfall, the cascade, and 
the lower basin, together with the artificial streams 
and the aquarium established in the gardens of the 
Trocadéro. The water of the cascade, caught in the 
lower basin, and conducted to the Champ de Mars, 
will be a second time used for the general service, the 
streams and basins of the Champ de Mars and the 
Trocadéro, and the requirements of the exhibitors 
who will not need a higher pressure than can be 
given by this service, which will constitute the 
low-pressure supply. 

The second division, which will be about 2,206,000 
gallons, will come from the lower reservoir of Passy, 
which the City of Paris will place at the disposition 


* In our last article on the Paris Exhibition, see 
441, line 20 from top of first column, the word “come 
metres’’ was accidentally printed for ‘‘ centimes.”’ 








of the Organisation for the water service of the 
Exhibition ; it will be used for watering the grounds, 
and in case of fire for the annexes and the Main 
Buildings ; for the elevators and other hydraulic 
machinery, the principal fountains, and among 
other things for the great water displays in 
the lower basin of the cascade. This will form the 
high-pressure service. 

A pumping station situated on the slopes of the 
right bank of the Seine, in the Exhibition grounds, 
will supply from the river the reservoir of Passy, 
and the basin of the Place du Trocadéro. 

The supply to these two reservoirs will be made 
through a main 23.6 in. in diameter, which will 
cross the Park and the Palace of,the Trocadéro, and 
will be extended to the reservoir of Passy ; a branch 
of similar diameter will furnish the supply to the 
basin of the Place du Trocadéro by means of 
the same main ; this branch will be in communica- 
tion with the return main as wellas with the supply 
pipe. The former is entirely distinct from the 
supply pipe, and will feed the reservoirs during the 
day, and chiefly during those hours when the Exhi- 
bition will be open to the public. 

A conduit of 23.6 in. diameter, following the Quai 
de Billy, will connect the pumping station with the 
23.6in. supply main below the basin of the cascade. 
This branch can be used for the supply of the reser- 
voirs; but not during the hours of distribution. 

A conduit 23.6 in. in diameter will conduct the 
water of the reservoir of Passy into the grounds of 
the Exhibition. 

The water in the basin of the Place du Tro- 
cadéro will be brought by two mains 23.6 in. in dia- 
meter, or by one 31.4 in., according to the conve- 
nience of the water company. 

These conduits, furnished with sluices communi- 
cating with the sewers of the Place du Roi de Rome, 
pass through the underground part of the Palace to 
the cascade, which they can supply at will; they 
are afterwards reduced to two pipes of smaller dia- 
meter placed in a gallery in the axis of the cascade, 
to the bottom of the basin, where, after having 
supplied the high and low pressure fountain of the 
cascade of the basin, and of the central jet of water 
in the latter they are collected in one main of the 
same diameter, which is prolonged across the Quai 
de Billy, the Pont d’Jena, and the Park of the 
Champ de Mars, up to the foot of the terrace of 
the Main Buildings, 

At this eg the 23.6 in. main is divided to the 
right and the left in two pipes each of 19.6 in. in dia- 
meter which surround the whole of the Palace, and 
are reunited on the side opposite the Ecole Militaire. 
From the two mains which follow the quay and the 
Ecole Militaire, four other pipes are led off 5.9 in, in 
diameter, and two others 9.8 in. which are extended 
along the galleries. All these pipes are united 
transversely by a pipe 19.6 in, in diameter placed not 
far from the transverse axis of the Palace. The water 
from the basin of the cascade is taken up a second 
time by two conduits of 19.6 in. in diameter, which 
are extended as far as the fagade of the Palace of 
the Champ de Mars. There they turn at aright angle, 
one to the right and the other to the left, still pre- 
serving the same diameter, and they surround the 
Palace parallel to the high-pressure main. 

From this service to the right of the boiler-houses 
placed around the Palace, pipes of 5.9 in. in 
diameter branch off and divide again within the Ma- 
chinery Halls each into two pipes 3.9 in. in diameter, 
intended to supply the condensing water for the 
engines. These branches will be established con- 
formably to the directions of the engineers. The 
high and low-pressure services can be connected : 

1. By the sluice chamber of the cascade. 

2. By the sluice chamber which is situated below 
the basin of the cascade of the Trocadéro. 

3. By the sluice chamber placed before the 
terrace of the Palace of the Champ de Mars. 

4, By the extremities of the 19.6in. pipe estab- 
lished transversely beneath the Main Building of the 
Champ de Mars. Stop-cocks and hydrants 
placed at the points of intersection of the main 
pipe allow a rapid execution of all the controlling 
operations. 

Moreover, by the general arrangement of the 
main hydrants it is ble to deliver instantaneously 
high-pressure supply to all parts of the Champ de 
Mars and the Trocadéro. A branch 17.7 in. in dia- 
meter from the high-pressure conduit below the basin 
of the cascade is divided into two pipes of 11.8 in. 
in diameter, which distribute the water oy hee. of 
3.9 in. service pipes in the gardens of the Trocadéro, 
and also in the galleries, the two wings, and the 





central pavilion, for watering and washing pur- 


poses. 

Three branches of 5.9 in. in diameter, arranged 
in such a way as to take water from either of the 
three main conduits according to necessity, are laid 
between the Pont d’Jena and the Palace of the 
Champ de Mars, and are intended: 1. Tosupply the 
basins of the park and watering the grounds 
the 3.9in. pipes; 2. For watering the river : 
3. For the watering and the service of the Quai 
d’Orsay. A pipe 5.9 in. in diameter is laid for this 
service along the Quai d’Orsay between the first 
branch of 5.9 in. above mentioned and the Pont’ 
d’Alma. Watering of the gardens will be effected by 
means of hydrants 1 in. in diameter, with couplings 
1.6 in. and branches | in. in diameter. 

In the Park, round the Palace of the Champ de 
Mars, in the Central Garden, and in the — 
which skirt the Fine Arts Buildings, the fire 
will be also made with a pipe 1 in. in diameter, 
but all the hydrants which may be used for fire pur- 
poses will be mounted on branches of 1.6 in. in 
diameter. 

In the interior of the Palace, the fire service will 
be made by means of fire-plugs 1.6 in. in diameter 
with branches of the same size. Cocks 3.9in. in 
diameter for steam fire-engines will be distributed 
over the Champ de Mars and the Trocadéro. 

Pipes 11.8 in. in diameter laid near the Trocadéro 
and the Ecole Militaire will connect the water 
service of the Exhibition with that of the City of 
Paris oe by the Vanne. 
ae ollowing is a statement of the contracts 

e@: 
1. The supplying in place of all the necessary 
materials for the PB comprised between 
the pumping station on the river bank, the reservoir 
of Passy, the basin of the Trocadéro, and the points 
of distribution. 

2. The laying of the mains and pipes. 

3. Removing tiem after the close of the Exhi- 
bition. 

4. The machinery required to raise the water into 
the two reservoirs; in order to distribute it in the in- 
terior of the Exhibition, conformably to the general 
scheme, at the same time as the water raised by the 
oy of Paris for the requirements of the T. éro ; 
and, lastly, the maintenance of the high and low- 
pressure services during the time fixed by the 
clauses of the agreement. 

The contractors have to supply in place under 
the conditions fixed the following materials. The 
figures of the second column of the Tables indicate 
maximum lengths, which contractors are not allowed 
to exceed. ~ 


Mains. 
Diameter. Length. 
in. ft. 
23.6 13,120 
19.6 19,844 
11.8 3,116 
9.8 5,248 
5.9 13,776 
3.9 é 
Sluices 
Diameter Number 
in 
23.6 26 
19.6 AO 
15.7 2 
11.8 17 
9.8 10 
5.9 45 
Gun- Metal Stop- Cocks and Hydrants 
iam umber. 
in. 
3.9 120 
2.3 55 
1.6 420 
1.0 120 


Hydrants for Steam Fire Engines. 
Diameter. Number. 


in. 
8.9 


16 
R ia and wruniing Foes. 
1.06 320 


The contractors supply : 

1. All the necessary keys for working the cocks, 

9. The lead pipes of the different diameters men- 
tioned above for the gun-metal cocks, and in lengths 
sufficient to connect to the mains the cocks 
hydrants already mentioned, as well as to lead 
the discharge water into the drains; they 
also furnish all the elbows, supports, brackets, 
sleeves, branches, and, in short special pieces 
required to complete the distribution, | 
chambers, &c., as well as the different parts of the 
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OBSERVATORY TOWER AT FAIRMOUNT PARK, PHILADELPHIA, PENNA, U.S.A. 
DESIGNED BY MESSRS. CLARKE, REEVES, AND COMPANY, ENGINEERS, PHILADELPHIA. 
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cascade and fountains, as well as all other services 


uired. 
"The company will repair and utilise the mains 
and distributing apparatus formi of the old 
canalisation of the Trocadéro. is material is 
stored in the a pe of the Administration, whence 
the company will have to transport it. It is under- 
stood in relation to this material that the company 
will be required to lay it and take it up again, and 





to restore it in a good condition to the Administra- 
tion at the end of the Exhibition. Besides the 
materials mentioned in the preceding paragraphs, 
the company will have to furnish the service pipes 
and pumping engines for the supply of the reser- 
voirs ; these are also included in the contract. 
The pumping engines will be about 350 horse 
wer, 


The boilers, engines, and pumps of the pumping 











station will all be admitted as exhibits, under the 
same conditions as the other machinery shown, and 
will be qualified for recognition by the judges. 

All cost of earthworks, excavation, restoration of 
the ground, establishment of waste pipes to the 
neighbouring sewers, destruction and repair of 
masonry, interference with the canalisation, con- 
struction of stone channels and the necessary drains, 
will be under the charge of the company. To insure 
@ proper service, such as has been described, 
branches 23.6 in. in diameter, furnished with sluice- 
valves, will be taken from the mains 31.5 in. in dia- 
meter, of the Passy reservoir; branches of the 
same diameter, also furnished with valves, will be 
taken from the basin of the Place du Trocadéro; 
finally, the ends of the supply mains are connected 
to these two reservoirs. Outside the limits of the 
Exhibition, the mains will be laid at a depth of 
55 in. below the level of the ground, and the com- 
pany will have to conform, inall respects, to the 
regulations laid down upon the subject by the Ville 
de Paris. In the Palace and under the cascade the 
mains will be laid according to the instructions of 
the‘engineers, and following the working drawings ; 
either on brackets or supports of cast iron, or on 
masonry piers; all costs of laying, fixing, remov- 
ing masonry connections, furnishing and placing 
wrought-iron supports, and cast-iron brackets, will 
be at the cost of the company. 

The general arrangement of the principal sluice 
chambers is shown on the plan attached to the 
specification ; the company will have to place all 
special pieces, valve work, di sluices, sup- 
ports of every kind, conical pipes, T-pieces for the 
service pipes, and other apparatus for the water 
supply, as well for the sluice chambers as for the 
different portions of the cascade, the sluices of the 
reservoir, and of the Trocadéro basin, and in short 
all the pieces necessary to complete the contract. 

A light planking will be placed in the sluice 
chambers, with a staircase for the accommodation of 
the workmen. A large drawing on the wall will 
indicate the nature of the various operations to be 
performed. The furnishing and establishment of 
frames, gratings, cast-iron plates, and ironwork in- 
tended to cover in the sluice chambers, are in 
the hands of the company; the masonry of the gal- 
leries, sluice chambers, &c., will be executed by the 
Administration, the company will have simply to 
execute the nec demolition and reconstruc- 
tion for the fixing of brackets, supports, &c ; and 
the installation of all parts conu with or passing 
through the masonry. The valve boxes will be con- 
structed in brick. On leaving the sluice chamber, 
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DOUBLE SHEARING, PUNCHING, AND STRAIGHTENING MACHINE. 
CONSTRUCTED BY MESSRS. WAGNER AND COMPANY, WERKZEUGMASCHINEN-FABRIK, DORTMUND, WESTPHALIA. 
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constructed under the basin of the cascade, the 
mains will be laid in the Trocadéro at a depth of 
55 in. below the ground, and at the Champ de 
Mars at a depth of 39 in., excepting at the follow. 
ing points : 

1, In crossing the bridges, where they will be 
laid according the directions of the engineers. 

2. At the occurrence of valves and hydrants, 
where they will be placed at the depth necessary 
for the easy working of the valves by means of keys. 

3. In the basement of the Palace, where they will 
—— in such a way as to be lightly covered with 

4. Between the boilers and the motors of the 
Champ de Mars, and in the galleries of the Troca- 
déro, where they will be laid according to the in- 





(For Description, see next Page.) 
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structions of the engineers. The supply mains in 


the enceinte of the Trocadéro will be laid at a 
depth of only 39 in. below the ground. The water- 
ing and fire-plugs will be of the types approved by 
the Ville de Paris, and according to the instractions 
of the engineers. The installation of each plug will 
include the establishment of a service pipe, of a 
waste-cock, a cock worked by key, and of a branch 
pipe of variable length. The fire-plugs of 1.06 in. 
diameter, as well as all watering and fire-plugs 
placed in the Exhibition buildings, will be attached 
to the flooring of the galleries. All the cost of 
material and labour necessary to fix these hydrants, 
including the cutting and restoration of the plauking, 
the destruction and repair of masonry, when such 
are necessary, Will be at the charge of the company, 





A stop-valve will be placed at each branch to these 
plugs or hydrants, oak a cock wo ked by a key will 
be installed wherever found necessary. The 3.9 in, 
service pipes for supplying the steam fire-engines 
will be Fitted with cocks of the same diameter, and 
worked with a key. The branches of 3.9 in, will 
be in cast iron, and will be terminated by an elbow, 
to which will be attached a vertical lead connexion 
of the same size, which will carry the plug for the 
fire-engine ; this plug will be enclosed in astone box 
made at the cost of the company. 

The pumping-station will be established on the 
slope of the right hank of the Seine, aceori g to 
the instructions of the engineers of the Exhibition. 
In this contract are included the foundation and 
construction of the buildings, the chimney, which 
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will be 98 ft. 6in. high, the boiler-settings and the 
pump-foundations, the installation of the inlet and 
outlet mains, and all apparatus necessary for raising 
the water. The contract also includes all costs in- 
curred in taking up and removing all mains, appa- 
ratus, and constructions included in the contract, as 
well as the restoration of the various places affected, 
to their original conditions, All the materials em- 
loyed will revert to the company at the end of the 
Exhibition, with the exception of that belo: 
to the State, and of which mention has been’ made 
above. 





OBSERVATORY TOWER. : 

Amone the many attractions which surrounded. the 
unds of the International Exhibition of Philadelphia 

t year, the most prominent were the two high obser- 
vatory towers, erected at the beginning of 1876, and re- 
maining a permanent structure. We select forjllustra- 
tion that one standing on St. George’s Hill, Pairmount 


Park, which was designed and constructed by Messrs: | 


Clark, Reeves, and Co., of Philadelphia, the hoisting ma- 
chinery having been supplied by Messrs. Sellers and Co., 
of the same city. 

The tower is square on plan, 28 ft. by 28 ft. on top 
and 55 ft. by 55 ft. at the base, and 225 ft. high; it 
consists of eight exterior and five interior sets of Phonix 
wrought-iron columns well braced together, and of the 
section and dimensions shown on the drawings on page 
498. It rests upon and is bolted to a stone founda- 
tion. The tower contains two elevators 8}ft. by 8} ft., 
worked independently of each other. The engine house 
is on the ground level, and there are four galleries in the 
height of the tower. 

he ironwork is so arranged as to carry with safety 
the elevators and machinery and a load of 1500 persons, 
and it is calculated to withstand three.times the pressure 
resulting from a wind of 100 miles per hour, equal to 
50 1b. per square foot. All the parta are of rolled iron 
so connected as to give,strength equal to the area of. the 
bars and columns. The materialis of Phonix bestiron, 
and the | egy is excellently finished ; all abut- 
ting surfaces are planed or turned, and generally the 
whole is equal to first-class bridgework. 

The foundations consist of piers of solid masonry 
under each column, resting on timber and plank founda- 
tion bedded in concrete. They are capped with cut 
stone and the columns are bolted down to them by hold- 
ing-down bolts, all bedded in cement s0 as not to rust. 

The size of the foundation piers is such as not to allow 
of a pressure of over $ tons per square foot on an up- 
ward pull of wind pressure. 

The lower story of the tower is lined with vertical 
sheathing, and is battened 10 ft. high and roofed with a 
composition and gravel roof. | In it are placed the engine, 
boiler, and machinery. There are two flights of steps 
4 ft. wide reaching to the top, which has an iron railing ; 
a wooden floor is laid over the gravel roef. m this 
level the elevator car starts. The size of this fallery is 
52 ft. square. At the height of 125 ft, there is a second 
gallery 48 ft. by 48 ft. On the iron beams of the framing 
rest pine floor joists 2in. by-12 in. egvered by narrow 
1} in. pine flooring protected with canvas, *painted and 
sanded. The gallery is surrounded bya neat cornice 
and iron railings. At the height of 200ft. is placed a 
landing gallery for the elevator 30 ft. by 80 ft., constructed. 
in a similar way to the second gallery, and at a height 
of 215 ft. is the top gallery, measuring 36ft. by 36 ft. 
Communication is made from this platform to the 
elevator gallery by two flights of stairs 4 ft. wide, with 
hard wood treads resting on iron bearers. The outside 
of the four galleries, the elevator wells, and the sides of 
the stairways are protected by railings of », in. wire; 
the railings of lower gallery, elevator wells, and stairways 
have railings 3 ft. high, and the outer sides of the three 
upper galleries have a close railing of wire 44 ft. high and 
open work 2 ft. higher to prevent persons from jumping 
over, 

The columns are connected together 10 ft. above the 
roof of the upper gallery, upon which is placed an awning 
of canvas secured in the usual way, and arranged so as 
to be removed in winter. 

The tower is surmounted by a flag pole in the centre, 
secured to the middle column and roof framing, and 
running 35 ft. above the floor of upper gallery. 

There is an iron ladder permanently fixed to the tower, 
from the clevatcr gallery to the lowest gallery. 

The elevators placed in the towe: were designed by 
Messrs. Sellers and Oo., of Philadelphia, and arranged in 
such a way that one can be run by itseif in case of any ac- 
cident tothe other. The two cages are 8} ft. by 8} ft. by 
8 ft. high, with a safety attachment to each cage. The 
cages are made of hard wood, neatly finished but not orna- 
mented, with sliding doors, and all openings in them to 
be covered with galvanised wire lattice work. The total 
height of the hoist is 190 ft. Guides are bolted to yellow 
pine timbers 10 in. by 10 in., which were furnished and 
fitted to the tower by Messrs. Sellers, the erectors of 
the tower drilling all holes for attaching-the same. The 
hoisting machinery consists of two 4000 Ib. hoisting ma- 
chimes to each cage, that is, four independent hoistin 
machines in all. These machines are fitted with No. 


nging jing is,.from 60 ft. 





wire rope passing over an equalising sheave at the 
top. of the cage, thus attaching two ropes, to each 
cage. Thecounterbalance ropes are of No. 103 Roebling’s 
best, two to each cage. All the necessary sheaves, shafts, 
and bearings for the ropes, to pass over at top of tower 
are placed on beams arranged by the builders of the tower 
in accordance with the drawings furnished by Messrs. 
Sellers. The four hoisting machines are driven by a line 
of shafting worked by a double engine with cylinder 
10 in. in diameter and 12 in. stroke. The speed of hoist- 
to 70 ft. per minute, with a boiler 
. The exhaust from the engine is 


arranged to’ bi ess, and the chimney about is 30 ft. 
high. We trust!shertly to publish drawings of this 
elevating machinery: — 





. PUNCHING AND SHEARING MACHINE. 

We illustrate on -page 489 a very substantial double 
shearing, punching, aa straightening machine, con- 
structed by Messrs, Wagner and Co., Werkze 
chinen Fabrik, Dortmund, Westphalia, for the Union Com- 
pany’s Iron and Steel Works, at Dortmund. ,The machine, 
which weighs about 15 tons, was constructed for shearing, 
punching, and straightening steel fish-plates of any 
desired length, and of a thickness a, - to 23 millimetres 
(0.9 in.), and with holes up to 30 millimetres (1.18 in.) 
diameter. The bars from which the fish-plates are made 
are brought to the machine in a red-hot -state and 
the fish-plates are completely finished by the ma- 
chine, nothing further being required than to dress off 
the burr left by the punching. The machine is, as 
we have said, double, and each side finishes ten fish- 
plates per minute, : 

The machine is placed directly in front of the rolls, 
the bars leaving the finishing grooves of the latter passing 
over guide rollers to the machine, The first operation 
performed by the latter is the cutting off of the uneven end 
of the bar. The attendant then presses his foot on the 
lever A, thereby bringing the bar against the stop B and 
fixing the length of the fish-plate; the shears E then 
cut the plate to length, and the four or six punches C 
punch the bolt holes. At the same time the block D 
descends and straightens the fish-plate. When the 
punches and shears perform their upward stroke, the 
finished fish-plate remains on the machine until the 
foot-lever A is released, when the stop B is moved out of 
the way, and the bar being thrust forward, the finished 
fish-plate is cleared away. 

The combination of the three operations of punching, 
shearing, and straightening has the advantage of sub- 
stituting one machine for two and dispensing with two 
men, only three being employed instead of five as usual. 
The machine also turns out its work very quickly, and it 
is of good and strong design. 








STEEL SHIPS. 
To THE EpIToR oF. ENGINEERING. 

Srtr,—In your issue of the 9th November last, you 
publish a very interesting report by the Visiting Commi 
of Lloyd’s upon steel, and their observations during their 
th as to its man , testing strains, and use 
in the building yard in the construction of ships; they 
also give the Admiralty tests adopted to all steel as used by 
Her Majesty's Government for he ing purposes ; their 
own opinion that a reduction of 20 per cen . may be allowed 
in main scantlings of ships built with steel of the quality 
they had seen manufactured and tested; they then close 
with some observations about steel as made ten years ago, 
and then follows the new circular issued by Lloyd’s as the 
embodiment of all their practical wisdom gathered during 
this tour, and elsewhere. 

I consider this report and circular to be far from 
satisfactory to either steel manufacturer, shipbuilder, or 
shipowner, by reason of its indecision and mixing up the 
results of steel made by the Bessemer process, and referring 
to the nature of s us made years ago as a ground for 
this indecision, ignoring the fact that the Visiting Com- 
mittee saw material made in Glasgow which left nothing 
to be desired. Gentlemen in their position should clearly 
say so, and give owners all the benefit of building their 
ships with such or like ial without a reservation 
to reduce the scantling at the : i 

For many years past, as you 
cating the use of the best materials for engineering and 
shipbuilding purposes, especi the use of steel, but not 
steel of any kind, as we all know how treacherous much of 
what was called steel some years was when tested, but a 
steel made by the process now known as the Siemens- 
Martin, but which was really invented and patented years 
ago by my old and esteemed friend, the late Charles 
Attwood, of Wolsingham, and which is now eo well de- 
veloped and wrought out by by the Steel Company of Scot- 
land. ing therefore familiar with this process for at 
least ten years, and being thoroughly confident of its 

uality, I was induced to strengthen the opinion of some 
riends in Glasgow, who desired to build a steamer for their 
service upon the River Niger and the West Coast of Africa 
trade generally, but more especially to trade up the higher 
parts of the river, where there are many shallows and often 
snags lodged in sand banks, the two elements under these 
circumstances being light draught, and material of a tough, 
elastic nature to resist blows, or resting upon boulders, 
de. during the navigation of the ri 


river. 

be easily got if Lloyd’s 

would give us the benefit of the 20 per cent. reduction, as 
they indicated if the ship was built of steel, as this would 


eggshell, as 
ugmas- | fuched ‘tbe 


. > 
know, I have been advo- | as 


reduce the weight of material when com with iron to 
something, like 30 tons less dead weight in hull. The 
second I had no hesitation about, as I had seen the 
abel as tested to a tensile strain of 30 tons square 
inch with an elongation of 20 per cent. on a length of 8 in., 
plates also tested upon a hollow dish and a punch 2} in. 
in diameter forced into centre, giving strains similar to 
those experienced when the ship strikes a snag or rests 
upon a boulder in the bed of the river ; these tests show 
that while iron bursts with a strain of 6 tons and a deflec- 
tion of {in., the steel stood a strain of 24 tons with a de- 
flection of 2gin--before bursting. le iron also was 
twisted into.a corkscrew form, bent over in every direction, 
and fla‘ in all ways, that no iron of the best quality 
I have seen could e . If all our ships were built of 
such material suré,I a would not suffer constantl 
from so many fearful | d anxieties, when von | 
steamers as the City of Bostow lin, and kindred ships 
are overdue and missing, nor brave men fear to risk 
their lives in going to the rescue of ‘their fellows in distress, 
in case their brittle cast-iron hulls may be cracked like an 
occurred the other week when the steamer but 

hull of the distressed ship, and in a few minutes 
went down 


herself. 
My friends decided after mature consideration, that to 
build the steamer of steel would involve a large increase in 
parst cost over iron, yet with an allowance of 20 per cent. re- 
Pauction in weight, and the other advantages named above, 
they resolved to obtain tenders, and submitted their ideas 
‘toiseveral first-class builders. The result was that on the 
ns being submitted to Lloyd’s in the usual way, they 
re returned with the Committee’s decision and ac- 
ying letter to the builders, through their surveyors. 
a little fair discussion will be of importance on this 
quest: and your readers will see from the Table of 
scantlings annexed how very far Lloyd’s fail to give the 
reduction of 20 per cent. as promised, and which the 
ial justifies, even to a reduction equal to 25 per 
cent., where compared with the great majority of iron 
now used in the construction of ships, which I fear will 
not stand more than 20 tons per square inch, if even that. The 
result of the Committee’s decision was to make my friends 
decline to build in steel, and they have contracted to build 
in iron, as the much higher price, without the compensation 
sought, light draught, could not be obtained. This result 
was come to with great regret, as Sa eer have been 
able to go further up the river, and thus open up still more 
the resources of ica, but this we’ must wait for till 
Lloyd’s people gain more confidence in the material and 
themselves. 
_ This being the case, I would upon the different 
interests involved to unite in using their influence to obtain 
@ more equitable understanding upon the use of steel than 
we seem to have at present. e public—that great mass 
—have a collateral interest in it as to their personal safety, 
and the safety of their commodities carried by sea; but 
the steel manufacturers of the country are pan ad interested 
in haying their interests handicapped in such a way that 
there is no definite fixed law to which they canabide. The 
shipbuilder also has an interest in agg | his ships with a 
first-class material which is uniform, and to be depended 
upon, not as at present with one having no certainty, and 
which, when‘all workmanship has been put upon it, may be 
at last condemned for defects of lamination orcrystallisation, 
or tearing asunder when bending some of the parts. The 
workman also has an interest in having material that will 
not give}way after all his labour has been expended, he being 
thrown idle till it is replaced, as is often the case. The ship- 
owner has a most important interest, especially the steam- 
ship owner in these times of low freights, and indeed at all 
times, for if he can build ships of the same tonnage capa- 
city with 25 to 30 per cent. less dead weight of hull to 
transport a Bed a and forwards, he can carry clearly 
this much more profitable weight as cargo upon which he 
earns money, if not, he can use less horse power of engines, 
less weight, less capacity for engines, boilers, and coal, 
thus giving here again more profitable cargo space, and 
money saved by using less coals. 
That an may have every facility to lay information 
before the public and enable zen to_ discuss the question 
fully, I send you a copy of the midship section of the 
steamer referred to, as submitted to Lloyd’s ; this shows 
the pen of iron for 90 A 1 marked black, the scant- 
lings of for 90 A 1 marked blue, and Lloyd’s altera- 
tions marked red.* I also send you asheet with the two sets 














of scantlings contrasted tabularly so that you can read them 
off at once; the one line is the scantli for 90 A 1 iron, 
the other is the scantlings for 90 A 1 in steel as decided upon 


by Lloyd’s Committee ; the third line shows the percen 

with iron, as allowed by the Committee for this 
steamer, and to complete the information I subjoin a copy 
of a letter accompanying the section from Lloyd's 
addressed to the surveyors and submitted to the builders. 


Lloyd’s Register.of British and Foreign Shipping, 
2, White Lion-court, Cornhill, E.C., Nov. 1. 1877. 
Gentlemen,— With reference to the case of the twin-screw 
steamer proposed to be built of steel by Messrs. A. Stephen and 
Sons, I am directed to —— you that vided the scantlings 
and arrangements on the sketch of midship section, as amended, 
be conformed to, and the rules in all other respects be complied 
with, the requirements of the accompanying Circular 379 be 
carried out to your entire satisfaction, the workmanship through- 
out to be of a superior description, and the vessel be favourably 
reported, she will on completion be worthy of the favourable con- 
sideration of the Committee to be classed 90 A as contemplated. 
A circular letter in reference to the survey of steel ships build- 
ing — survey for classification will be forwarded to you in a 
ay or two. 


* [As it would be impossible to distinguish the different 
by colours in an engraving, and as it would scarcely 

be ible to distinguish them clearly in any other way, 
we have not prepared an engraving of this midship section. 
The Table annexed will we think explain the points at 








issue sufficiently, —Ep. E.]} 
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Twin Screw STEAMER. (192 Fr. By 26 ft. By.12.4 FT.) 
Comparison of Scantlings and Percentages between Iron and Steel. 
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I have to request that you will ascertain as early as possible the 
facilities which exist in the establishment of the builders of this 
vessel for carrying out the test uired by the Committee in 
accordance with Circular No. — w will be sent to you to- 
morrow. 

I am further to state, in reanaet to.this case, that hold, beam and 
stringer plates should be fi in way of the raised quarter-deck 
as required by the Rules, and the reverse frames in way of the 
same should be extended to the hold beam stringer and ra‘sed 
quarter-deck alternately. And the floors in the engine and 
boiler spaces are to be increased 4, in, in thickness, as required 
by the Rules. 

The sketches sent, relating to this case, are returned here- 
with, and I am to add that when the builders have decided 
whether the vessel in question is to be built of steel or iron, a new 
sketch of midship section should be forwarded to be initialed. 

I am, Gentlemen, your obedient servant, 
(Signed) R. GrLLEsPiz, Assist. Sec. 

The Surveyors, Glasgow. 

I would call your attention to one clause of the letter 
which, as a practical shipbuilder, I think very 
and unfair upon the shipbuilders, viz., that in which the 
Committee request the surveyors to ascertain and report 
‘*as early as possible what facilities exist in the yard of the 
builders of this vessel for carrying out the tests required 
by the Committee, in accordance with the circular, which 
will be sent you to-morrow;” speaking for myself I think 
this will act against the speedy adoption of steel. Lloyd’s 
Committee know well there is not a testing machine in one 
out of a hundred shipbuilding’ in the kingdom; that 
ships are now, as they know, all built by contract, or piece- 
work as it is otherwise called ; any such plan as they by this 
letter indicate cannot be carried out with profit to ei 
masters or men. We who have had experience in buildin 
know how serious a matter it is, when a plate is condemne 
under the present circumstances from some defect in manu- 
facture ; but is this system to be insisted upon, that every 
builder is to erect a machine in order that Lloyd’s surveyors 
may test any plate or angle at any time and manner they 
choose by taking a plate manufactured for the particular posi- 
tion and form, cut a piece out of it, thus rendering it worth- 
less, while one or two squads of platers may be laid idle, till 
a new one to replace it is obtained, which may be a week? 
How can such a method be sanctioned in the present state 
of shipbuilding ? The men will not be got to contract with 
such contingencies before them, nor will masters undertake 
contracts to be delivered in a specified time, without an 
increased price to cover such risks. This steamer under 
discussion is contracted to be delivered at a certain time 
under penalty, but which will not, I hope, be delayed by 
insisting upon such a law, if it is, the result will be, that 
in future there will be anether added to the strike and 
lock-out clause, now inserted in every contract, the new one 
being : ‘‘ except through delays caused by Lloyd’s surveyors 
testing, and condemning plates, angles,’ &c. I speak 
not of the cost of-such an idle unproductive machine, 
— must be kept in the highest condition to be of any 
value. 

But why do Lloyd’s wander from the facts and informa- 
tion given in their own report, when they inform the 
Committee that the material made by the West of Scotland 
Steel Company can be and is manipulated in the furnace 
so that its quality can be determined before its being 
rolled, and that the practice of the Admiralty is, and it is 
one of the most common-sense nature, to keep inspectors 
at the steel works to see the plates, angles, &c., tested 
before leaving their works. Depend upon it, all experience 
goes to show that the less unnecessary time, trouble, and 
expense such powerful societies as Lloyd’s give to manu- 
facturers, builders, and workmen, the better it is for all 
concerned, and such results will be obtained by their 
following the example of the Admiralty in this respect. 

If these remarks lead to a fair discussion upon this the 
most important question connected with the future of the 
steel trade and mercantile marine of our country, and 





bring about an adjustment of the various points indicated, 
my object in writing you will be =. 
EORGE W. JAFFREY. 


Greenock, December 6, 1877. 





NOTES FROM SOUTH YORKSHIRE. 

d te SHEFFIELD, Wednesday. 

Discharge of Ironworkers at Shefield.—On Saturday 
last the whole of the puddlers, shinglers, &c., of John 
Brown and Co. (Limited), and of Charles Cammell and Co. 
(Limited) were discharged, and as yet no negotiations have 

m opened up. 

The Dronfield Bessemer Steel Works.—Messrs. Wilson 
and Cammell, the proprietors of the Dronfield Steel Works, 
near Sheffield, are taking advantage of the annual holidays 

make various alterations and improvements of their 
plant. The present rail mill is being moved further from 
the Bessemer house, so as to make room for a more power- 
ful new engine, and other changes are being made to enable 
rails to be rolled in double lengths. 


The Aldwarke Main Colliery.—At the Aldwarke Main 
Colliery, near Rotherham,.belonging to John Brown and 
Co., of Sheffield, the two near shafts to the Silkstone seam 
are making good progress. Each shaft is 18 ft. in diameter, 
and will in all probability have tobe sunk to a depth of 
500 yards. At present one shaft has reached a depth 
from the surface of 230 yards, and the other about 150 


A New Colliery near Treeton.—The Rother Vale Col- 
lieries Company is now sinking a new colliery in the neigh- 
— of Treeton, on land belonging to the Duke of 
Norfolk. 


A Year’s Bessemer Steel Working.—It is stated that at 
the Phoenix Bessemer steel works of Steel, Tozer, and 
Hampton (Limited), upwards of 65,000 tons of steel ingots 
have this year been made, and 46,000 tons of steel rails have 
also been rolled. Considerable additions to the machinery 
plant are now being made. 


Water Supply of Dore, near Shefield.—The inhabitants 
of Dore, in public meeting assembled, have y wre ofa 
plan for forming the township into a special drainage dis- 
trict, but recommend that the sanction of the Local Govern- 
ment Board be not obtained until it be known whether the 
water of the Sheffield Company will be brought to Dore. 
At a subsequent meeting of the rural sanitary authority, it 
it was made known that the Sheffield Water Works Com- 
pany had agreed to supply the township from their mains, 
oe arrangement to be completed in about nine months 

ence. 


Since January last prices have fallen, the trade has been 
depressed, wages have been lowered in several branches of 
and some works which had been working irregu- 
larly have been entirely closed. The pomp of. good 
news worth ing to during the year was the opening of 

aughan, and Co.’s new steel works at 

h. These works have proved a com- 
in a short time a thousand tons of steel 
out every week. 
‘Shipbuilding.—There is a good deal 
i on and marine engineers are fairly 
uring : — an a a been actively 
engaged, some of them having a vier tonnage 
than on any previous twelve months. 

The Coal and Goke Trades.—Owing to the unfortunate 
difference on, the wages question in Northumberland the 
coal and trades of the North remain in a disturbed 
and unsa‘ state. It is hoped that some amicable 
settlement ed. 









-» NOTES FROM THE SOUTH-WEST. 
Dowlais.—At Dowlais the large rail mill, the plate 

and the well-known “ Cuba’’ have been , e 
a Wanes 


will afford = 
able t sort of shift until the 
wine 


The Distress in Dean Forest.—Public relief works were 
commenced on Wethewey in Dean Forest. The first 
composed of 60 of the unemployed miners, started at 

road improvements. Their wages are to be Qs. 6d. per day. 
The number of men — will be largely increased as 
they present themselves. Bread is being distributed to the 
destitate, and this will be continued for several weeks. 


Newport Tramways.—On Thursday an official inspection 
was made by Colonel Rich of the extended tramway in 
Commercial-road, — He was accompanied by the 
borough surveyor and by Mr. T. Dyne Steel, the com- 
pany’s engineer. The tramway has had to be formed over 
one of the railway crossings near Frederick-street, and the 
main line was not allowed to be cut. However, the diffi- 
culty has been successfully overcome, and Colonel Rich 
gave his sanction to the extension being used, In future, 
therefore, the cars will run the whole length of the line 
now formed. 


The Abernant Tunnel.—Colonel Rich, the Government 
inspector, has lately visited the Abernanttunnel. The 
tunnel is being bricked (18 in.) all through. 

Weston-super-Mare Water Works.—An extraordinary 
pay Ho the shareholders of the Weston-super-Mare 
Water Works Company, held’at Bristol on Wednesday, 
a an ant by whieh the “gga ge sg 

erg mg company’s works, R , for 
65,0002. to id in debentures secured cma the rates of 
the town, with the rights of the town to redeem the bonds 


mill, 
rr) 


be 
at six months’ notice 





Tus Lrqupraction OF Oxycrn.—On Saturday last 
the li of was for the first time accom- 

ished. The su experinenter was’ Professor Pictet, 
of Geneva, who accomplished the liquefaction of the gas 
at a temperature of 100 deg. Cent., and under a pressure 
of 320 atmospheres. 





THE CIVIL AND MgcHANICcAL Enainuers’ Socrery. 
—The first meeting of the session took place on Thursday 
evening at 7, Westminster Chambers. A vote of thanks 
having been accorded to the retiring President, Mr. R. 
W. Bancroft, the President, Mr. H. Valpy, read the open- 
ing address. 





PHOsPHOR-BRONZE.—The Times in its naval and mi- 
litary intelligence says : “‘ It has been usual to employ copper 
or gun-metal for the manufacture of tools used in connex- 
ion with explosive materials, from the supposed inability of 
those metals to create a spark of fire, but experiments 
have recently proved that sparks can be preduced by fric- 
tion from both gun-metal and copper, and that the alloy 
known as phosphor-bronze is the t liable to that infir- 
mity of all the materials considered suitable for the purposes 
required. For the future, therefore, it is o; that all 
laboratory knives, scissors, needles, and other articles used 
in the manipulation or manufacture of gunpowder are to 
be made of phosphor-bronze.”’ 


New ZEALAND Coa1.—Coal from the Greymouth Com- 
pany’s mine in the province of Otago (New Zealand) ignites 
far more rapidly than Newcastle coal, and very little of it 


Railway Alterations at Clay Cross and Belper.—The | is required to make a pleasant fire. Mr. James Lees, the 
Midland Railway Company are effecting great improve- | lessee of the Bruce Coal Company’s reserve at Akatore, 
ments at their Clay Cross station, which is being enlarged | has succeeded in completing a tunnel of 18 chains in length 


and extended in various directions, alterations now includ- 
ing separate “‘roads’’ for the main line and Erewash 
Valley trains. At Belper the new station is progressing, 
but will not be ready for opening until March instead of at, 
the beginning of the new year as had been expected. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 

MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The meeting 
the iron trade of Cleveland will not be held till to-morrow 
(Thursday) on account of the Christmas holidays. There 
is next to nothing doing at present. Most of the works 
have been closed till the beginning new year. A 
retrospective glance at the past twelvemonth’s trade is not 
encouraging, and any prospective view is most uncertain. 


through a hill on the reserve from the site of the workings 
to the other side of the hill. The tunnel will enable him 
to profitably work a seam of coal, a tramway from which 
is in course of construction. The tramway, when com- 
pleted, will be 50 chains in length, and one portion of it 
will consist of a ey 25 ft. high and 125 ft. long. The 
present Bruce Coal Company was formed with the object 
of undertaking this work, without which it would not have 
been possible to protitably work the extensive coal-deposits 
known to exist on the reserve ; but, after due consideration, 


of | they resolved to lease the reserve to Mr. Lees, who was at 


the time their'working manager, for a term of ten 
onan dooce er meee 
wa: ion 

dianlh tohmn of. Nasedbone. : coke can be made 


Excellent 
the coal. Mr. Lees calculates that he will be able to 





liver coal in Milton at 14s. per ton. 
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HORIZONTAL NON-CONDENSING ENGINE. 


CONSTRUCTED BY MESSRS. TANGYE BROTHERS, ENGINEERS, BIRMINGHAM. 
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In the course of our account of the late Smithfield | ample illustrated having a 10-in. cylinder with 12-in. | shaft with wall bearing and disc crank of their former 
Show we noticed briefly a new type of horizontal engine | stroke, and being rated by the makers as 10 horse power. | well-known type. 
of which several examples were exhibited on that occa- | Messrs. Tangye have given to their new type the name The general design of the frame is very neat, and will 
sion by Messrs. Tangye Brothers and Holman, of Lau- | of the “‘ Soho” engine, and it will be seen that it is of a | be at once understood from our engravings. As will be 
rence eutedenn E.O., and we now give, as promised, | self-contained pattern, a cranked shaft with bearings on | seen, the crosshead guides are formed by the upper part 
engravings of one of these engines, the particular ex- | the engine frame being employed instead of the straight | of the frame above the piston rod, the crosshead blocks, 
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HARRISON’S RAILWAY 
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which clip the guides between them, being held together 
by a pin formed on the upper side of the crosshead, and 
furnished with lock-nuts at its upper end. As will be 
seen from Fig. 3 this pin is hollow, and forms an oil cup 
for supplying the bearing at the small end of the con- 
necting rod. The connecting rod and eccentric rod are 
each of cast steel and of J section. The pattern of the 
former will be understood from Figs. 2 and 3, and it will 
be seen that the brasses at the small end are adjusted by 
a transverse wedge. The feed pump is worked by a 
prolongation of the valve spindle through the back end 
of the valve chest, the pump being arranged so that it 
can be readily detached when an engine without a pump 
is required. The flywheel is, of course, overhung, and 
it can be placed at either end of the crankshaft, the latter 
projecting an equal distance beyond either bearing, 
although in Fig. 2 it is shown broken off short on the 
lower side of the figure. As we mentioned in our former 
notice, there is a sheet of zinc interposed between the 
bedplate and the foundation, this sheet being dished 
below the crank, so as to form an oil catcher, while it 
also serves as a template for use during the erection of 
the foundation. 

The bearing surfaces are all very large. Thus in the 
engine we illustrate, which has, as we have said, a 10 in. 
cylinder, the crank pin bearing is 3} in. in diameter by 
5 in. long; the crankshaft bearings 34 in. in diameter by 
" in. long ; the small end bearing of the connecting rod 
1jin. in diameter by 4}in. long; while the crosshead 
slides have a bearing area of 483 square inches to resist 
either upward or downward pressure. Altogether Messrs. 
Tangye have produced a very neat and serviceable type 
of engine. 








HARRISON’S COUPLING. 

We illustrate above a very convenient arrangement of 
coupling for railway wagons, &c., which has been designed 
and patented by Mr. Richard Harrison, of Union Chambers, 
Grange-street, West, Newcastle-on-Tyne, our engraving 
showing the arrangement as fitted toa shunting engine 
employed at the steel works of Messrs. John Spencer and 
Sons, of Newburn, near Newcastle. Mr. Harrison’s ar- 
rangement is so simple, and will be so readily understood 
from our engraving, that but a brief description will be 








necessary. As will be seen, a shaft is carried across the 
frame of the engine, this shaft carrying a couple of 
curved arms, so placed that when the shaft is partially 
rotated, they catch against horns formed on the sides 
of the coupling link, and raising the latter throw its end 
over the draw hook of the wagon to be coupled. Simi- 
larly, by means of the arms, the coupling link can be 
raised out of hook, and a wagon uncoupled. In the case 
of the engine we illustrate, the apparatus is operated by 
means of a hand-lever conveniently placed within reach of 
the driver, who can thus couple or uncouple his engine 
without assistance, thus effecting a matertal saving of 
labour in shunting operations about the works. 

In the case of wagons the cross-shaft already referred 
to simply carries a hand-lever at each end, so that the 
coupling or uncoupling can be effected without there 
being any necessity for a man to go between the wagons. 
When considered necessary that a man shall be able to 
work the coupling whilst he is standing on the buffer, a 
chain is attached to the lower end of one of the hand- 
levers at the end of the cross-shaft, the upper end of 
the chain being fixed by a staple to the wagon end at a 
convenient height for a man’s hand when standing on 
the buffer. By pulling on this chain wagons can be 
coupled or uncoupled by a man riding on one of them. 

It is sometimes a convenience in making up trains that 
the shunter shall be able to raise his link before the 
wagons are pushed up, and leave it extended whilst he 
runs on toattend to other work. This is effected by fixing 
a small hook, or other suitable catch, close alongside 
the buffer (where it is completely out of the way) on to 
which the chain may be hooked after raising the lever. 
When the wagons are buffed up the shunter has merely 
to slip the chain at his convenience, and the link falls, 
thus coupling the wagons. By adopting the simple 
method of raising the coupling link by means of curved 
arms two objects are gained. Firstly, the lifting gear is 
completely detached from the coupling proper, and is, 
therefore, subject to no jars or strains when running. 
Secondly, as the nose of the link is not constrained to 
follow a fixed path when lifted, it may be uncoupled 
from any form of hook, and without the wagons being 
buffed close together. In fact, with the couplings at 
present in use it is found as easy to uncouple with a 





COUPLING. 


space of 8 in. between the buffers as when they are 
touching. 

The reason of this is obvious, the curved arms act as 
an ordinary lever in raising the link when it is free, but 
should the nose not be clear of the hook (either through 
the beak being turned back some distance, or the wagons 
being further apart than usual), and be thus stopped in 
its upward course, the arms, owing to their form, act as 
a cam and thrust the link forward till it is clear of the 
beak when its upward motion isresumed. On continuing 
the motion of the arms a little more, they form a steep 
incline sloping towards the wagon to which they are 
attached. The coupling link slides on its horns down this 
incline, so as to let it fall clear of the opposed hook when 
the hand lever is let go. 

Of course the distance apart at which wagons may be 
uncoupled is limited by the length of the link, which is 
fixed by the height of the draw-bar above the rails, To 
enable the coupling to work well on inclines, and when.a 
heavily loaded and a light wagon are to be coupled a 
large margin of lift is given to the link. Where — 
tionally sharp curves are to be traversed the nose of the 
link is made wider in due proportion to enable coupling 
and uncoupling to be accomplished with certainty. 

The whole apparatus is designed so as to require little 
labour to fix new} couplings to wagons, and so that the 
risk of any portion shaking loose is reduced to a 
minimum. To fix a new coupling it is merely necessary 
to bore two holes for Zin. bolts in the headstock, bolt on 
the bearing, slide the shaft into place, fix it by 
inserting the split pinsin the. bearing pin on the hand 
levers, remove the old coupling chain, and lace it 
with the new link, which is attached to the draw-hook by 
means of the old bolt used for the chain. To prevent all 
risk of the curved arms shaking loose they are now 
forged solid with their shaft, and all other fastenings are 
made secure by split pins. 

Mr. Harrison’s coupling has been in work for some 
time on the engine built by Messrs. Black and Hawthorn 
for Messrs. John Spencer and Sons, illustrated by us on 
page 320 of our twenty-second volume. As there stated, 
this engine has to traverse 75 ft. curves, and has to haul 
trucks, coal corves, bogies, and stock of all descriptions. 
Under these severe conditions the coupling has, we are 
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informed, given complete satisfaction, and we hear that 
it is a great favourite with the men, as it saves both time 
and labour. 

Altogether we regard Mr. Harrison’s coupling as one 
of the best arrangements of its kind yet brought forward, 
and quite apart from its use on railways generally, we 
believe that there is a larger field for its advantageous 
employment in shunting engines and contractors’ locomo- 
tives, the apparatus being arranged to be worked by the 
driver as on the engine we illustrate. 








PALACE CARS. 

Tae New York Nation in a recent number publishes 
the following interesting criticism on that American in- 
stitution—the Pullman palace car : 

The palace car is a characteristic of ovr national 
ea rene a 

@ ome, wi 
is not to be dreaded either in home or calling, pogere. 
nation is ever in restless The shrewd, industrions, 


intellectual Yankee farmer of New England is fast dis-| journ 


appearing, ill replaced by coarser-fibred imported Hibernian 
material ; the American pioneer blood which brought into 
rough subjection the fertile West is almost gone, replaced 
—and here well replaced—by the heavier ened stock ; 
and similar movements are going on in Pennsylvania and, 
on a smaller scale, in other parts of the Union. In fact, a 
large part of cur poote ever turning over in its head the 


advantages of somewhere else. “Besides this, business in a 
large part of the country is mainly transacted h 
‘travelling men,’’ who are constantly on the road. 


palace car is a natural result of all this. It bears some 
softened traces of the Mississippi steamboat style, which 
was our first national attempt at democratic splendour. 
It has its peculiar school of manners, and not a one, 
whose principal feature is the duty of being always ready 
to chat with your male fellow-travellers. 

Asa steady place of abode it has many faults, but on the 
whole it is far more comfortable, in the poorer portion of 
the country at least, than the average small , or in- 
deed than the home of most of its occupants. The atten- 
tive coloured servant, and, above all, the cookery of the 
dining-car, are scarcely found elsewhere in many States. 
We have been in a town of over a thousand inhabitants 
where no book or New York paper could be bought except 
at the cars, and in “ cities’’ where there were no toilet 
accommodations to compare with them. In localities where 
half an hour or more is usually s in slowly frying the 
thin beefsteak or boiling the m coffee, the palace cook 
is a missionary of health and joy. These advantages, and 
the great saving of time by night travel, are well recognised, 
and every year the number of these cars 3 80 
that their management is a matter of national importance. 
We notice this year one or two improvements, and espe- 
cially this: that the dining it the only places 
where one can get a well-cooked meal nd the Missie- 
sippi, or, indeed, a tolerable cup of coffee—have come into 
use on nearly every through line. The Pittsburgh and Fort 
Wayne — is almost the only great road where we have 
lately been aroused to breakfast before daylight and 
dinner before noon; but the eastern roads are in this, as 
in many other points, still inferior to the western ones. 
Another convenience that has come in at the west is that 
the porter, before reaching the end of a road, takes orders 
for palace cars beyond, and telegraphs them without 
trouble or expense to the traveller. 

There are still many tate, however, in which these cars 
are imperfect, and it is to some of these that we wish to call 
attention. Their primary use is for sleeping, yet most 
persons find their first night or two in them painfully 
wakeful, and look on their title—‘‘ sleepers’’—as a whim- 
sical stroke of American irony. The lower berths are 
much the most convenient; yet, unless the traveller goos to 
the unusnal expense of buying a whole section, he is 

robably waked in two or three hours by their closeness. 

is could be easily remedied by a light rod on the edge of 
each berth, holding the curtains off a couple of inches from 
it, so as to allowa slight upward draught. We have found 
by experience that this kept the air tolerable, and it could 
be introduced with very little expense. There is also a 
frequent carelessness in providing buttons to secure the 
curtains and protect the privacy oi the sleeper, which can be 
readily remedied. The upper berths are better ventilated, but 
the gap is so wide above the curtains that they are full of 
= and noisy with snores. This, again, could be easily cured 
y carrying the curtains to within 3 in. of the roof. Another 
trouble is that travellers are driven by the dreary darkness 
of the car in the early evening to go to bed before their 
usual hour, and, indeed, directly after supper, and so the 
difficulty of sleeping is increased. There are usually but 
three high-hung candles for the main room, with perhaps 
a score or more of persons init. This is quite unnecessary. 
There should be a chandelier or bracket with several 
candles ready to insert just overhead iu epch section, so 
that reading or playing ecards could be mude possible. The 
old evil-smelling lamp, with its glaring ‘reflector, has, 
fortunately, been abolished in all but a few ill-cared-for old 
Pullmans ; but something is. needed in ita place, and the 
above arrangement would be simple. and. conyenient. 
After travellers have gone to bed there should:be no lights 
except those at the — of -the.car, for the present way of 
leaving the middle ones lighted is very di ble in the 
upper berths. Another point is that there should be less 
heat in the night. The porters too often make up large 
fires, to last night, and go to bed untroubled by the 
nightmare of the guests. They should have thermometers 
anl be forced to | ome the temperature in the vicinity of 
50 deg. This would not remedy the whole trouble, for the 
ventilation = are too small, but with higher curtains 
no objection would be made to their being all wide open. 
This ventilation annoyance is one of the most serious 










difficulties of the palace car at all times. In summer the 
drawing-room car is frequently hotter and closer than the 
common car, and manyavoid it on that account. The openings 
in the monitor roof are quite too small. The large windows 


of some of the best drawing-room cars, for. inexplicable 
reason, only opena few inches, andare screened 
from entering cinders ; and they are ited, so 


that when open they have their wide just against 
the pleasantest part of the view, and the ‘air-current 
blows right in your eyes. This t in ventilation 
should be considered in the constructi new cars ; and 
so should some more efficient system Of springs, for the 
palace cars are frequently no better now than the 
ordinary cars on the road, and the jamais the cause of a 
great part of the fatigue. The chairs ‘ge, of course, the 
principal feature in the drawing-room and their con- 


















struction is all-important to comfort, we never sit 
down in one without asking ourselves wi the persons 
who order them have any definite i dombort, or 
are not, like the brakemen, too young;, », and:unused 


to sitting down, to care anything about . > Most of 
the chairs of recent date are too small inthe seats for any 
ey of over two hours ; they are defective, too, 


in having no support for the head, amery ah 










of the person which 's weariest in prolonged sitting, 
which is most difficult to provide for in attempting totake a 
nap. Whatever railroad managers may think, a nap is, how- 
ever objectionable in church, a perfectly innostat, and indeed 
la e, indulgence in a car. The contortions which un- 
fortunate passengers, and especially invalids, have now to 
undergo in order to get into a sleeping posture are discredit- 
able to both Wagner and Pullman and their families, The 
back ought to be 6 in. higher, and the diffi about cleanli- 
is readily met by a small linen cover, which, however, 
it may be proper to add, should be washed before each trip. 
The of the chair also seems to be the concep- 
tion of a thoughtless young brakeman. Spring-bottomed 
ae sae eee a , because 
the is too hard, repairs e ive. 
iowa omy ne ‘ortable when new and in quek outer, 
but they are so incessantly flopped into by persons of both 

















sexes who weigh 200 lb. and upwards, that the springs 
are soon ~alaend, and the seat becomes a kind of | la 


round trough, in which you are jammed down, with a hard 


wooden bar passing er’ your ‘legs just above the knee, 
impeding the circulation rot | benumbing & great sciatic 
nerve. @ Spri should be all torn-out, and replaced 


by a good clean and cool cane bottom, or else a wooden one 
with a hair cushion, which can be made over at small cost 
whenever it gets hard. Butall these things ought to be 
looked after not by ‘a mechanical engineer or a prominent 
financier, but by someone who gives: thought to personal 
comfort, which apparently but few persons connected 
with rai have ever done, The ~~ for dis- 
posing of one’s clothing, i in sleeping-car 
are evidently devised by brakemen, as they consist of one 
hook for each person, so high! up as to be only accessible, 
without considerable difficulty and danger, to a practised 
t under forty-five. There ought to be arail or small 

for this purpose let down in each berth, which also 
would increase the security a t theft. Some Scrip- 


tural texts and sayi of > t 
ing and snoring in dive eee dating 


the practice of | 
sleeping hours, ought*tée be inscribed on the glass of the 
lamps or other conspicuous place. ; 
As a general thing there is no trouble to be found with 
the porter, except in the overwarm fire at night, and we 
have fancied that more carefully watched lately. He well 
earns his small fee. Perhaps in time the etiquette of the 
train-pedlar may be less rigorous, and he may not be so 
unfailing in his interruptions, or so certain in his rebuke 
of persons who are not willing to have his weekly papers 
thrust on them. But this is anticipating too much, pro- 
bably. One thing might be more extensively introduced 
on trains which, like some of the northerly trains from 
Boston, carry p gers in the excursion season for five or 
six hours without a break, and that is an arrangement by 
which the porter could supply passengers with ices ora 
light lunch in their seats without any bother, as is now 
done between Philadelphia and New York, and between 
Philadelphia and Washington, if we remember rightly. 
Every year we travel more, and to many these little details 
of af ventilation and seating mean at increase of 
comfort and strength. Let. us hope t 
will go steadily on. 








NOTES FROM THE NORTH. 

Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Although somewhat excited 
during the two preceding days, in consequence of the dis- 
turbed condition of the political atmosphere, the pig-iron 
market was not restored to its normal state last Thursday. 
Holders were more uneasy and more anxious to realise, 
and prices went back 3}d. per ton, a fall which was heavier 
than the reduction on the three preceding days. Business 
was done in the morning at 51s. 10}d. to 51s. 9}d. cash, 
and 52s. one month, closing with sellers at the lower quo- 
tation. In the afternoon a further decline was made to 
5ls. 9d., and latterly to 51s. 7d. cash, and from 5is. 11d. to 
51s. 9d. one month, and. the market closed with sellers 
offering at those prices, the lowest quotations. for four 
past, and less than half the highest price paid within 
hat same period. On Friday there was a considerably im- 
roved tone in the market, especially in the afternoon ; 
t still only one-third of Thursday’s decline was reco- 
vered, and the week closed at a decline of 54d. per 
ton, as contrasted with the closing quotations of the 
previous Friday. In the morning business was done at 
5ks. 7d. cash only, but closed with buyers at that price. In 
the afternoon 51s. 7}d. to 51s. 8d. eash, and 51s. 10d. to 
51s. 10}d. one month were paid, and the market closed with 
sellers at 51s. 8d. and dis, 10jd., and buyers at 51s. 7}d. 


¢ improvement | op, 








and 51s. 10d. cash and one month respectively. There was a 
dullish tone at the opening on Monday, accompanied by a 
reduction of 1d. per ton from last week’s closing quotations. 
Prices, however, improved and closed as on Friday. Busi- 
ness was done in the morning at 51s. 7d. to 51s. 74d. cash, 
and 51s. 9d. to 51s. 9}d. one month, closing with buyers at 
the higher quotations. The only transaction reported in 
the afternoon was done at 51s. 103d. one month, the market 
closing with sellers at 51s. 8d. cash and 51s. 104d. one 
month, buyers offering 3d. per ton less. No market was 
held on Christmas Day, and on resuming to-day business 
was somewhat steady, and warrants c d hands at 
51s. 7d. to 51s. 7$d. cash, and 51s. 9d. to 51s. 9}d. one 
month fixed, the market closing without any change. The 
afternoon market was oitental with no special features. 
There is almost an entire absence of disposition to speculate 
in warrants, or on the part of consumers to buy in anticipa- 
tion of future wants. A further small quantity of pi 

iron was sent into the public warrant stores last week, an 

on Friday evening the stock in Messrs. Connal and Co.’s 
keeping amoun' to 167,960 tons, the increase for the 
week being 515 tons. Two more blast furnaces are an- 
nounced this week as being laid off, one at Coltness, and 
one at Dalmellington, thus bringing the number actually 


and | in blast down to 84, as against 116 at the same time last 


year. ‘ 

New Gunboats.—The new gunboats Firefly and Fire- 
brand, which were launched some time ago by Messrs. 
Thomson, of Dalmuir, passed down to the Tail of the Bank 
some sago. They have since sailed for Plymouth under 
escort of Her Majesty’s gunboats Valorous and Flirt. The 
new gunboats will be armed with two 64 and two 20- 

er guns each, and will carry a crew of 60 men all 
told. About twenty of the men belonging to the Nar- 
cissus, along with a number from the Valorous, were put 
upon the new gunboats to work them while on the voyage 
to Plymouth. 


The Proposed Glencairn Railway.—Strenuous efforts 
are being by a number of business people and country 
gentlemen in the south of Scotland to get the proposed rail- 
way scheme for the district of Glencairn successfully 

anched,-' An influential meeting was held last Saturday 
at Moniaive, for the purpose of hearing a report upon the 
subject from the promoters of the undertaking. It was 
addressed by Mr. rae, C.E., Edinburgh, Mr. Grainger, 
contractor, Capar Angus, and other gentlemen, most of 
whom spoke yery confidently of the project, which is to 
construct a line of about 10} miles to reach from Moniaive» 
the Glasgow and South-Western Railway at Auldgirth, the 
total estimated cost being about 60,0001. A committee was 
appointed to-further the scheme by seeing what amount 

support could be got for it in the district. 


Gordon-street Station Lines, Glasgow.—The Cale- 
donian Railway Company’s directors are making 
rapid progress with their scheme for crossing the Clyde at 
Glasgow Harbour, and establishing their central station 
in Gordon-street, on the north side of the river. Their 
latest move is to advertise for offers to construct an 
iron roof over the Bridge-street Station, and new offices 
at Clyde-place. They havé“another contract of con- 
siderable importance just on the verge of being let. 


Royal Scottish Society of Arts.—On Monday night a 
discussion took place in the society’s hall, George-street, 
Edinburgh, on Dr. Russell’s recent lectures on ‘‘ Some 
Sanitary Requirements of Healthy Houses.”’ Dr. R. M. 
Ferguson, President, occupied the chair. Among the 

mtlemen who en din the discussion were Professor 

enkin, Mr. W. n Carter, C.E., Dr. Taylor, and Mr. 
Proctor. At the close, Mr. Proctor proposed a vote of 
thanks to the Fellows of the society, who had given them 
the opportunity of discussing a subject which so mach 
concerned their trade. This was heartily accorded. Dr. 
Russell, on the suggestion of Mr. Sang, agreed to publish 
the lectures which had givén rise to the discussion. 

Fire at Leith Docks.—A most intense and destructive 
fire occurred at Leith Docks about midnight or very 
early this morning, causing damage to the extent of 
about 100,0001. 








TurkKIsH Emery.—The Hamden Emery Company, of 
ester, Massachusetts, have received a cargo of emery 
stone from Turkey, being the first instalment of 1000 tons 
to bedelivered in 1878. 





Deatu or Mr. G. Hormes.—The death is announced of 
Mr. G. Holmes, under whose superintendence the Lyttelton 
Tunnel, connecting the interior of the province of Canter- 
bury, New Zealand, with the port, was constructed. 
Energetic, skilful, and self-reliant, Mr. Holmes — well 
seconded by his partner Mr. Edward Richardson—under- 
took the work, and carried it through with great success. 
The next work of the yarenere was the construction of some 
20 miles of the Canter’ railways. After the completion 
tne contract Mr. Holmes settled down to the life of a 
colonist. 





AMERICAN PATENTS.—The United States Commissioner 
of Patents reports that during the year ending June 30, 
1877, 19,914 applications for patents were issued. The 
number of patents issued, including reissues and designs, 
was 14,459; the number of. caveats filed was 2658 ; 1098 
patents were allowed, but not issued, because the final fee 
was not paid; 1275 applications for registration of trade 
marks were received; 968 trade marks were registered ; 
556 applications for registration of labels were ; 324 
labels were registered, The total receipts of the office 
from all sources were 714,964 dols. ; the total expenditure 
was 609,043 dols., leaving an excess of 105,921 dols. of 
receipts over expenditure. 
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THE “ INFLEXIBLE.” 

WE have discussed at some length the mar- 
vellous inconsistency of the report of the Inflexible 
Committee, which was evident on the face of it. 
Closer investigation only tends to bring this 
feature into bolder relief. We have seen no 
attempt made yet to reconcile the beginning of it 
with the end, and certainly an attentive study of 
the middle does not assist to bring the two extremes 
into closer harmony. Even as seen from the sum- 
mary furnished to the daily papers, the anomaly 
was sufficiently glaring to attract attention and 
comment, and judging from the comments made 
upon it by most of our contemporaries, it has had 
the curious effect of leaving the public mind more 
bewildered than ever on the question. Had the 
Committee been divided into two opposite sets of 
opinions on the subject, and had they determined, 
for the purpose of issuing a joint report taking an 
all-round view, to let one half of the Committee 
write the beginning and the other half write the end, 
the result could not have been more striking. 

It is now obvious there are two views which can 
be taken of a citadel ship, entirely distinct from each 
other. One is to confine the armoured citadel to 
the protection of the engine and boiler openings, 
the guns and the ammunition, leaving the buoyancy 
and stability to be protected by cork, canvas, and 
stores packed in the unarmoured subdivisions before 
and abaft the citadel; the other is to make the 
citadel itself safe, so long as its armour holds out, 
whatever contingencies may a to the un- 
armoured ends above the armoured deck. The In- 
flexible was represented by her constructors to be a 
ship of the latter type. She really is a ship of the 
former type. The answers of the Committee re- 
te the Inflexible herself are in favour of a ship 
of the former type. Their recommendations for the 
future are in the other direction, and favour the latter 
type. We proved in our last article, beyond the 





shadow of a doubt, that when the Inflexible was de- 
signed the Constructors’ De ent of the Navy 
thought her stability would we parersias by the 24 in. 
of armour and about an equal thickness of backin 
which surrounded the citadel. The necessity of cor 
and canvas in the ends to keep the vessel upright in 
action was not then dreamed of. It was not certain 
they would be used at all. ‘It is possible [says 
their official report] that both cork and canvas will 
be used to some extent outside the battery or citadel ; 
but the security of the ship will not be dependent 
upon them,” 

Can Mr. Barnaby or any of his colleagues, or any 
member of the Committee venture to affirm in view 
of the facts given by us last week, that the descrip- 
tion of the ship’s safety contained in the above 
quotation has been fulfilled? If not they are bound 
to admit either openly or tacitly that a blunder was 
made in her design, which escaped detection in the 
department, or if detected was kept carefully from 
the knowledge of the Board of Admiralty and the 
public until the present controversy arose. We 
come back then to what we have said above, that 
the vessel was designed to belong to one type of 
citadel ships, but owing to an error somewhere she 
belongs to another type. She was intended to have 
her stability protected by about 4 ft. of armour and 
backing, but it is now found her stability could be 
practically destroyed without touching that armour 
and backing, and it has, therefore, been decided to 
protect her stability by 4 ft. of cork instead! What 
then becomes of the Committee’s opinion that ‘a 
just balance has been maintained in the design, so 
that out of a given set of conditions a good result 
has been obtained”? Supposing a good result has 
been obtained—which be it far from us to affirm— 
it has obviously been brought about not by that 
most praiseworthy method of maintaining a just 
balance in the design, but by what is vulgarly known 
as a “lucky fluke” arising out of a blunder made in 
attempting to do something else. But perhaps the 
‘* luckiest” piece of business in the whole matter, so 
far as the constructors are concerned, is that they 
have come to be judged by a Committee willing to 
take upon trust the sufficiency for that ship of 4 ft. 
of cork as a substitute for an equal thickness of 
armour and backing to protect the stability, and 
who in spite of the obviousness of the blunder com- 
mitted are content to speak of a ‘just balance” 
having been maintained in the design, as if the 
whole thing had been intended from the first to be 
just as it turns out to be in reality. 

That a serious error has been committed in the 
design of the Inflexible, the largest and most costly 
of our new ironclads, is now placed beyond ques- 
tion, and it is well understood to have been repeated 
in the Ajax and Agamemnon, two somewhat smaller 
vessels of the same type now building. Like the 
play of Hamlet without Hamlet, they are citadel 
ships without their safety being protected by 
their citadels. That the first ship was uninten- 
tionally placed in that dilemma we know. We do 
not know so much about the two latter ones, 
although we know they are at least as badly off as 
the Inflexible in respect-of armoured stability, 
without the excuse of being limited in beam to 
dock accommodation. It would be interesting to 
trace the influence of existing facts, however 
brought about, upon the formation of some of the 
opinions we now hear as to the uselessness of 
armour for the protection of stability. The blunder 
in the Inflexible preceded the change in the views of 
our own constructors on this subject ; and a marvel- 
lously analogous process has taken pe in Italy. 
It is well known that the Duilio and Dandolo, the 
two citadel ships building by the Italian Govern- 
ment, are far worse off in point of stability than 
the Inflexible, and their designers even will not 
long be able to conceal the fact from their country- 
men that a huge blunder has been made in their 
design, And the Italian constructors are even 
louder than Mr. Barnaby in announcing that the 
time for protecting a ship’s stability by armour has 
passed, or is passing, away. 

We do not tow a moment say these men protest 
what they do not believe. We do say that they 
are placed in positions where it is next to impossible 
for them to form impartial judgments in the matter, 
and that they more than any one else are liable to 
be deluded by the wish that is father to the thought. 
However leniently the Committee may have dealt 
with the Inflexible as a fait accompli—and we shall 
show hereafter some reasons why this particular 
Committee might have been to go as far 
as possible in favour of her—they leave no room for 





doubt that in their opinion future Inflexibles should 
not be allowed to her fault, but that by the 
aid of ter beam and finer ends they should be 
enabled to comprise within their armoured citadels 
sufficient stability to render them independent of 
aid from their unarmoured ends. This is the prin- 
ciple for which Mr. Reed has contended h- 
out, It is the principle for which we contend, It 
is the principle that everybody outside the Con- 
structors’ Department thought was fulfilled in our 
recent ironclads. It is the principle that has been 
sacrificed in our own Inflexible, Ajax, and Aga- 
memnon, and in the Italian ships Duilio and Dan- 
dolo, and said to be even more glaringly set aside in 
the two still larger vessels intended for the Italian 
Navy. It will beseen fromthis how serious is the 
evil that has crept into the designs of these otherwise 
very powerful ironclads, and how urgent is the ne- 
cessity for a complete series of artillery experiments 
on floating bodies resembling the unarmoured ends 
of these vessels, such as should have been made 
some years ago in accordance with the recommenda- 
tions of the Committee of Naval Designs before 
the bnilding of these citadel vessels was com- 
menced. 

The only ray of real comfort that can exist in 
this country on the matter, pending the artillery 
experiments of which we speak, arises from the 
fact that the only vessels building to such 
heavy guns, and armour so thick as the Inflexible, 
are the Duilio and Dandolo and the two later 
Italian ships, all of which are, if the worst fears 
are realised, in a more hopeless condition than 
our own ships. Had the Italian ships been free from 
the error of the Inflexible, as they might well have 
been if properly designed, we should have heard but 
little in this country of the sufficiency of cork for 
the protection of stability, except perhaps as a use- 
ful auxiliary. As the matter stands, experiments 
alone can decide the question at issue, and these will 
have to be made to set the capabilities of the In- 
flexible at rest, even supposing means are found 
to remove the defect from the Ajax and the 
Agamemnon, and that future ships of the type are 
designed so as to be free from it. And the wisdom 
or unwisdom of the course pursued by our own and 
the Italian constructors will be judged by those ex- 
periments, Either they will expose the greatest series 
of blunders in naval design of the present century, 
or they will mark a step in warship esign worthy of 
acknowledgment, whether it arose in the first P e 
from error, or, a8 the recent Committee would say, 
from maintaining a just balance in the design. 

There were other promises made in reference to 
the stability of the Inflexible which have not been 
fulfilled, but we will reserve consideration of them 
until we publish the curves of stability of the vessel 
under the several conditions discussed. 

It would be amusing to follow the Committee's 
dissertation on the probable effects of artillery fire 
on a ship of the Inflexible type, were the subject a 
less grave one, for it possesses all the freshness and 
ingenuousness of a theory built up on imagination 
and abstract reasoning untrammelled by the doubts 
and uncertainties which experience of gunnery 
practice entails, 

Even the presence on the Committee of a er 
in a firm celebrated for the manufacture of heavy 
ordnance has not been able to give to this part of 
the report that sense of reality which alone carries 
conviction to the common sense of practical men. 
It is, we say at once, utterly onesided, but the very 
transparency of the bias proves it, in a measure, 
to be an innocent and unconscious one, rather than 
the result of studied unfairness, Had the Com- 
mittee’s sole function been to advocate the cause of 
the Constructors and to screen the ship, the doubtful 
premises on which they base their arguments could 
not have beén more boldly, not to say recklessly 
chosen, or more confidently laid down, and the 
arguments themselves could scarcely have resembled 
more closely those of the special pleader. No worse 
charge could be brought against the report, and yet 
a perusal of it makes one smile at times at the 
simple faith of the writers rather than resent their 
want of judicial power. ‘The Committee almost 
ignore the differences between the destructive power 
 eeubiisfanitng shells and those not intended 
for the penetration of armour. They assume that 
no particular part of the ship will be fired at more 
than another, and thus they indirectly imply that an 
enemy would always use armour-piercing shells in 
the Lite of sending one through the citadel, 
and we are to suppose that only stray ones 
will ‘touch ‘the wnarmoured ends, and they, 
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it is said, will only make “slight wounds.” We 
are told the period which elapses after a shell 
strikes before it explodes, and the space it 
would travel during this fraction of a second, and 
it is proved that the shell would have — passed 
through the unarmoured side and the 4ft. of 
cork and would then merely burst into fragments, 
the latter spreading out into a conical form until 
they are stopped by the other side of the ship. The 
hole in the side through which the shell enters is to 
be merely a round hole such as a solid shot would 
make. Not a word is said about the probability or 
even possibility of these shells striking obliquely 
and tearing out long rents in the plating, or of their 
following nearly the line of the cork and bursting 
in the middle of it. The possibility of this usually 
unruly cone of shell fragments tearing out large 
areas of the thin plating on the opposite side of the 
ship and carrying large masses of cork with it, is 
also conveniently overlooked. 

Where a point can be made for the ship it is 
made. Thus it is argued that when the vessel is 
fighting wholly or partly bow on, the cork abaft 
the citadel is protected by the armour on the citadel. 
It is not pointed out that in the mean time the un- 
armoured fore end is doubly exposed to danger, be- 
cause every shell that goes into it is bound to enter 
obliquely, and is bound to explode within it, because 
it would be stopped and exploded by the citadel 
armour bulkbeads if it had not exploded before 
reaching there. Again, a great deal is made of the 
fact that modern projectiles are very uncertain in 
their direction after striking the water. It is 
not pointed out, however, that while this tells 
enormously in favour of even thin armour, it tells 
with far less force for unarmoured parts like the 
ends of the Inflexible, for the shell would enter the 
latter if it struck it at all, however obliquely its 
course after ricochet, and the more oblique its course 
the more destructive its effect would be; whereas 
its obliquity would prevent its penetration of the 
armour. The greater chance of the ends of a ship 
being struck than the middle below the ordinary 
still water line, owing to the pitching and scending 
of the ship, and the waves leaving the extremities 
exposed, a point well recognised, is omitted, as are 
many others we could mention, likely to tell against 
the ship. On the cther hand, we do not know a 
single point in her favour thatis not given a promi- 
nent place in the report. 

In the same way the particular virtues of the 
citadel are dealt with. hen it is essential to the 
argument to extol the great thickness of the armour, 
it is represented as impenetrable to the most power- 
ful guns existing. On the other hand, when it is 
attempted to show that a “ just balance” has been 
maintained, the guns of the future are drawn upon, 
and we are told that the armoured citadel is xof 
invulnerable, nor the unarmoured ends indestructible, 
but that the unarmoured ends are as well able as the 
armoured citadel to bear the part assigned to them 
in encountering the various risks of naval warfare. 
Nothing is said about the shells of the future, or 
the possible effect of, say, a charge of dynamite, or 
some other violent fulminant bursting in the centre 
of a compartment filled with coal and cork. 

One would think to read the Committee’s report 
that the citadel, so far as the vitality of the ship is 
concerned, bears the same relation to the ends that 
a man’s heart and lungs do to his extremities. One 
shot through the heart ard he is dead, but a dozen 
might perhaps pass through his legs or arms with- 
out proving mortal. And it is tried hard in the 
Committee's report to create an analogous impres- 
sion about the ship. It is utterly unsound however. 
The engines and boilers are not only within the 
limits of the citadel but they are below water, so 
that if a shell did penetrate the citadel above water 
it would not necessarily affect the machinery. There 
would be a deck between it and the motive power 
of the ship, and all openings down could easily be 
guarded, if they are not so, against serious damage 
arising from this cause. What then is there to harm 
within the citadel? The magazines and shell rooms 
are a long way below water and out of harm’s way. 
A charge of powder or a shell might perchance be 
exploded as it was being passed up, or the turning 

ear of one of the turrets might Be deranged, but 

ese contingencies might happen above by a shell 
entering the turret port, or penetrating the armour, 
and it does not at all follow the ship would be 
disabled. 

We quite admit there is a difference between 
these central and the ends, and we, therefore, 
support the idea of a central citadel heavily armoured, 





without side plating on the ends. But it would be 
neither more {nor less than capricious folly, highly 
dangerous to our future naval supremacy, not toin- 
clude the stability of the ship in this armoured citadel, 
especially when it can be done, as it could have been 
done in the Inflexible, Ajax, and Agamemnon, if 
properly designed, without reducing the thickness 
of armour or increasing the displacement or cost of 
the ships. But toreturn to the Committee's report. 
We have not s this week to go through their 
arguments in detail on the gunnery question, but 
can only briefly glance further at the position 
assumed by them. 

It is contended that with the unarmoured ends 
riddled, but with the cork in place, the vessel’s 
stability, although much below the safe limits laid 
down by the late Committee on Naval Designs, 
would still be safe, owing to the steadying effect of 
the free water inside, It is also admitted in fact, 
although in a disguised form, that if all the cork could 
be blown out she would become unsafe. The Com- 
mittee, however, do not think it at all probable that 
all the cork could be blown out, because they say it 
would require a great number of blows uniformly 
distributed todo so. We might grant that it would 
be a miracle for every particle of cork to be blown 
out, and yet contend with reason that sufficient 
might be blown out to render the ship dangerous in 
a comparatively short time, and the Committee 
themselves say ‘‘ there is no sufficient basis either 
of actual experience or of experiment on which to 
decide what amount of damage to the end is pro- 
bable.” 

One of their chief errors seems to be in lending 
their countenance to the assumption that it would be 
as easy to — the armour-plated citadel at sea 
as it would be to penetrate the same thickness of target 
at Shoeburyness, and that if a shot or shell manages 
just to squeeze its way through the armour the blow 
would be fatal, or at least cripple the ship; while at 
the same time they minimise unduly the importance of 
shells containing heavy bursting charges exploding 
among the cork and coal in the unarmoured ends, 
They keep comparatively inthe background one of the 
most important considerations, and one which should 
carry great weight in aninvestigation of this kind, viz., 
that if the gun and the armour are equally matched at 
Shoeburyness, or even approximately so, the chances 
are all in favour of the armour at sea. Owing to the 
extreme difficulty of striking the armour fair and at 
right angles the chances of a shot getting through 
are extremely remote, and it is impossible to send a 
shell through containing a heavy bursting charge. 
There can be no comparison between the destructive 
effect of such shells as could be put into the un- 
armoured ends and those that have to be made 
capable of penetrating thick armour. As to the 
difficulty of ee 3 thick armour when ships are 
inmotion, the action between the Shah and the 
Huascar is most instructive. However badly the 
Huascar’s guns may have been served we are boundto 
suppose that the Shah’s guns were fought as well as 
we may expect to find naval guns fought on the 
average in future. Yet, although she had 12}-ton 
guns on board capable of piercing 12-in. armour at 
600 yards, they did not once penetrate to the inside of 
the Huascar, a vessel plated with'44 in. armour, while 
in the mean time the light guns of the Shah and 
Amethyst had wrought great havoc among the un- 
armoured parts of the ironclad. 

Compare this lesson from fact with the following 
theory evolved from the brain of the Committee. 
They say : 

‘* It may be useful to compare the Inflexible as 
sbe is with a new Inflexible having her armoured 
citadel drawn out in length so as to render her 
much more nearly, if not absolutely, independent 
of the unprotected ends—the thickness of the 
armour being of course reduced in proportion to 
the extended area. It may be assumed that an 
addition to the citadel of at least 30 ft. in length 
would be necessary to satisfy this condition. The 
thickness of armour would then be in the new ship 
21 in. as compared with 24 in. in the present one. 
If we now suppose the actual Inflexible to meet in 
conflict the new Inflexible, both being armed with 
the most powerful guns existing, which are capable 
of piercing 22 in. of armour, the new ship with her 
21 in. of armour would be in immediate danger 
of receiving a mortal wound by the _ pene- 
tration of her citadel, where the vital parts 
are so crowded ther that one blow might be 
fatal and would ost certainly seriously cripple 
her. The possibility of ultimately crippling the 
enemy by a multiplicity of slight wounds in his un- 





armoured extremities would do little or nothing 


— to diminish the disparity — from the 
act that one ship possessed penetrable and the other 


impenetrable armour.” 

This is a case in point of what we have alluded 
to above, and there can be no doubt this passage, 
like many others of the Committee’s report, greatly 
distorts the real chances of the ——— The 
gun just fixed to pierce one citadel and not the 
other, the absence of any allusion to the almost im- 
possibility of a gun that can only just pierce 22 in. 
armour on shore being able to pierce 2] in. armour 
afloat, allowing for the ship’s motion and obliquity; 
the talk about the immediate danger of a mortal 
wound; of the s/ight wounds in the ends, &c., all 
show the bias—of course unconscious bias—which 
mars the whole report. The passage in question is 
moreover doubly misleading, because it implies that 
lengthening the citadel and thinning the armour 
was the only alternative when the vessel was de- 
signed. It was nothing of the kind. It is not even 
the only alternative if the ship’s defect is to 
be remedied at the present time. Besides this, 
the comparison, if made at all, should have been 
made between the Inflexible as she is, and the In- 
flexible as she should have been, and as they re- 
commend for future Inflexibles, namely, with such 
an increased beam and increased fineness at the ends 
that the stability would have been protected by the 
same thickness of citadel armour and without need- 
ing aid from the unarmoured ends. In such a case 
the comparison would have stood thus: Both ships 
would have been impenetrable so far as their batteries 
were concerned, but the actual Inflexible could be 
crippled by her enemy concentrating fire on her un- 
armoured ends at close quarters while the new In- 
flexible would be absolutely safe against her enemy’s 
guns, and could continue the engagement until she 
had destroyed the stability of her foe, 


RAILWAY SIGNALS. 

To the railway man of the present day it must 
appear scarcely credible that at one time railway 
traffic was conducted without fixed signals of any 
character, yet such is a fact; the Stockton and 
Darlington, the Newcastle and Carlisle, the Liver- 
pool and Manchester, and other early lines, were 
opened without any such governing power. The 
Liverpool and Manchester in 1834, essayed an at- 
tempt towards that end, but it was not until 1838 
that fixed signals began to assume a definite shape, 
and to be worked upon a recognised system. From 
that period to the present, the stages through which 
railway fixed signals have passed are as numerous 
almost as the various lines of railway which have 
been formed, for in the earlier days of railway work- 
ing it would seem that for one company to adopt 
and to use the signal employed by another was an 
indignity to which its management felt but little 
inclined to submit. The more extended experience 
which later years have borne with them has, how- 
ever, showa the folly of this course, and now the 
advantages of as universal form of signal, and of 
a universally recognised method of working it, so 
that the signal in the one position shall be under- 
stood to mean one thing, and in another position one 
other thing, is apparent to all. 

Yet, although such is the case, and although we 
see the semaphore type fast superseding the 
remnants of the earlier forms; and although the 
arin standing out boldly at right angles to the post 
on which it is fixed is recognised as the danger 
signal, there is yet a want of unity in determining 
and recognising the indication which shall indicate 
the all-clear signal. This is to be regretted. It is 
to be regretted because no one can deny that rail- 
way companies have made within the last few years 
great and highly commendable strides in their signal 
arrangements. There is now scarcely a railway 
company of position but has its regular signals de- 
partment, and this alone, if there were not the very 
marked improvements on the lines themselves to 
indicate it, shows how important is regarded this 
branch of railway science. According to it then, so 
much importance, and seeking, so far as the adop- 
tion of the semaphore type, a uniform form of 
signal, and recognising as the ‘‘ danger” indication 
one unmistakable position, it is to be regretted that 
an equally good and general understanding has not 
been arrived at as regards that indication which 
shall represent the ‘‘ clear” signal. 

It is probable that these remarks will be more 
closely read by railway men than by others, and to 
such it is hardly n we should particularise 
in detail that divergence of opinion and practice 
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which exists in respect of the clear signal. Railway 
men know well enough that where with some the 
arm requires to be sheathed within the signal post, 
with others it has to assume the position little short 
of an angle of 45 deg.,—that is, something below 
midway between the danger signal and the 
line formed by the signal post itself. Again, 
in some places we have the arm in the horizontal 
position representing danger, at an angle of 45 deg. 
caution, and sheathed within the post all clear. At 
junctions the practice is largely in favour of never 
giving the all clear signal, but of showing two sig- 
nals only, viz., danger, and that of the angle of 45 
deg.—caution. 

Now in this there is material for consideration. 
That we have much to ‘be proud of on account of 
our railway system we do not deny. We know that 
it stands alone, unequalled in the old as in the new 
world, and that it, in many ways, represents the 
highest attainment which wisdom imparted to man 
has yet reached; but still the very existence of this 
divergence in opinion shows that, in this respect, 
there is something wanting. The danger signal is 
an evident signal—the most evident which an ar- 
rangement of the semaphore type is capable of ren- 
dering. It is the signal which, if the wire were to 
break, would be recorded by the arm. It is 
not, however, the signal which would be re- 
corded if the rod working the arm were to 
break, if the arm were to become loose on its 
socket, or if the lever attached to the rod working 
the arm were by any means checked, In either of 
these cases the arm would not record danger, but 
something between danger and caution, or all clear. 
There is, of course, slight probability of this oc- 
curring ; but in the Abbott’s Ripton affair we had 
sufficient evidence of it from even natural causes, 
leaving out of the question those idiosyncracies 
which are likely to arise from defective workmanship, 
or any of those other never thought of causes which 
are never known till they arise. 

Thus then, it would seem that we have for our 
consideration—first, the need of a means by which 
the normal (danger) position of the signal shall be 
more fully secured under adverse circumstances, 
whether these circumstances take their rise in na- 
tural or in mechanical causes; and, secondly, the 
need of adopting a recognised standard for the clear 
signal. 

With regard to the first we are aware that at- 
tention has already been given to the subject; that 
one of our foremost companies has given some 
attention to it, but so far the result would not 
seem to have been encouraging. In order to secure 
the rise of the arm to the danger position we must 
obtain the following conditions: First, the arm 
itself must be weighted, so that it shall rise to 
danger quite independent of any lever attached to 
a rod in connexion with it, in fact, the lever weight 
now attached to the lever at the bottom of the 
signal post requires to be transferred to the arm 
itself. Secondly, a sufficiency of wire under all 
circumstances to admit of the signal assuming the 
danger position. This can only be done by afford- 
ing a larger margin of slack wire than at present, or 
by the employment of a compensating arrangement, 
for there are the two extremes to meet, viz., ex- 
pansion from heat and contraction from cold. Re- 
garding the distance at which it has of late become 
necessary to work signals, and consequently the 
length of wire employed—every yard of which in- 
creases the difficulty —it would seem impossible to 
meet this except by a multiplying arrangement, and 
it is in this direction we look for a solution of the 
difficulty. In order to insure the arm rising to 
danger two things are wanted—that the arm 
itself shall be weighted to rise to that position 
whenever allowed to do so by the wire under which 
it is worked, and that the wire working it shall in 
all cases be long enough to admit of its rising to this 
position, But even then there remains saother point 
for consideration, and that is the advantage to be 
derived from locking the arm to danger when once 
placed in that position. 

e arrangement by which the danger signal may, 
under such circumstances, be sec is, of course, 
by far the most important consideration. If a 
driver comes upon a signal of the character of which 
he is doubtful, he can very well assure himself of 
= s intended by ae a to it by his 
whistle, or on passing the signal-box, or approachin 
the standard or home signal, but about The F wn 
signal-there should never be room for doubt, there 
should never be two minds as to whether it isa danger 
signal or not. The position of the danger signal 





should be distinct and defined—the arm at a right 
angle from the post; and in order to avoid, even 
where there may be a departure from this defined 
position, all confusion between it and the clear 
signal, the latter should be as distinct from the 
danger signal as ible. We have remarked upon 
the difference which exists in the expression of what 
is regarded as the clear signal. We fail to see 
the advantage attached to the caution form of 
signal. In these days there should be no ques- 
tion of doubt in railway working. Where doubt 
exists as to the propriety of sending a train on, ¢he 
train should not be sent on. The conditions of rail- 
way traffic should be but two, viz., either the line 
is clear or it is not clear. We regard the caution 
signal as a most pernicious signal, for the reason 
that it leaves all who act under it discretionary 
power. Thus whilst one man will proceed at a very 
reduced speed, another will reduce speed to a very 
nominal extent. Of course, where the traffic is 
worked under the block system, there can be not 
one particle of good derived from the caution signal. 
If the section is clear there can be no reason why 
the train should not proceed in the usual manner 
and the signal indicate that the road is clear. If itis 
not clear, the train should, under no circumstances, 
be permitted to enter the section, and the signal 
should be held at danger. 
a& permissive system, and the caution signal is nothing 
less than a permissive signal, It says to the driver 
‘¢ the road is not quite clear, but you may go on.” 
We hold that every railway should have but two 
signals—blocked and clear—and that this should be 
universal, whether applied to junctions or straight 
roads; and we are satisfied the virtue of such a 
system will recommend itself to every thinking 
mind. 

We now come to the question of what should 
constitute the ‘‘ clear” signal. With some we find 
it represented by the disappearance of the arm, 
with others by its appearance just without the post ; 
and in one instance it has been sought to establish a 
vertical signal—that is, that the clear signal shall be 
the arm raised to a vertical position on the top of the 
signal-post. This latter 2 simply goes to 
support our views that the clear signal should be a 
visible signal, and not the absence of a signal. Our 
signals as at present constructed would show this 
absence of signal if the rod connected with them 
were to break—that is the arm would fall within 
the sheath. This at once testifies to the need of a 
visible signal for the clear signal as well as for the 
danger signal, and hence we arrive at the conclu- 
sion that the danger signal should be the arm 
in a horizontal position ; that when placed in that 
position it should be locked there so as to be im- 
movable from that position by any force except that 
exercised at the instance of the signalman; that 
under every possible derangement its construction 
should be such that it should rise to the danger 
position, and that the clear signal should be a 
visible signal differing as much as possible from the 
danger signal—say the arm dropped to an angle of 
not more than twenty-five degrees, 








EARTH CURRENTS. 

Tue subject brought under the notice of the 
Society of Telegraph Engineers at its last meeting 
was that of earth currents on land lines, The 
author of the paper, Mr. A. J. S. Adams, an officer 
of the Postal Telegraph Service, would appear to 
have devoted considerable time and attention to the 
subject, for his observations extend over a period of 
more than two years. ‘‘ Earth currents” are ever 
extant in telegraph wires; they differ in direction 
and in force, and occasionally are of such power as 
to materially affect the working of the wires. 
Generally its power is weak, slightly but continually 
varying in magnitude, at times constant in direc- 
tive influence for hours, at others, so rapid as to 
require experience and expedition in order to 
observe its action, There is no question but these 
currents arise from the earth, and that they show 
its varying potential, or the difference which exists 
in the electrical potential of the earth’s surface at 
one point as compared with that of another point, 
The observations which Mr. Adams has been able 
to obtain lead him to conclude that the earth 
current variations, both in direction and magnitude, 
between any number of points in the 


occurrin; 
United Kingdom, coincide for the same moment of 
time, The chief aim of his labours has, however, 


been to obtain evidence as to a possible line of 
maximum force, together with its direction. In 


We are no advocates of | Kingd 





this he has met with considerable difficulty owing to 
conflicting forces at work, and to the want of. a 
sufficient number of idle wires for the purpose of 
observation. From midnight till 5 or 6 a.m. have 
usually been the only hours when it has been pos- 
sible to carry out any observations of value. As 
opportunity offered o ations for directive and 
maximum force were made upon several wires at 
intervals of fifteen minutes, seventy-four nights 
being occupied in this way. From the observations 
thus obtained curves of comparative force were 
drawn, and from these curves a line of mean 
maximum force and its direction was deduced. 
The mean of a number of curves thus worked out 
agree sufficiently to indicate a line of maximum 
force between Portsmouth and a point between 
Lynn and Hull with a direction from the former to 
the latter P int, the normal maximum line lying 
nearly north-east and south-west. The maximum 
line is, however, inconstant in its directive influence, 
the precise time of these changes being variable, 
and the changes themselves spasmodic, A series 
of observations taken with the object of learning if 
the same line of maximum force and its direction 
existed for England, Ireland, and the Channel 
Islands, showed that the mean line of maximum 
force at a given time obtains for the United 
om. 

Extensive comparisons have been made between 
earth current changes and the variations of wind, 
clouds, tides, and dew point, but nothing suggestive 
of parallel effect has been elicited with “ clectric 
storm” disturbances. However these comparisons 
call for further attention. The paper was well 
illustrated, and will no doubt prove a valuable 
addition to the subject of earth currents, one which 
has on a previous occasion occupied the attention of 
the Society. 


ENGINE FRICTION. 

WE are indebted to our contemporary the Zeit- 
schrift des Vereines Deutscher Ingenieure for the 
following particulars of a brake trial, which may be 
of interest to our readers. The engine tested was 
a small horizontal one, having a cylinder of 300 mm. 
(11.81 in.) diameter and 520 mm. —_ in.) stroke, 
unjacketted. It was made by Herrn Rittershaus 
and Blecher, of Barmen, in whose factory the ex- 
periments were made, Itis fitted with a cut-off 
valve under the control of the governor, working on 
the back of the main slide, and of a type similar 
to that used by Messrs. Sulzer, of Winterthur, and 
Sigl, of Vienna, in some of their engines, and more 
than once illustrated by us.* The governor is of 
the common Porter type, and seems to have had 
ample controlling power. The flywheel of the 
engine is 6.89 ft. in diameter and 13 in. broad, 
being used as a driving pulley in ordinary work- 
ing; it was thus convenient to use it as a brake wheel 
during these experiments. It was fitted wit 
thirty-one brake blocks, each about 24 in. wide, held 
together by wrought-iron straps in the usual way. 














The annexed Table, which gives a summary of 
the results obtained in the experiments, explains 
itself. It will be noticed that the efficiency of the 
engine is distinctly less at its smallest power than 
when working more nearly at its normal power. 
The increase of efficiency, however, at larger 
powers is very slight, although quite distinct. 
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1 155 P58 76 19.9 226.5 | 17.13 | 12.37| .72 
2 | .265 82.5 75 28.45 343.9! 24.17) 18.61) .77 
3 | 82 78.2 75 87.12 454.5 | 31.54 | 24.61| .78 
4 45 78.2 73 45.51 565.4 | 37.64 | 29.79| .79 
5 | 49 78.2 73 54.19 | 677.6 | 44.81 | 35.70) .80 














The experiments were made by Messrs. Prasser, 
* See ENGINEERING, October 3 and 24, 1873. 
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Stambke, and Vogt; of the two indicators used 
one was made by Elliott, and one by a firm at 
Hanover. The cards which are shown in the 
figure were taken by the latter instrument. The 
numbers annexed to them correspond to the numbers 
of the experiments given in the Table. It should be 
mentioned that the feed pump of the engine was at 
work throughout all the trials. 





THE CLAUSTHAL LEAD-SMELTING 
WORKS.—No. VII. 
By J. Cuarx Jerrerson, A.R.S.M., Wh. Se. 
THE ReGuius SMELTING. 

Tue regulus smelting was formerly carried on 
separately from the schlieg smelting ; we have seen, 
however, that in the latter operation half as much 
roasted regulus as ore is added to the charge, which 
has the advantage of reducing the consumption of 
the Oker slags and of enabling the regulus smelting 
to be effected at a less cost, while less regulus requires 
to be treated separately. 

According to Wunderlich the first regulus from 
the schlieg smelting contains on an average from 
1 to 1.5 per cent, of copper, and 8 to 10 per cent, of 
lead, the process of roasting and resmelting of the 
regulus in the schlieg furnaces is repeated until 
the quantity of copper amounts to from 6 to 
7 per cent, If this amount is exceeded there is 
great liability of the copper passing partly into the 
work-lead, which would then be more difficult of 
desilverisation by zinc, and a larger quantity of zinc 
would be used. Consequently, when the copper 
has been concentrated in the regulus to this amount, 
the regulus is transferred to a separate smelting 
operation. Partly in consequence of limited space, 
the regulus is no longer separated and subjected to 
a separate smelting whenever the percentage of 
copper amounts to 7 per cent, as we have just 
stated, but only so much of the regulus is withdrawn 
from the schlieg smelting, as the amount of regulus 

roduced exceeds that of roasted regulus added, 
us as we have seen in 1873, there were per 
100 ewt, of ore, 47} cwt. of roasted regulus added 
to the charge, and 634 cwt. of regulus were pro- 
duced; there were, therefore, 16 cwt. of regulus 
withdrawn and transferred to the regulus smelting ; 
it will thus be seen that the amount of regulus trans- 
ferred to the regulus smelting varies not according 
to the amount of copper concentrated in the regulus, 
but with the total amount of regulus produced at 
the ore furnaces, and as the regulus thus becomes 
poorer in lead a less quantity of regulus is produced, 
and whilst the amount of regulus constantly in the 
furnace remains pretty nearly the same, a less and 
less goons, is transferred to the regulus smelting. 

The regulus smelting consists of two operations, 

the roasting, and the smelting of the roasted re- 
ulus, 

F The roasting of the regulus is conducted at 
Clausthal in heaps in the open air, sometimes under 
cover, and sometimes not. Before roasting, how- 
ever, the regulus is exposed to the weathering action 
of the atmosphere by which it is rendered more 
porous, and with an increased exposed surface thus 
obtained, the oxidation during roasting is better and 
more quickly effected. A layer of about 3in, of 
pounded slag is spread on the ground, and on this 
a layer of pine wood is placed. The wood used is 
the small branches of the pine which covers nearly 
the whole of the Harz Mountains. As a rule, 
100 ewt. of regulus requires on an average for com- 
plete roasting (i.¢., taking the average of the repeated 
roastings), about 140 bundles of brushw Ge 
about 110 cubic feet), sometimes coal is used in 
addition for the roasting, when about 40 cubic feet 
of brushwood and 6 cwt. of coal are required per 
100 cwt. of regulus, The use of coal entirely would 
be disadvantageous, not cnly on account of its 
higher price, but it would be lL kely to raise the tem- 
perature so high as to cause the smelting of the 
regulus, Indeed, after roasting the lowest portion 
of a charge usually has metallic copper interspersed 
in it, showing that a partial smelting and reduction 
of the copper has taken place. The regulus to be 
roasted is spread over the layer of wood in a 
pyramidal heap, varying from 14 ft, to 20 ft. broad 
and 20 ft. to 30 ft. long, and 5 ft. or 6 ft. in height, 
and containing from 2000 cwt. to 3000 cwt. This 
heap is lighted by means of shavings spread under- 
neath and among the layer of brushwood. 

The roasting process occupies altogether about 
three months. e regulus before being spread on 
the wood is broken in pieces about the size of the 





fist, with a pointed bar or hammer ; the first firing 
occupies from eight to ten weeks. After the heap 
has been lit the combustion is assisted and sustained 
by the sulphur in the regulus, which really serves 
the purpose of fuel, the wood and being 
chiefly used for the purpose of thoroughly com- 
mencing the combustion. As a greater part of the 
sulphur is drawn off, the combustion gradually 
ceases, the mass when sufficiently cool is turned 
over, and the lumps which may have sintered 
together are broken up, and the insufficiently roasted 
regulus is separated from that which is roasted suffi- 
ciently, and subjected in a similar manner to a 
second firing which lasts from 10 to 14 days. As 
this second heap contains proportionately less 
sulphur, a rather ane (comparatively so) amount 
of fuel is used, the roasting process goes on until 
combustion ceases, which, as we have just men- 
tioned, takes place in from 10 to 14 days. This 
second heap is likewise turned over, and the 
sintered masses broken up, and the still insufficiently 
roasted regulus scraped together and subjected to a 
third roasting. As the roasting of the upper and 
outer parts of a heap is chiefly effected by the com- 
bustion of the sulphur, and the outer part of the 
heap is subjected to the cooling influence of the 
atmosphere, there will always remain a quantity of 
regulus insufficiently roasted. The third roasting 
of the regulus usually occupies a week, and each 
successive roasting will take less time, till the last 
may require only two or three days. The roastings 
are repeated till the amount of insufficiently roasted 
regulus remaining is too small to be subjected to a 
separate roasting, and it is set aside till another 
large heap is ready to be roasted. The total 
number of firings varies between six and eight, 

Well roasted regulus usually presents a brown or 
bluish earthy appearance, evidently due to the 
oxide of iron contained in it, and is extremely 
porous on the surface. The upper portion of a 
heap generally shows considerable quantities of 
sublimed sulphur, and other portions of the regulus 
present various coloured botryoidal shaped efflores- 
cences of sulphates. As will be noticed from the 
number of firings which are necessary, the method 
of roasting in the open air is very incomplete, the 
whole of the sulphur given off is lost, so that the 
management of the Clausthal Works have it under 
consideration to effect the roasting in a shaft 
furnace, so as to be enabled to make use of the SO, 
evolved in the manufacture of sulphuric acid (as 
occurs at Lautenthal, Altenau, and Oker in rever- 
beratory funaces); and this is all the more to be 
wished for, in consequence of the effect of the sul- 
phurous acid on the forest trees which may be 
noticed for a mile or two on the road to Wildemann. 

The precise nature of the reactions which occur 
during the roasting will of course vary with the 
temperature and the constituents of any part of the 
regulus. The essential reactions however are, the 
formation of sulphates of lead, iron, and copper ; 
with a rise of temperature these sulphates are de. 
composed into oxides, with the evolution of SO, 
and O, and also SO, from the decomposition of the 
sulphate of iron; the oxidation of the sulphides 
being effected by the joint action of the heated air 
and the oxygen arising from the splitting up of the 
sulphates. 

It will be understood, that as the object of the 
regulus smelting is the concentration of the copper 
in a regulus, and the separation of as much lead as 
possible, that it is not intended to roast the regulus 
sweet, as there would then be no sulphur to form 
a regulus, in which to concentrate the copper. It 
is not known with exactitude how far it is best to 
carry the ‘roasting process, so as to give the most 
favourable results in the subsequent smelting. 

The weight of the regulus changes but little 
during roasting, the weight of the sulphur lost being 
pretty nearly replaced by the weight of the oxygen 
which has combined to form the sulphates and 
oxides. 

For the smelting of the roasted regulus there 
are two regulus furnaces, situated in the same 
building ; these are constructed as sump hearth 
furnaces, and are enclosed in brickwork. As 
a high temperature in these furnaces would 
result in the reduction of too much iron and the 
formation of bears, they are built much lower 
than the other furnaces, and are hence called 
‘* Halbhochéfen” (half-high furnaces). One of 
these furnaces is capable of smelting from 100 cwt. 
to 130 cwt, of roasted regulus in 24 hours, and 
with a pressure of blast equal to 30 mm. ; yielding 





besides work-lead about 73 per cent. of the regulus 





as copper regulus, which contains from 10 to 12 
per cent, of copper and .02 to .03 per cent. of silver, 
The principal dimensions of the furnaces are as 
follows : 
= height of the furnace from hearth ft. in. 


P oes one dai ie ove - 6 2 
Height of tuyeres above the sole of the 
hearth... sng = eee er ro Ch 
There are in all three tuyeres, which on account of 
ee pa ge could only be placed in the 
ack wall, 


Length of the furnace adi Gl Sie 
Breadth of the furnace across the fore wall 
at the level of the hearth plate ... oa 
Breadth of the furnace across the fore wall 
at the level of the tuyeres ... he Ld 
Breadth of the furnace across the back wall 
at the level of tho tuyeres ... as a 
Breadth of the furnace at a height of 5 ft. 
above the hearth plate... i saa 
Height of sole of hearth above the hearth- 
stone ... ost ff née pie eee 
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A campaign in one of these furnaces lasts from 
three to six weeks, and notwithstanding the low 
temperature, the loss of lead due to volatilisation is 
very considerable, averaging from 20 to 25 per 
cent, These furnaces have fume chambers built over 
them, as in the case of the schlieg furnaces. 

The regulus furnaces are charged in vertical 
columns, i.¢., the charge is thrown against the back 
wall of the furnace, and the fuel towards the front 
wall, the furnace being worked with a “‘ nose,” and at 
a low temperature, since otherwise with a high tem- 
perature a greater amount of iron would be reduced 
with consequent impurity of the work-lead, and 
the formation of “iron bears” in the hearth. 

As the roasted regulus contains a very large 
quantity of oxide of iron, the principal constituent 
to be added to the regulus must be of such a com- 
position as readily to carry off the iron; for this 
purpose the acid slags from the schlieg-smelting are 
used, which carry off a large quantity of the oxide of 
iron as a fluid basic slag, and which must be formed 
at alow temperature to avoid as much as possible loss 
of lead by volatilisation, which would be greatly in- 
creased with a bigh temperature in the low fur- 
naces, 

The composition of the charge during the last few 
years has been as follows :* 














— |1869]1870 1871187211873 

ewt.'cwt. cwt.|cwt. ewt. 

Roasted regulus ... _... «(100 |100 |100 {100 |100 

Slag from schlieg smelting .. |104 [104 a |108 |110 
Other substancés containing lead} 1 

Total ... --|205 |204 i204 [208 210 





The resulting products per 100 cwt. of regulus 
were : 


Work lead... - 943 9.04 9.20 7.3 7.25 
Regulus 42.05 35.72 40.20 23.8 24.7 


The roasted regulus to be smelted contained ac- 
cording to the dry assay from 8 to 14 per cent. of 
lead, from 3 to 6 per cent. of copper, and 0.02 per 
cent. of silver, 

The work-lead obtained is richer in antimony and 
copper than that from the schlieg smelting, and like 
the former is sent to Lautenthal to be treated by the 
zinc desilverisation process. Only 75 percent. of the 
lead originally contained in the regulus is obtained, 
the remainder amounting to 25 per cent. is lost, 
almost entirely by volatilisation. According to 
Wunderlich trials have been made to avoid or 
diminish this loss by using more acid slags, which 
lead to great expense for fuel, but without obtaining 
any satisfactory results, and the extraction of the 
copper by the wet method is inapplicable. The 
work-lead contains from 0.4 to 1.5 per cent. of silver. 

The regulus obtained from the smelting of the 
roasted regulus is much the same in external and 

hysical characteristics as that from the ore smelt- 
ing ; metallic copper, however, can often be noticed 
in the small cavities of the regulus. The exact com- 
position of the regulus will be seen from the two 
annexed analyses, of which the first (a) is that ob- 
tained from the first smelting of the regulus, and 
the second (4) is that from the second smelting of 
the regulus : 


* For the analyses and numerical details of the charges 
&e., we are indebted to Herr Wunderlich, of the Imperial 
Mining Academy, Clausthal. 
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Dec. 28, 1877.]} 499 
(a). (b). From the mode of charging the furnace, the zone | to an analysis by Rivot the condensed fume is com- 
Pb 7.758 8.148 in which a reducing atmosphere is present is com-| posed of oxides and sulphides. 
Cu = — paratively small, so that only a portion of the iron Oxides. Sulphides. 
y > 0.035 0.058 is reduced and the more easily reducible oxides de- mo an Sb and oe at 
re 48.972 40.955 oxidised, The metallic iron formed, immediately 7.0 15 Zn 10 
Zn 1.923 1.893 reacts upon the sulphate of lead and the sulphide of Fe 4.5 Fe 10 
Mn 0.282 0.280 lead (formed by the reduction of part of the sul- PbO SiO 2.9 Ss 78 
Co om = phate ), Presi itating lead “~ Ama for yr en ane at : RE as coal dust 2. 

: > ' art the silver es, e more refractory 1O, Ba SO, : Fi Ss 
_— = = alien, such as 70, pass for the greater part|.. The fume is scraped together, agglutinated with 
Mg 0.037 0.049 through the furnace unreduced owing to low tem- lime, and passed through the ore furnace, The in- 
s 25.795 24.928 perature, and so enter into the slag; this accounts crustations taken from a furnace and the residue 

as partly for the large amount of ZnO from 4.5 per which may be left when the furnace is blown out, 


99.353 

In both these cases 108 cwt. of slag from the 
schlieg smelting were added per 100 cwt. of roasted 
reguius. 

On examining the above analyses of the regulus, it 
will be seen that the percentage of sulphur is ap- 

roximately the same in both cases, and that the 
increase in the amount of copper and the decrease 
in the amount of iron is approximately that which 
is accounted for by supposing the decrease in Fe S 
to be replaced hy its equivalent of Cu,S. The per- 
centage of lead in the regulus remains approximately 
the same, the amount of antimony, as might be ex- 
pected, is much less, due to loss by volatilisation, and 
the percentage of silver is greater. 

The regulus from the second smelting is lifted 
from the tapping pot (when sufficiently cool) as a 
disc, which after being weighed is broken in pieces 
about the size of the fist, and transferred to roast- 
ing heaps preparatory to being passed through the 
copper smelting furnaces. 

The slags from the regulus smelting are much 
more basic than those from the ore orschlieg smelt- 
ing, as was to be expected from the object of the 
regulus smelting; viz., the slagging off of a part of the 
iron, and the concentration of the copper in the 
regulus. The slags are much less fusible, solidify 
more quickly, look duller, but without having such 
dark colours as the schlieg slags. In the description 
of the Clausthal Dressing Works we mentioned that 
several of the buildings were built of bricks formed 
by running the slag from the lead furnaces into 
moulds. As basic slags, however, are very liable to 
crumble and split in pieces, the slags from the 
regulus smelting cannot be used for this purpose. 
The chemical composition of the slags will be seen 
from the annexed three analyses, of which the first 
and second (a) and (4) are from the first regulus 
smelting, when 108 cwt. of slags from the schlieg 
smelting are added to every 100 cwt. of roasted 
regulus; and the third (c) is from the second regulus 
smelting, where likewise 108 ewt. of schlieg slags 
are added to every 100 cwt. of roasted regulus. 

a. b. ¢. 





co 


J 


SiO, 30.570 27.8 30.704 
BaSO, 1.229 13 1.032 
FeO* 42.867 47.4 43.139 
FeS 4.128 { > 1.839 { on 
Al,O, 3.694 9.0 7.552 
CaO 4.893 4.2 3.755 
MgO 1.272 8 1.313 
ZnO —+5.346 2:9 4.467 
PhO —-2.048 2.6 1.723 
MnO «851 1.0 ‘870 
K:0 585 13 833 
Na,O 1.311 6 1.364 
(Ni0+Co0) 033 2 118 
Cu,8 359 { oan, 10a “ust See 
Ag 0008 0025  .0008 
Sb,8, 083 { 7S, ssh 101 { RE, 
P,0; 869 2 743 








100.1478 101.4825 100.0398 


From the composition of the charge it will be 
noticed thatthe whole of theiron used for precipitating 
the lead is furnished by the roasted regulus itself, 
and it will be evident that the amount of iron, which 
thus acts the part of precipitating agent, will de- 
pend partly on the degree to which the roasting 
process has been conducted. Formerly, metallic 
iron was added to the charge for regulus smelting ; 
the addition of metallic iron would certainly result 
in the precipitation of more lead; proportionately 
more regulus, however, would be produced, consist- 
ing of an excessive quantity of FeS, which would 
have to be slagged off during the copper smelting, 
which would thereby be greatly lengthened ; and 
besides, the great ity of the sulphide of silver 
for sulphide of iron would lead to a larger portion 
of silver passing into the regulus, which on account 
of the smaller quantity of lead remaining in it, is 


less suited for a desilverisation process, 


‘ 





cent. to 5.5 per cent. in the slag. Part of the ZnO 
may, however, be ‘reduced, the metallic zinc vola- 
tilised at the hotter part of the furnace, and on its 
passage upwards to the mouth of the furnace it is 
reoxidised. With the exception of the above re- 
duction of oxides, &c., the reactions are essentially 
those which we have discussed in describing the 
schlieg smelting operations, so that they need not 
be here repeated. 

We have already several times hinted at distur- 
bances of the regular working of the furnaces these 
may arise from: 

1. Unsuitable composition of charge (including 
improper proportions of ore and fuel). 

2. Unfavourable temperature of the furnace. 

3. By the formation of incrustations in the fur- 
nace. 

4. By an unsuitable pressure of blast. 

5. By deficient construction of the furnace. 

Many of these causes are dependent on one 
another, and we have in passing noticed, more or less, 
all except 4, and the remedies to be applied. We 
have also noticed, more or less, the formation of in- 
crustations, ‘‘bears,” Ger. ‘‘ofenbriiche,” as they are 
variously called, which usually consist of sulphide 
of lead, intermixed, more or less, with other sul- 
phides (chiefly ZnS, FeS, Sb,.S,, Ag,S) and 
oxides, These incrustations are formed partly by 
volatilisation and subsequent condensation in the 
cooler part of the furnace; to and by which fine 
particles of ore, &c., carried mechanically upwards 
by the blast are attached or agglutinated, and partly 
by the slagging of the sides of the furnace at a low 
temperature. The incrustations are — me- 
chanical mixtures of PbS, PbSQ,, FeS, ZnS, Ag,S, 
Sb, S,, &c. The analyses of one by Metzger gave 
the following composition: PbS=95.5 FeS=3.2 
Sb, S,=2.5 with traces of Ag,S and ZnS, These 
accretions are sometimes dull, sometimes iridescent 
with all the colours of the rainbow; though generally 
compact, they often have a crystallised structure, 
cubes with a step-like arrangement of the faces, the 
presence of ZnS is indicated by a foliated yellow 
brown or greenish coloured crystals; the presence 
of antimonial m5 nickel is frequently indicated 
by violet-red needle-shaped crystals, and the beauti- 
fully coloured regulus of Venus is also occasionally 
produced, The incrustations may be got rid of either 
by smelting them off, or by detaching them by force 
When the incrustation is formed towards the mouth 
of the furnace, which is but seldom the case, it can 
generally be detached by ayers. a long pointed bar 
down the side. When the attachment is somewhat 
lower down its removal becomes a matter of more 
difficulty, if allowed to remain it forms a continually 
increasing impediment; the smelting operation pro- 
ceeds more slowly and eventually ceases. Some- 
times the blast pipe is withdrawn, and a bent bar 
passed through the tuyere; if this is unsuccessful 
the furnace may be fed with charcoal, and a higher 
pressure of blast used so as by a higher tem- 
perature to melt it off, and at other times the 
charge may be altered to form a highly fluid bisili- 
cate slag, which may dissolve it off. When it is 
found impossible to detach the adherence by these 
means nothing remains but to take down a part of 
the fore wall of the furnace, which will be cooler 
than the rest, the position of which will be very 
nearly ascertained by means of the iron bars, 
Slight adherences which often cover the end of the 
“nose” are readily detached by passing long 
pointed bars through the tuyeres, After the fore 
wall has been taken down and the adherence re- 
moved, charcoal is usually filled in the — 
occupied by the incrustation, and the fore wall is 
rebuilt and the blast again turned on, 

The lead fume and furnace smoke which are con- 
densed in the chambers built over the mouth of 
the furnaces, consist of finely divided ore, soot, 
coal dust, carbonates, and sulphates, mixed with a 
small quantity of metallic oxides, which have been 
carried away mechanically by the blast. According 





and any metallic scrapings, &c., from any of the 
different operations are stamped and subjected to 
rough dressing (generally only riddling), and in 
some cases mixed with lime and passed again through 
the schlieg furnaces. 
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StanDARD Drop Botrom GonDoLa Car, 

Figs. 1 to 8 of our two-page engraving show 
the construction of the standard drop bottom 
gondola car (the wagon described under that 
name on page 431] ante should have been called 
the hopper bottom gondola). It is a large car, 
30 ft. 9} in. long and 7 ft. 6}in. wide inside. The 
total length of the frame is 31 ft. 7} in., the outside 
width being 8 ft. The frame consists of five longi- 
tudinal timbers, the two outer ones being 7 in. by 
10 in., the middle timber 6 in. by 9 in., and the 
intermediate pe 3 in. by9 in. These are connected 
by end sills, the extreme length of which is 8 ft. 22 in., 
and 8 in, by 9in. in the middle, reduced towards the 
ends, as shown in the plan, Fig. 2. Over the trucks, 
5 ft. 34 in. fromthe outer face of the sills, is the cross 
framing carrying the upper turning plates. This 
consists of a sill 6 in. by 14 in. framed underneath 
the longitudinals, and bolted to them (Fig. 3). Side 
pieces 34 in. by 8in. are bolted on each side of the 
central longitudinal, and extend for a distance of 
2 ft. from the centre pin of the truck to the end of 
the frame ; outside these side pieces are two blocks 
4in. by 14in. Passing over the central longitudinal 
side pieces and blocks are two straps 10 in. apart 
from centre to centre, and 34in, wide, bolted down 
as shown ; the ends of these;straps are attached to 
truss rods, which passing through holes made in 
the cross sill are secured by nuts at the outer 
ends (Fig. 3). The cross sill is bolted to the 
longitudinal by in. bolts,as shown. At a distance 
of 7 ft. 11 in, from the cross sill just described are 
two other transverse timbers 4 in. by 6 in. bolted to 
the main sills, and passing underneath them, To 
these timbers are attached the drop doors on the 
bottom of the car. A tie-rod 2in. in diameter 

8s transversely through the frame over 
these cross sills, and two longitudinal tie-rods 
lin. in) diameter extend from end to end of the 
frame (Figs. 1 and 2.) These rods, which are 
placed just outside each of the intermediate longi- 
tudinal timbers, are bolted to the end sills, passing 
through them about the middle of their depth, then 
over blocks resting on the cross timbers carrying 
the turning plate of the truck, and thence under- 
neath the frame as shown in Fig. 1, where they 
bear in cast-iron sockets bolted to the middle cross 
sills (Fig 4). Figs. 5 to 8 show the arrangement 
of the ge and buffer head, as well as of the 
bumper blocks on the end sill. The various 
dimensions are marked on these figures, The brake 
wheel is placed on one end of the frame, and 
its attachments are indicated in Figs.1 and 2. The 
trucks are not shown in the drawing, but they are 
of the type that has already been fully illustrated 
and described (see ante, page 460). 

The floor of the car is 1#in. thick ; it is tongued 
and grooved, and is laid on the main sills of the 
frame projectings slightly beyond the outer timbers. 
To the face of the outer longitudinal timbers, at 
intervals varying from 2ft. 7in. to 3ft. 7in., are 
secured sockets of the form shown in Fig. 8, by 
means of staple bolts passing around the middle of 
the socket, and held by nuts on the inner side of the 
sill. Vertical posts 3in, by 34 in. are placed in these 
sockets, some of them extending only to the top of 
the sides of the car, and others about 3 ft, longer. 
The former are fastened to the sides by three bolts, 
as shown ; the latter are slotted, so that their heights 
can be adjusted, and they are fixed by a bolted 
framing through the slot, a nut and washer plate, 
The sides of the car are 18 in. high and 2 in, thick. 
Besides the connexions with the frame means 
of the side posts, they are secured by straps 2 in. wide 
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EMERY GRINDER. 


CONSTRUCTED BY MESSRS. THOMSON, STERNE, AND CO., ENGINEERS, GLASGOW. 
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and gin. thick on the inner face of the side. The lower 
part of this strap is formed with a } in. bolt which 
passes through the frame, as shown. ‘lhe upper end is 
turned overand recessed into the top of the ain. Eight 
bolts, } in, in diameter, also re through each side 
and frame. The corners of the body are protected 
by angle plates, and the top of a flat plate secured 

bolts Figs. 1, 2, and 3). The drop bottom is 

placed th the middle of the car, as seen in Figs. 1, 

5, and 4. It is 5 ft.6in, long and 4 ft. in width. 
It forms a kind of well in the floor of the wagon, 
the level being 8 in. lower than the latter, the doors 
therefore abut against the underside of the longi- 
tudinal sills, the central one of which runs through 
the well. The ends are formed of timbers 4 in. 
thick, tenoned into the longitudinals. The flanking 
of the doors is 2 in. thick, and the hinges, which are 
bolted to the transverse sills of the frame, extend to 
the end of the doors. The latter are raised and 
lowered by means of the shaft running across the 
car, and carrying a ratchet wheel at one end. The 
weight of this car varies from 9 tons to 9} tons, and 
its capacity from 10 tons to 12 tons, 








EMERY GRINDER. 

We annex engravings of one of the emery grinders 
constructed by Messrs. Thomson, Sterne, and Co., of 
G w, this grinder being fitted with one of Messrs. 
Handyside and Sterne’s patent e:sery rings as shown in 
Fig. 2. From this view it will be seen that the grinding 
material is disposed in the form of a ring having such a 
section that it is held firmly together between a couple of 
plates which are bolted together as shown. 

The shaft on which the ring is mounted has very long 

ings, the plummer blocks being cast in one with the 
water trough, which forms, as it were, the frame of the 
machine. A small centrifugal pump, arranged as shown 
in Fig. 2, raises the water from the trough and delivers 
it on to the wheel, the arrangement of the water pipes 
being clearly shown in our illustrations. The hood over 
the wheel carries a slide which can be adjusted as shown 
in Fig. 2, and the whole design of the tool is worked out 
with a care and attention to points of practical detail 
which well deserves commendation. 





Tue Mereoro.uoaicat Socrety.—The usual month! 
meeting of this society was held on Wednesda kg the = 
inst., at the Institution of Civil Engineers, 8. 
Eaton, M.A., President, in the chair. Commander E. & 
Bourke, R. N., J. A. Douglas, W. H. La Touche, B.A., 
G. J. Pearse, W. S. Rogers, and W. Tyrer, were elec 
Fellows and eight candidates poms The following 

: “* Notes on t eteorology and Phy- 
sical Geography of the West Coast of Africa from Cape 
Verd to the Cape of Hope,’’ by Commander E. G. 
Bourke, R.N. This paper gives the ouvalie of the observa- 
tions which the author made during the five years he was 
stationed on the above coast. ‘‘ On the Meteorological 
Observations made by the Norwegian Sea Exploring 
Expedition in the North Atlantic in 1876 and 1877,’’ by 
Professor H. Mohn. This expedition has been organised 
in order to carry out for the North Atlantic and the Arctic 
Ocean an inquiry similar to that conducted by the Chal- 
lenger expedition. The vessel employed was the Vo- 
ringen, of 400 tons burthen, and the period the summer 
months of 1876 and 1877. The barometrical observations 
were taken at first with a mercurial barometer and after- 
wards with an aneroid, which was compared daily with the 
mercurial barometer on board. The temperature was ob- 
tained by a special screen hoisted upon the fore-stay. It 
was found that this gave very satisfactory results. The 
experiments condu with a screen si to that used 
yh our Meteorological Office on shipboard gave readings 

a when ‘aoe sun shone on it. The sling t thermometer 
also tried, and gave a temperature on the mean a shade 
below the sereen in the rigging. The wind observations 
were taken with an anemometer, and Professor Mohn de- 
scribes his own anemometer at le , and deals with its 
corrections in eet i The speed of the ship was deter- 
mined by a special logging machine and by this means 
and the anemometrical tions, the true motion of the 
wind was ascertained. The part of the paper which pre- 
sented most novelty was that referring to the evaporation 
of the sea water. different forms of atmometers were 
described, both of them devised by Professor Mohn, and 
the theory of their action and of the errors to which the 
experiments were exposed are carefully considered. 
paper concluded with tables ¢ of the diurnal aoe of the 
various meteorological elements for the _—- of observa- 
tion, ‘‘ on the Pheno! ions during 
rder of Ps m, M.A. AY 
same o of fowering ¢ plants is observed this year as in 
= ~ that pane came into flower first in the south- 
est of England and then in regular order to the north of 
Lincolnshire, where plants were latest in coming into 
flower. From the tables accom the report oy on be 
deduced the general state of the weather as regards 
































erature and to a certain extent moisture. There is no 
oubt but that damp acts more powerfully than cold in 
retarding the flowering of some plants, and this has been 
anny evident this year. The year, as a whole, has 
m very unfavourable to vegetation; the bitter cold of 
May checked the growth of plants, and by the autumn 
there was comparatively little new wood, and that not pro- 
rly ripened. ‘‘ Note on a Peculiar Fog observed at 
ew, on October 18th,’’ by G. M. Whipple, B.Sc., F.R.A.S. 





WaARENAMBOOL.—Sir W. Jervois has reported favour- 
ably upon harbour works now in progress at Warrnambool, 
Victoria. He considers that the mode of forming the 
breakwater in pierres- perdues is that best adapted to the 
conditions of the case, and that the line of the breakwater, 
though perhaps the outer 300 yards might be laid in a more 
northerly direction, is, on the whole, the best which can 
be adopted. The length of 200 yards for which the present 
contract has been let will give an appreciable advantage, 
= a considerable extension of the breakwater beyond the 

rds, will be necessary in order sufficiently to shelter 
the bour. If carried out to the fullextent of 600 yards, 
there could be no doubt of its affording full protection to 
the whole of the anchorage. The cost of the whole work, 
constructed of sandstone blocks, is estimated at 110,0001., 
but if of bluestone at about 190,0001. 





BASINGSTOKE SEWERAGE Works.—The following are 
the tenders received for the a 4% sewerage works, 
the engineer to which is Mr F. Rowell, C.E., of 
Wimbledon. Contract No. 1. For constructing about 
seven miles of stoneware pipe sewers, manholes, lampholes, 
&c., erecting pum station, chimney shaft, three 
co , and other baiings. Bugbird, 20,5201. ; "Nowell 
= bson, 19,3951. ; Crockett, 19,0007. ; ‘Wood, i8, at! ; 

bf 18, 8502. ; Pellett and Bentley, 18, 0297. ; 

u. ; ‘Dover, 17,952l.; Young and Co., 16, 9771. ; 
Hiteon, is, 4611. ; Cook and Co., 16,0881. ; Potter, 15, "6391. ; 
Patterson, 15,4701. ; Batten, 14, 6371. ; Morrow and 
Eckett, 14,4111. ; Mackey, 14,2901. ; Hookway, 18,2981. ; 
Small and Son, 12, 4611. Contract No. 2. For man 
ing and erecting two 15 horse — horizontal condensing 
steam engines, two boilers and fittings, also providing and 
laying about 2200 lineal yards of 12in. cast-iron pipes, 
valves, and other works. Savill Street Iron Co., Sheffield, 


59217. ; Bland and Sons, 55001.; Young and Co. -» 49411. ; 
Mason, 47981. ; Derham, 47811. ; Thornwell and Warham, 
45741. ; Powis, 46011. ; ‘Wood, 44501. ; Hookway, 44501. ; 


Dale and J. and 8. 44001. ; Oliver and Co., 48201. ; 
Pontifex and Wood, 41331. ; Kellett and Bentley, 39791. ; 
Laidlaw and Sons, 39721. 
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WATER IN STEAM. 

WE reproduce from the Journal of the Franklin Insti- 
tute the two following papers on modes of ascertaining the 
quantity of water mechanically suspended in steam. 

MEASUREMENT OF WATER MECHANICALLY SUSPENDED 
IN STEAM. 


By PaALaAMEDE Guzzi, C.E. 


The greatest difficulty which is encountered in deter- 
mining the coefficient of evaporation of a steam generator, 
or the weight of vapour produced in a given time, is in 
measuring the water which it carries over from the boiler 


by mechanical action. 

This problem, which has acquired a greater importance 
since Hirn, Leloutre, and ner, by their overthrow of 
the old theories of the’steam engine, have opened the way 
to the true theory, is not yet completely solved. 

The only solution of real importance, among the man. 
which have been hitherto attempted, is the one suggest 
by Hirn, and followed by the distinguished experimenters 
of the Industrial Society of Mulhouse, and others. 
Even this leaves some uncertainty, so that the Mechanical 
Committee of that society has recently renewed its offer of 
a reward for a better method. 

Hirn’s plan consists in measuring the total heat of a given 
weight of steam, and comparing it with that which would 
be found in dry, saturated steam, as given by Regnault’s 
formula. His apparatus consists simply of a coiled tube, 
surrounded by water. 

But there is some indeterminate portion of the energy 
of the steam, which is so transformed as to be incapable of 
measurement. The vibrations generated by the flow of 
steam, in the coil, and in the surrounding water and air, 
as well as in the boiler itself, re nt a transformation of 
heat into mechanical energy. part is manifested in the 
form of sound, and is lost ; only a small fraction of the re- 
maining portion can reappear in a’greater elevation of the 
temperature of the water. Moreover, during the flow of 
steam and its condensation in the coil, recent experiments 
have shown that there is a conversion of thermal into 
electric y+ 

It is true that Regnault’s e: iments were made under 
similar conditions; but for that very reason there isa 
greater need of other means of experimenting for pur- 
poses of comparison or confirmation. 

I have devised an apparatus, consisting mainly of a 









































vessel which is filled with the steam of which it is desired 
to measure the humidity, and which is protected, as much 


as possible, . radiation and consequent internal con- 
densation. Its capacity, and the ro the bg 


contained in it, being known, it is easy 
amount of dissolved or water. 
This recipient, marked a in.the 


accom ing di » 
te melee Gt fd ogden tin tat leaden 





spherical ends. It has an upper valve } and a lower valve | 
c, which is fastened by the screw d, to the bottom of the 
chamber e. _This chamber, which serves as the envelope 
of the recipient a, is formed of the double bottom f, and 
she cover g, which are both of cast iron, and the cylindrical 
sheet-iron wall h. Thesides and top are pro by non- 
conducting materials, enclosed ia the external envelopes i, j, 
which are made of polished brass. The covering receives 
pipe to the valve b, and contains the stop-cock k, 
as well as the stuffing-box 1, through which passes the stem 
of thermometer m. 

The double bottom f is put in communication, by means 
of the receiving valve n, with the steam dome o ; by means 
of the openings p, with the chamber e; and, when desired, 
with the interior of the recipient a. The valves b and c 
are worked by means of the handwheels s, and the spindles 
q, which traverse the stuffing-boxes r. In order to diminish, 
as much as possible, the transmission of heat from 6 and c 
to s, the spindles are made hollow, and pierced with holes, 
so as to increase the surface of contact with the steam of 
the hm ge e, while the heat conducting sections are 


In experimenting, the air is driven from e by opening k 
and m; k is then , and after some time 4 and c are 
opened. After the air is driven from a, b is closed. After 
some seconds, when the equilibrium of pressure is 
established, c and n are closed ; the cover g is lifted, and 
the spindles 4 ss withdrawn, the recipient a is removed 
to be weighed. The total weight, less the weight of the 
receptacle, gives the weight of the mixture of water and 
steam ; deducting the weight of an equal volume of dry 
saturated steam at the same temperature, we obtain the 





quantity of water dissolved in the steam. 


The article referred to gives the plan of Professor G. A. 
Hirn as the ae suggested, and which consists in 
measuring the t< heat of a given weight of the steam 
under examination, and comparing it with that of dry 
saturated steam at the same pressure and temperature. 
= aaa there described consists of a simple con- 

e coil. 
_ Another form of apparatus for this method is that used 
in the boiler tests at the Centennial Exhibition, and de- 
scribed in detail in the Journal of the Franklin Institute, 
-< es = non re in this a 
y me ,W er the apparatus » corrections 
have to be made for losses b; snlinien from the conducting 
pipe and condensing v » and for absorption by the 
vessel, if of wood, and the specific heat of the vessel, and 
of the stirring apparatus, none of which can be more than 
aa, oY open ined. 
the apparatus of Mr. Guzzi, the copper vessel in which 
the steam is to be weighed, is enclosed in, and filled from 
an outside chamber with non-conducting sides, connected 
by a pipe to the steam dome of the boiler. With this ar- 
rangement, the steam, not being taken from the principal 
outlet of the boiler, is not of the normal quality, and is 
subject to some loss of heat by radiation Sen the 
chamber and connexions. Moreover, after entering the 
weighing vessel, the steam is allowed to stand in a 
quiet state, and all the water held in suspension will be 
4 oe sed b: if gure 

The ap propo: y myself is shown in the fi 
as intended to be inserted in the steam-pipe leading to the 
oe S chamber ry sox by an enlargement of 9 
pipe, an opening at the top, large enoug it the 
vessel b ; the opening to be covered by means of the lid c. 


SQA AMM AMAA 


‘Care is‘needed in determining the tare of the vessel a. To 
take aecount of the vapour which is condensed upon the 
inner walls of the vessel and adheres to them, it will be 
well to experiment with a generator from which no other 
vapour has been withdrawn, and which has not been heated 
for some time. Subtracting from the weight of a, thus 
filled with vapour, that of an equal volume of dry 
saturated vapour at the same temperature, we get the 
pe atl the empty vessel, but internally bathed ; this is 
e 


The apparatus could also be applied to the determination 
of the density of dry saturated vapours, under high 
pressures, for com with the results of Fairbairn 
and Tait, and to find the values of r, in the formula of 
Clausius, 


APu="f 
~~ 
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for comparison with those obtained by Regnault. 


MEASUREMENT OF WATER MECHANICALLY SUSPENDED IN 
STEAM. 
By J. B. Kniaur. 

epee | for a long time felt the want of a more satisfac- 
tory method of determining the amount of water 
out of the boiler by the mechanical action of the steam, 
when determining the evaporative efficiency of steam 
boilers, I conceived a device, about January Ist, 1874, 
which, so far as depending upon the —— of a measured 

uantity of entrapped steam, was identical with that of 

Palamede Guzzi, an account of which is given above. 

Preferring to submit my design to the of e ent 
before publishing it, and Selene prevented from doing so up 
to this ra Mr. Guzzi is, of course, entitled to the claim 
of priority. 

+ now becomes desirable, however, that I should give 
my plan, as it covers some points not em in his, and 
which —_ pen dey! hepbrwndienc se are 

vantages claimed for my are: entrapping th 
steam to be tested in exactly the condition in which it 
passes from the boiler in the normal condition of working ; 
and ing entirely upon the weight of the steam 
entrapped, thus avoiding errors arising losses of heat 
during the eran oy ‘ . 
Allthe m heretofore proposed, petting eet of 
Mr. Guzzi, fail entirely in one or the other of par- 








At each end of the chamber are the valves d d’, and 
just beyond these is a by-pass, having in it the valvee. It 
is obvious that when the valves d d’ are open and e closed, 


all the steam, on its way to the engine, must through 
the chamber a; or if it be desired to ‘open the chamber, 
pass around the 


the valves being reversed, the steam wi 
chamber through the by-pass. 

The copper vessel b (made spheri 
pose of enclosing a given wi 
metal), has outlets on each side h the cocks g 9’, 
operated by the handles on the spi hh' passing 
through the bottom of chamber e. At the bottom of the 
vessel b, and operated from the outside in the same manner 
as the cocks g g’, is a small cock i, by means of which any 
water ae heating it up to the temperature of 
the steam can be drawn off. 

In the lid or cover of the chamber is as’ -box, through 
which is inserted the thermometer k, for purpose of 
ascertaining the temperature of the steam; the pressure 
= taken from a gauge attached to the boiler. 

The mode of operating is as follows: Place the 
vessel b in position with its outlets open and in line 
those of the chamber a, the drain cocki also being y 
and when the boiler is in full action the valves d d', 
and closee. All the steam thus being caused to pass 
through the chamber a, through and around the copper 
vessel b, the steam in the latter must be, in every par- 
ticular of pr pan sure, and saturation, in exactly 
the same condition as all that leaves the boiler. } 

When this has continued for a sufficient length of time 
to insure the proper heating of the chamber and its con- 
tents, close the cocks g g’ and ¢ simultaneously, and we 
have ——— in the vessel b a quantity of steam of the 
quality due to the normal working of the boiler. : 

Now open the valve e and close d d’; remove the lid c, 
when the vessel b ie As taken out and weighed. From 
this weight deduct that of the empty vessel, and the re- 
mainder will be the weight of the mixture of steam and 
water contained in it. a between this and the 
weight of the same volume of dry saturated steam at the 
same temperature, will give the centage of water 
carried out of the boiler by the action of the 
steam. 

It is evident that no allowances have to be made for 
salieton, or Sy he eee ae ss the materials used, as 
we ly weig supersa’ steam carried from 
the boiler in actual 
saturated steam, 


in form for the pur- 
ith the least weight of 


service, and compare it with dry 
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PETROLEUM IN JAPAN.* 


By H. 8S. Munroz, E. M., Ph. D., &c. 

Mr. Bensamin 8S. Lyman, of Philadelphia, lately in 
charge of the Geological Survey of Yesso, was engages in 
| rene x 1876, by the Interior Department of the Japanese 
Imperial Government, to examine and report upon the oil 
lands of the provinces of Shinano and Echigo (Nagano and 
Niigata Ken). A report of p + for 1876, just re- 
ceived, gives much new and valuable information regarding 
the occurrence of petroleum in Japan. 

Petroleuam-bearing springs and natural wells have 
long been known to the Japanese, but only of late years 
have they been utilised. According to Japanese writers, 
petroleam—*‘ burning water’’—was first found in Echigo, 
4.D. 615, at Kusodzu, or “‘ stinking water’’ village, by the 
name of which village rock oil is now generally known. 

At first the petroleum was probably collected by simply 
skimming the surface of the water at these natural springs. 
Later, the springs were cleaned out and enlarged, and pits 
dug in the gravel and soft clay rock. At one place, Kuro- 
kawa, tunnels were made in the hillside to tap the sources 
of the oil supply 

The eounl quecties is to dig wells 3ft. or more square, 
and as deep as required. The work of sinking these wells 
requires five men, working — Se day while the light 
is good. Of these, two are probably skilled workmen, the 
others labourers who hoist the excavated material. The 
miners work in short shifts, one remaining at the bottom of 
the well from nine o’clock to noon only, xnd the other from 
noon to three o’clock. The rock in which the wells are 
excavated would seem to be soft and easily worked, pro- 
bably with pick and hoe alone; as the oil-bearing rocks 
belong to the Toshibets group, which group is made up of 
soft sandstones and shales and still softer clay rocks. The 
miner who is not at work, remains at the mouth of the 
well, to direct the coolies who are hoisting rock, and, at 
the same time, to supply his fellow at the bottom with 
fresh air. The blowing machine by which this is effected 
is a wooden box sunk in the ground, about 6 ft. long by 
3 ft. wide and 2 ft. deep ; with a tilting cover, balanced in 
the middle of its length, and moving ween the sides of 
the box on a horizontal axis. A vertical ition below 
the axis, containing a small valve, divides the two ends of 
the box, The workman stands upon the board and walks 
from one end to the other, thus alternately depressing 
each, and forcing the air first from one end of the box, and 
then from the other, into a wooden air pipe, about eight- 
tenths of a foot square, placed in one corner of the well. 
Similar blowing machines are used in some of the smelting 
works to supply blast to the furnaces ; in this case, of large 
size, and worked by six or eight men. The earth or rock 
excavated is raised in rope nets, by three men, by means of 
a rope passing over a wheel 1 ft. in diameter, hung just 
under the roof of the hut which covers the well. On account 
of the gas and inflammable vapour, artificial light cannot 
be used in mining, and a window of translucent, oiled paper 
is made in the roof over the mouth of the well. At the 
bottom of a deep well, it is said to be as dark as starlight. 
In certain cases, horizontal galleries are driven from the 
bottom of the well to increase the yield of oil by draining a 
large area of rock. In these side galleries, the want of 
light becomes serious, for they are quite dark a few feet 
only from the bottom of the well. Mr. Lyman suggests as 
a means of giving light a rude heliostat, made of a number 
of small mirrors in a window frame, with a fixed mirror at 
the bottom to reflect the light into the side galleries, or 
for night work the use of Geissler tubes. 

The well is timbered with large pieces of board at the 
corners, and light cross pieces, which last serve also asa 
ladder for going up and down, though at such times a rope 
is tied wnder the arms of the workmen and held by several 
men at the top. 

The expense of digging a well of this character is not 
great, the rock usually being soft and easily excavated. 
One well 900 ft. deep is said to have cost but 1000 dols. 
Shallow pits 50 ft. to 60 ft. ey would cost much less in 
proportion, probably not more than 10 dols. or 12 dols. 

The a of oil is usually small, not often more than a 
few gallons per day. When first dug, the wells are more 
proteative, seltne sometimes as much as fifteen or 
soenty - In such case, however, wells are quickly 
sunk by other parties as near as possible, often within a 
few yards, and the yield of the original well falls off 
rapid . Whether, in case the underground workings 
should connect, it becomes usual to resort to spears and 
matchlocks, or to revolvers and breech-loading rifles, as in 
some ae countries, ay og 4 

One well, mentioned by Mr. Lyman, in 1871, yielded 
for fourteen days an av of iestven kenvele per day ; 
after that, eight barrels, In January, 1873, the yield was 
but one-half barrel daily. In February the well, being 
deepened, gave nearly three barrels a day. From this time 
the flow diminished till in December, 184, the daily yield 
was about thirteen gallons, when water puta stop to further 
operations. 

The oil is in all cases raised to the surface in buckets, 
and in wells of small yield has to be 2arefully skimmed 
from the surface of the water. 

The introduction of kerosene and kerosene lamps from 
America stimulated the search for oil in new localities and 
the digging of new wells. The production, though b 
these means largely increased, probably never reach 
more than one-sixth or one-seventh of the imports, and has 
so far only supplied the local demand of Niigata Ken 
vicinity. 

A petroleum bubble of some size was also blown in the 
shape of a Japanese i da large 





pany, who a 





” * From the New York Engineering and Mining Journal. 
t ‘‘ Geological eure. of the Oil Lands of Japan— 
Report of Progress for the First Year.’’ Benjamin Smith 


Lyman, Chief Geologist, &c. Tokio, 1877. 





amount of oil-land, bought expensive well-boring machi- 
nery, and engaged the services of a foreign adventurer as 
manager. After spending a good deal of money in expen- 
sive borings which cost more and yielded less than the wells 
dug by the Japanese method, the bubble burst, and the 
machinery and oil-lands were taken by the Government 
y the salary of the manager, &c. 

etroleum, as already mentioned, is found in a series of 
soft sandstones, clay rocks, and shales, resembling to a 
certain extent the rocks of the Toshibets group of the 
Yesso Survey, and nearly, if not exactly, of the same age. 
These are the most recent of the Japanese sedimentary 
rocks, alluvium excepted, and probably miocene, tertiary, 
or even more recent. Formed mostly of volcanic débris, 
containing in many places layers of pumice, &c., and 
broken ap gs by dykes and interstratified and over- 
laid by beds of voleanic rock, the conditions of deposition, 
&c., were not favourable to the development of animal life, 
and fossil remains are not abundant. Evidences of vegetable 
life in the shape of beds of lignite, &c., are more common. 
According to Mr. Lyman, in Echigo the oil-bearing strata 
are in part apparently older than those of Yesso, and 
perhaps cover the gap there observed between the Toshibets 
group and the Norumui Coal grou. 

Petroleum is found here and there in small quantities in 
the rocks of this group over a very large area. The de- 
posits of oil, however, are apparently always local and of 
small extent, even in the oil regions, and in most cases the 
quantity of oil is not sufficient to warrant working except 
on a small scale, and by the simple and inexpensive methods 
already described. 

Oil bearing strata are found in Southern Yesso at three 
places : On the north-west coast of Nippon in Awomori, 
Akita, Yamagata, and Niigata Ken ; and in the same belt, 
in Nagano Ken in the middle of the island, and in Shid- 
zuoka on the south-east coast. 

The more important oil regions of Japan are those of 
Niigata Ken (old Province of Echigo). From Mr. Lyman’s 
report I compile the following Table, giving the charac- 
teristics of the different oil regions of this Ken, beginning 
with the north-west : 
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* ‘© A few hundreds of yards long and still less in width.’* 


In the same province are five or six other localities of less 
importance, some of large extent, within which are numerous 
exposures of oil-bearing rocks, with traces of small 

uantities of oil and more or less abundant outflows of gas. 
tn many places this gas is utilised in the houses for cooking 
and lighting, and arrangements are usually made in the 
village to exhibit for the amusement of the traveller the 
twonderfal burning gas to the best advantage. At one 
place the gas is used to heat the cold water of a neighbour- 
ing mineral spring for baths; at another to heat a rude 
stall used for refining the petroleum. The gas is burned 
from bamboo nozzles, making a large, smoky, and un- 
steady flame. 

The oil of the two northern regions of Echigo comes from 
the soft sand and clay rocks, and the wells are as a rule 
shallow ; while in the two southernmost ions the oil is 
found in the somewhat harder shales underlying the clay 
rocks, and the wells are in many cases quite deep. The oil 
of the north places is thick, heavy, and coloured, while 
that of the southern localities is lighter and yields more 
illuminating oil. This difference may be due to a slow 
evaporation of the oil in the softer and more porous rocks 
of the northern fields, and at the same time to the shallower 
depths reached by the wells. Mr. Lyman conjectures that 
the softer rocks may have thickened towards [the north, 
replacing to a certain extent the shales which may have 
thinned out in that direction, and thus that the oil-bearing 
strata may be identical or of nearly or quite the same age 
in each case. 

The oil wells are sunk wherever the oil appears in springs 
at the surface, usually where the oil-bearing bed or beds have 
been brought near the surface by the erosion of the over- 
lying strata, generally on a saddle or one or another side 
of a basin. The dips are often quite steep, so that the oil 
beds quickly sink too deep to be reached by wells, making 
the productive belt narrow. 

InN Ken (formerly Shinano Province), which also 
came within the limit of Mr. Lyman’s surveys, there were 
but three places which yielded as much as eight gallons per 
day. The rest of the numerous oil wells reported proved 
to be quite insignificant, often mere traces of oil or onl 
gas ; sometimes a mere smell of , hardly to be located, 
or vague reports of a former outflow of . In this con- 
nection a statement in the Japanese cial Catalogue 
becomes interesting : ‘‘It is said that after the earthquake 
twenty-nine years ago, the oil springs were considerably 








modified, both the yield and the locality of the springs 
i etaeag oi t sketch of 
closing this imperfect sketch of a very interesting re- 
port, a word should be said of the am Fo zeal, ~ | 2 
and devotion to the performance of his duty exhibited ‘4 
.L - Early in the season he suffered a painful 
accident by a fall from his horse, injuring the nerves of one 
of his legs so that it was impossible for him to walk or 
ride during the remainder of the season. Nevertheless he 
continued at work, directing from his bed the different 
topographical parties, sketching out their work, and 
receiving their reports. To this confinement also we owe 
the completion of a batch of reports on the coal fields of 
Yesso, and a final report on the geology of that island. 

As soon as possible, probably sooner than prudent, Mr. 
Lyman rose from his bed, mounted an improvised sedan- 
chair, and so carried on men’s shoulders, travelled from 
place to place during the remainder of the season ; visiti 
the oil wells of different regions, and from his eleva’ 
position sketching the topography everywhere as he went 
along. The Japanese Government is certainly to be con- 
gratulated on having a servant so devoted. 





SETTING OUT CURVES BY THEODOLITE. 
By H. O. Baupry. 

THE unquestionable superiority of Rankine’s method of 
laying out curves over others, in point of speed and 
accuracy, warrants the attention of engineers to any device 
by which greater speed or more accuracy may be attained. 

Not unfrequently railway curves are necessarily of great 
length, either on account of the hilly nature of the country 
through which they run, or the disposition of some parti- 
cular property or place; in any case the difficulties of lay- 
ing them out are increased with increase of length. 

The following is a simple and effective means of esta- 
blishing several preliminary points along the curve which ° 
shall serve to check the ‘‘ setting out’’ before any consider- 
able error has occrued. 

Given two straight lines A P, BC (see diagram), and the 
radius of the curve joining them, the position of the curve 
is determined by—first producing the two straight lines to 
intersection at C, and by ascertaining the angle AC B, or 
its supplement B C P (@). 





NY 


Reference to ‘‘ Khronke Curven’’ obtains the length of 
the tangents A C, BC, and the offset CD.+ Thus three 
points on the curve are fixed, one at each extremity, and 
another midway between the two. Say the length of the 
curve is great—80 chains for instance—it is then desirable 
to fix two other points so as to sub-divide the curve into 
four equal parts. 

Conceive a tangent to be drawn to the curve at its 
middle point D, produced both ways to intersect the 
tangents A P, BC in E and F respectively, then the angle 
CEF=angle *e Pt 

And the sub-curves AeD, D/fB are determined as 
before by deriving the lengths A E and the off-set E e from 
** Khronke Curven.”’ 

In practice the necessary calculations are made im- 
mediately after taking the one angle of intersection 6; the 
length A E is known at once from the tables under argu- 


ment 4 , and the point E may be fixed on the ground 


(C E=C A—A E) whilst chaining the tangent C A. 

Subsequently the offsets Ee and F f are laid off, thus 
fixing points at a quarter and three-quarters of the length 
of the curve. 

This latter is, in fact, the only aditional setting out in- 
curred: in the process, and seldom occupies above ten 
minutes, but it is just this addition to which it is the pur- 
pose of the paper to draw attention. 


* or Catalogue, Japanese Section, Paris Exhibition, 
page 44. : 
+ To those who do not possess this useful hand-book it 





may be well to quote the formule : 
AC = rad. (tm. ¢- ) ety 
CD = rad. sco. 9 1 Zod ania 
External angle F C P=inter. and opp. angles (CE F + 
cb oat eens ann. caper ae? another, 
‘ . FCP 
*, Spe SOBF. 
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The theodolite may be fixed at any one of the points 
e Df, its position being corrected by adjus the vernier 
of the instrument to read the deflexion angle for a quarter 


curve 8 and fixing the telescope on the next back- 


ward point, then reversing and reading the same angle 
(s00°-F on the next forward point. 


‘When the angle of intersection happens to be small and 
the length of the curve considerable, it is not a bad plan to 
run a chord line from some point near the commencement 
to another in proximity to the end of the curve, and b 
measuring its length and taking the respective angles wit 
each tangent arrive at the terminal points A and B by 
calculation. 

The quarter curve points (e) and (f) may be computed as 
previously described, and fixed by measuring back along 
the tangent lines to the points E and F, and setting off the 
lengths Ee, Ff. 





AMERICAN IRON AND ANTHRACITE, 


Notes on the Iron Ore and Anthracite Coal of Rhode 
Island and Massachusetts.* 
By A. L. Houtzy, of New York City. 

Tue existence of iron ore and anthracite coal in the 
neighbourhood of Providence, R.I., has long been 
known, chiefly as a geological fact ; that these materials, 
so near to each other and to tidewater, are of such a good 
quality, and are present in such large quantity, as to have 
seriously raised the question of establis ing blast furnaces 
there, was a surprising fact to me; and I have thought 
that the few notes I have lately gathered on the subject 
would be of interest at this partly New yoy meeting. 

The coalfield referred to has an area of above 400 square 
miles, and is found throughout the belt of transition rocks 
extending from Newport Neck to Mansfield, Mass. It 
underlies the cities of Providence and Newport, and the 
towns of Middleton, Portsmouth, Jameston, Warwick, 
Barrington, Cranston, North Providence, Cumberland, 
Bristol, Warren, and East Providence, in Rhode Island, and 
Seekonk, Attleboro, Wrentham, and Mansfield, in Massa- 
chusetts. The amount of coal is not estimated, but very 
roughly stated at ‘‘ hundreds of millions of tons’ in a re- 
port of ‘‘ The Rhode Island Society for the Encouragement 
of Domestic Industry.’’ Professor Ridgway, in a memorial 
to the General Assembly in 1868, states that “‘ the field is a 

but shallow one, made up of a cluster of beautiful 
coal basins, being identical with the lower coal series of 
the anthracite basin of Pennsylvania.’’ The coalon the 
edges of the field has been not only broken up, but altered, 
by heat and pressure, such as the Pennsylvania field seems 
to have escaped ; but Professor Ridgway states that it is 
regular and undisturbed, and less altered in other parts. 
Still later—in 1875—a hole was sunk a little over 700 ft., 
at a point in Massachusetts some five miles from vi- 
dence, in the centre of the basin, and a bed of coal 9 ft. 
thick was found at this depth. Its quality, judging from 
the core brought up, was superior to the coal previously 
worked. All this coal has a red ash, and burns with great 
freedom and with a fuller blaze than other anthracite. The 
ash is quite fusible, so that a moderate blast is required. 
Some time ago, Mr. Samuel L. Crocker, of the Taunton 
ee Company, stated that, for about twelve years, he 
had used 10,000 tons annually of this coal from the Ports- 
mouth mine, in various manufacturing establishments and 
for domestic purposes, and that, for steam and all ordinary 
yerpeses, it was quite as good as Pennsylvania anthracite ; 
while, for smelting copper ores, it was the best mineral 
fuel. More recently, the Taunton Copper Company have 
acquired this mine, and are are now raising their own coal. 
The main shaft measures 1400 ft. on the incline, and the 
gangways aggregate a length of 33 miles. Another mine 
at Cranston, from which some thousands of tons were for- 
— ee has recently been reopened with a capacity 
of 100 tons per day. Most of the workings have been on 
the outcrop, where, as before stated, the coal is broken and 
altered. But the alteration seems to have pretty well freed 
the coal from sulphur, and has also given it free-burning 
qualities. 

Professor Jackson’s analysis of the Portsmouth coal is as 
follows : 


Water and volatile matter ... 10.00 
‘arbon ... ih oe eco 84.50 
Ashes of dark red colour 5.50 


Professor Shaler's analysis of Cranston coal (1876) is as 
follows : 


Volatile matter expelled at red heat 3.55 
Freed carbon ... ove en ei 82.25 
=i Sis ‘ 5.85 
Sulphur aid ove 0.026 
Specific gravity ove re ove 1.839 
Hygroscopic moisture 8.55 


The magnetic iron ore deposit at Cumberland, three miles 
from Woonsocket, and fenlieetnent Providence, is the most 
valuable in the state. The ‘“ Cumberland Iron Hill” is a 
mass of ore 500 ft. long, 150 ft. wide, and 104 ft. high, and 
is estimated to contain over a million tons above natural 

Probably a very much larger quantity lies below 
ground. The ore is not rich in iron—it averages 35 per 
cent.— but it is extremely free from sulphur and foe 
the latter element, as lately determined at the Bethlehem 
Tron Works, being but 0.026 per cent. The Bethlehem 
analysis gives the iron in one specimen as 38.86 per cent., 
pmo another as 33 per cent., and the silica as 25.5 per 





* Read before the American Institute of Mining Engi- 
neers, and reprinted from the New York Engineering and 
Mining Journal. 





Dr. Chilton’s analysis is as follows : 


Per- and protoxide of iron .... we 2 58.50 
Oxide of manganese ... ; 2.10 
Oxide of titanium 3.66 
Alumina and silica 26.33 
Magnesia Be 6.80 
Lime ... te one 0.65 
Water and loss ne ee snc. Se 
Metallic iron .., _ “ ou ow. 42.58 
Such an ore mined by open q ing with natural 
drainage, and almost on tidewater, should seem to be of 


some value for the steel manufacture. 

There are also hematite deposits, the largest being at 
Cranston, five miles from Providence. 

The analysis of this ore by Professor Willis in 1870 is 
as follows : 


Volatile matter ; ee 14.95 
Peroxide of iron... ine on 76.285 
Protoxide of iron Trace 
Silica ... can io ‘ 4.84 
Alumina = ME ae ee: 2.10 
Sulphuric acid, 0.118 sulphur ie 0.039 
Phosphoric acid, 0.453 phosphorus 0.182 
Protoxide of manganese as 0.08 
Lime ... in a oni o” 
Magnesia 0. 
Loss ... 0.20 
99.936 
Metallic iron... ins oa a «» =53.40 
Metallic iron in calcined ore 7 ... 63.60 
The manufacture of iron in Rhode Island is not exactly a 


new subject, since it commenced in 1703. Many cannon 
were cast here from these ores for‘use in the Revolutionary 
war and in the warof 1812. Thee iron manufacture 
closed in this State in 1834, when anthracite iron began to 
be introduced. The authorities of the time pronounced 
the iron of very superior quality. The Cumberland and 
Cranston ores were mixed in quantities. 

It has been estimated that pig iron can be produced in 
this region at less than 16 dols. per ton, which is no doubt 
true, seeing that ore, coal, and limestone are adjacent and 
easily mined, provided the coal turns out to be a good blas 
furnace fuel. I do not learn that experiments have been 
made in this directi But whether iron is produced here 
or not there is already a ly growing development of 
coal mining, and it seems ED ble that ore of this quality, 
so near tidewater, may find a profitable market. 


FOREIGN AND COLONIAL NOTES, 
Trees for the Central Pacific.—The Central Pacific Rail- 
road Company planted 300,000 trees along the line of their 
road last spring, and they have ordered 700,000 more, 
which will be set out in the coming season. 


8 ae Suburban Railways.—Surveys have been pro- 
cvedin g for some suburban railways at Sydney, New South 
ales. 


Port Adelaide.—The South Australian Government 
Engineer for Harbours yg : ** All the ribs of the new 
dredger are in place, and I hope shortly to begin erecting 
some of the main eres Soy | of which arrived from 
England.. No. 1 dredge been employed in the stream 
opposite the South Australian Company’s new wharf. The 
result of the work of the Willunga is a channel cut about 
150 ft. wide and 1500 ft long, with a depth of from 20 ft. 
to 22 ft. at L. W. 8. I expect in about eight weeks to have 
this channel cut right through into deep water, when I 
propose to widen the cut to ft.” 


American Mechanical Industry.—Messrs. Porter, Bell, 
and Co., of Pennsylvania, have just shipped another light 
locomotive to Cuba. The Little Rock (Arkansas) Water 
Company has closed a contract for the construction of 
water works at Arkansas ; the amount of. the contract is 
110,000 dols. Messrs. Burnham, Parry, Williams, and Co. 
are building two large gw Ree for the Buffalo, 
New York, and Philadelphi i Company. The same 
firm has been offered a Russian pe for mo- 
tives, and Mr. Parry has left for Europe on the subject. 
The Baldwin Locomotive Works, at Philadelphia, are now 
employing about 1100 men. These works have recently 
despatched four narrow gange engines to Rio de Janeiro ; 
two engines of a similiar build have also been completed for 
Cuba, and a third one with a similar destination is in pro- 
= Two freight engines of the newest narrow gau 

uild have been forwarded from the Baldwin Wor! 
the Denver and Rio Grande Railroad, and work has been 
commenced on five narrow gauge engines for the South 
Pacific Coast Railway in California. 
Rolling Stock for Spain.—The Dyle Workshops Company 
ium) has received an order for 50 coal trucks from 
the Ciudad, Real, and Badajoz Railway Company. The 
railway company in question has a branch to the Belmez 
coal mines, and its rough receipts have increased thus for 





Prussian Iron-Making.—An official return states that 


the number of workmen en; in the production of iron 
in Prussia declined to 91, in 1876, as compared with 
105,555 in 1875. 


Russian Rolling Stock.—During the last ew months, 
228 locomotives and 4834 trucks have been added to the 
supply of sopteg sted in use on the Russian railways. 
Bef 1, 1878, 416 more locomotives and 9400 
tional trucks are also to be delivered. 


American Steel Rails.—At the last dates from Phila- 
delphia, the Pennsylvania steel rails were pretty well 
supplied with orders. Transactions were pending for 
about 25,000 tons at 42 dols. per ton delivered at tide. 


The Mississippi.—Intelligence has been received from 
Captain Eads to the effect that a new iron dredge-boat, the 
Bailey, is ap Dare could be expected of it. It is now 
widening the c el at the jetties. 


The Channel Tunnel.— Preliminary works in connexion 
with this great un ing have made good progress a 
tte. A shaft has been sunk to a depth of about 
835 ft. below the sea, and starting from this shaft it 
is proposed to pierce an imental tunnel about five- 
eighths of a mile in length. this riinental tunnel is 
not attended with insuperable difficulties, the work of con- 
structing the tunnel properly so called will, it is said, be 
commenced. 

The Creusét Works.—The council of administration of 
the great works at Creusdt, proposes a dividend upon the 
share capital of the undertaking for 1876-7 at the rate of 
14 per cent. per annum. Both the home and foreign busi- 
ness of the works declined in 1876-7, but the orders which 
were executed during the year were of a fairly remunerative 


South Australian Railways.—-Two more companies 
have been formed in South Australia, one to connect Ade- 
laide and Hindmarsh by means of a tramway, and the 
other to construct a tramway from Port Adelaide to 
Queenstown and other places near Port Adelaide. 


Indian Railways.—An extension of the Oudh and Rohil- 


t- | cund Railway, from the Benares Cantonment to the bank 


of the river at Rajghat, on the Ganges, is to be proceeded 
with, and this will probably be followed up by a — 
over the Ganges. That portion of the Indus Valley - 
ve which runs through the Laki Pass has just been com- 
p. . 

American Mechanical Industry. — Messrs. Clarke, 
Reeves, and Co., of Phoenixville, Pennsylvania, have com- 
pleted an iron truss bridge of two spans, each of 100 ft. 
and 150 ft., for the New London and Connecticut Railway. 
The same firm have recently built a two-span bridge 313 
long for the Wabash Railroad Company over the Wabash 
river. 


Austrian Mechanical Industry.—There has been a 
slight en in the mechanical establishments of the 
Austro-Hungarian empire, some Russian orders for rail- 
way carriages and engines having been recently received. 


The Rhine.—In 1876, more than 7,000,000 tons of goods 
were conveyed along the ine, between Rotterdam and 
Strasburg. The ‘‘up’’ movement during the year com- 
prised scarcely 3,000,000 tons ; the ‘‘ down’’ movement, of 
course, represented the balance. 

Working Ewpenses on the San Paulo.—The ratio of the 
working expenses to the traffic receipts on the San Paulo 
Railway has fallen to a very low point, viz., 32 per cent. 


New Brunswick Railways.—A narrow gauge railway, 
a branch of a line which is being built from icton, 
New Brunswick, along the eastern bank of the St. John 
river to the river Du p, in Canada, has been recentl 
opened to Fort Fairfield and Caribou, on the ‘Aroostook 
river. It pierces the finest tract of land for cultural 

in the State of Maine. Caribou, its present 


rminus, is only 26 hours from Boston. 


Steel Rails on the Boston and Maine.—During the year 
ending September 30, 1877, the Boston and Maine Rail- 
road Company laid down 2060 tons of steel rails during 
the year. The introduction of steel on this road on a large 
scale was commenced in 1871, and has been continued every 
year since, so that at the close of September, 1877, the 
company had 91 miles of steel track, 


Works and Plant on the Grand Trunk.—The directors 
of the Grand Trunk Railway Company of Canada report : 
**The way and works are altogether in better order than 
at any previous time. We have steel rails for about 1070 
miles out of 1388 miles, and they are giving us satisfaction. 
We shall proceed to relay the remaining portions of the 
line with steel, as circums require, and will admit of 
our doing so. Much has been done in rep inferior 
masonry or brick piers and abutments with solid stone- 
work of superior quality. The company’s cars are in 


this yeur'to the extent of 14,4004. excellent tion, and have in no way suffered from undue 
Renewals on the Great Western of Canada.—The | economy.” 

Western’ Iecllouy ak Gasnde, — of sees jv — ant Locomotives on the Bombay, Baroda, and Central India. 
fixed at 80001. per half-year for four years, as from er eh Sg eH tem Mo »_ the — : y seaye Tong 
August 1, 1875. The average charge to capital for sub- | ©” 7 India Bi 39 om op meadier aiginen, unt 
stituting iron and stone for wooden bridges on the same HS — cages, Yo ae ’ 
railway has been fixed at 75001. per half-year for 20 years, goods er” 

as from August 1, 1875. New American Ferry Boat.—The James W. Waterbury, 


Working Expenses on the Great Western of Camada.— 
In the half-year ending July, 1877, the ratio of the working 
expenses to the traffic receipts on the Great Western Rail- 
way of Canada was 74.41 per cent. e@ corresponding 
ratio in the half-year ending July, 1876, was ya? 
cent. Severe economy appears to have been enfo in 
A ' ampiaemenaas ; the saving in locomotive power alone was 





a new iron ferry boat, built for the Nassau Ferry Company 
of New Terk, les been launched from the ship-yard of the 
Harlan and Hollingsworth Company in Wilmington. 

American Small Arms for Turkey.—The Providence 
(Rhode Island) Tool Company turned out 3000 guns for the 
Turks in one week recently, and the manufacture is still 
going on, although the Turkish Government is stated to be 
in arrear with its payments. 
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WHOLESALE PRicks OF TIMBER, DBALs, &C. 
From BRITISH NORTH AmEBICA. 
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